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115. Abstract  

This report describes some of the studies conducted in a program of 
research in automobile and truck marking and signaling. A detailed summary of 
current U.S. vehicle marking and signaling lighting standards was prepared, and 
compared with the main features of foreign vehicle marking and signaling standards. 
These reviews suggested a number of topics that warrant further consideration such 
as area-intensity relationships of stop and turn lamps, the hazard warning (four- 
way flashing) signal being rendered inoperative if the brake pedal is depressed, 
reduced photometric and location requirements of rear turn signals on tractors, 
tractor clearance lamps indicating cab width rather than the width of the vehicle, 
the adoption of side turn sigul lamps, white for front parking lamps, use of 
yellow for rear turn signal lamps, etc. 

A review of the effectiveness of separation of rear marking and signal I 
lamps by their functions, supports this general concept. 

As a preliminary to studies to determine the intensity requirements of 
signal lam?s, an analysis shoved thlt sjgnals should beccme identifiable at dis- 
tances up to 2000 feet. The findings of the i;t.~dy of signal intensity requirements 
showed that these are affected by the system's configuration. Conflicts between 
the intensities needed for adequate identification of a signal and those causing 
discomfort glare can be resolved with dual-intensity lamps for systems using sepa- 
ration of function. Flashing l a m ~ s  caused less discomfort glare than steady- 
burning lamps of the same intensity. Recomenctations for the intensities of 
lamps of rear signal systems ware made. 

The final study in this report was a ltboratory evaluation of color dis- 
crimination and identification by normal and dichromatic observers, on the basis 
of which preliminary recommendations for chromaticity coordinates of red, yellow 
and green-blue lamp filters were derived. 
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INTRODUCTION 

This report is the first in a series describing continuing 

research in car and truck marking and signaling. The research 

program has been broken down into some major phases. The first 

phase, partly described in this report, deals largely with matters 

such as: the prevailing vehicle lighting practices &?a s ~ a n k a z d s ,  

evaluations of collision data to try to infer the driver's infor- 

mation requirements, the development of a mathematical model of 

situations in which one vehicle approaches another from the rear 

or is following it with the intent to learn the types of informa- 

tion displays that may usefully reduce rear-end collisions, 

reviews of previous work concerned with the use of separation of 

function and colors in vehicle lighting systems, tests concerned 

with signal intensity requirements in day and night driving condi- 

tions, a review of the need for dual-intensity signaling, and 

preliminary studies of new display formats for presentation of 

information not now coded in vehicle rear lighting systems. 

Associated with these studies was a concomitant effort 

involving the construction of a simulator which would enable 

studies to be conducted of vehicle rear lighting systems. The 

development of this device and the means by which it is used for 

the construction of rear lighting systems to be evaluated, the 

generation of forcing functions for the lead car in the simula- 

tion, and the data recording and analysis procedures, as well as 

some preliminary findings of studies carried out to validate the 

simulator by comparing simulator experimental results with those 

previously obtained in field studies, are described in a separate 

report (Campbell and Mortimer, 1972). 

Other work to be conducted in the overall program is mainly 

concerned with the continuation of the development and utiliza- 

tion of the traffic flow model and the utilization of the rear 

lighting research simulator to evaluate rear lighting system 



concepts. Subsequent studies will be concerned with evaluations, 

under actual driving conditions, of the types of systems which 

the work in Phases I and I1 identify as warranting further study 

in field tests. 

A B R I E F  OVERVIEW OF PREVIOUS R5,:EARCH 

Research in vehicle marking and signaling has proceeded over 

a number of decades. Much of this work has led to evolutionary 

improvements in vehicle marking and signaling standards as well 

as improved lamp construction to reduce the effects of weathering 

to maintain lamp performance. In terms of system performance and 

safety the changes that have been made have been largely concerned 

with providing a better definition of the intensity and area 

requirements of lamps mounted on the rear of vehicles, the intro- 

duction of yellow turn signals on the front, with stipulations 

concerning separation of the latter from the headlights for 

improved detection under night driving conditions, and side mark- 

ing. The marking requirements for passenger car are, in general, 

less complex than those for trucks. Trucks are required to have 

identification lamps mounted on the front and the rear, presumably 

with the intentian of providing other drivers of early recogni- 

tion of the type of vehicle being approached or followed. Clear- 

ance lights are also required at the front and rear of trucks 

which improve identification of the size of the vehicle involved, 

as well as the type of carrier, and in that manner can augment 

the identification of such vehicles. The historical antecedents 

of identification and clearance lights have not been discerned, 

but it would seem likely that it was considered important to be 

able to identify the type of vehicle and its size since this is 

likely to be related to the speed at which such vehicles are 

expected to be traveling. This information could be important 

for other drivers in assessing the safety of an overtaking man- 

euver, or in approaching a vehicle from the rear, in order to 



minimize the extent of the relative velocity and hence, rear-end 

collisions. 

Data have been presented previously (e.g., Mortimer, 1970) 

which clearly show the high frequency of rear-end collisions. 

These collisions may constitute as high a proportion as 50% of all 

highway collisions and more than 60% of those involving two or 

more vehicles. Rear-end, or same direction, collisions account 

for about 10% of traffic fatalities. It would appear likely that 

as the traffic density increases the proportion of same direction 

accidents will also increase. This will also be compounded by the 

increased mileage being driven on limited access or divided high- 

ways which minimize other forms of collisions. 

The role of vehicle marking and signaling lights in colli- 

sions is difficult to determine because of the multiplicity of 

factors that are likely to be involved. Therefore, it is more 

fruitful to consider the role of marking and signaling in affect- 

ing the driver's performance. On this basis, improvements in 

performance which can be shown experimentally and analytically 

could be assumed to produce reductions in collisions. This is 

not to minimize the major purpose of changes that may be recom- 

mended to vehicle lighting systems, i.e., in affecting collisions, 

but to suggest that an intermediate criterion, such as driver 

performance, should be used in experimental studies to determine 

whether improvements are attainable. Such improvements would 

take as their baseline the presently used marking and signaling 

configurations on U.S. vehicles. 

In the U.S., vehicles are required to have reflectors at 

the sides and rear, side marker lights, headlamps for forward 

illumination and marking, augmented by parking lamps at the front 

and presence (tail) lamps at the rear. Signaling is carried out 

at the front by front turn signals and at the rear by rear turn 

signals and stop signals. Some vehicles also provide an indica- 



tion of turning visible to the side by flashing the front and 

some times also the rear side marking lamps. The hazard warn- 

ing signal is given by flashing all turn signaling lamps. As 

already mentioned, trucks are required to also have identification 

and clearance lamps. Two  color^, yellow and red, are used in 

these systems. The major diffexznce between U.S. and European 

automobile signal systems lies in the use of yellow turn signals 

on the rear. The manufacturing requirements for lighting systems 

of vehicles sold in the U.S. market are stipulated in Federal 

Motor Vehicle Safety Standard No. 108 (1973). Other guidelines 

are given in SAE Recommended Practices and Standards which per- 

tain to all aspects of lamp construction and performance. 

~ o s t  of the recently conducted research in vehicle marking 

and signaling has been concerned with improving the coding of 

rear signals. These studies (Mortimer, 1970; Case et al., 1969; 

Projector et al., 1969) have recommended that separating lamps 

that have different functions should be used as one means of 

improving the detectability and identification of signals. The 

use of colors for coding signals, such as yellow for rear turn 

signals, red for stop signals, and green-blue for presence lamps, 

has also been found (Mortimer, 1969) to reduce the detection time, 

and errors in identification of signals. The present U.S. rear 

lighting system does not Lncorporate separation of function of 

color coding. 

Studies that have been carried out to determine intensity 

requirements for lamps (Mortimer, 1970; Forbes, 1966; Kilgour, 

'962; an?. others) have shown that a lamp which is adequately 

visible in the daytime will be too bright, causing discomfort at 

night. It should be noted that these studies evaluated the inten- 

sities of lamps out of the context of a complete signal system. 

In view of the findings showing that color coding and sepa- 

ration of function are desirable characteristics of a rear light- 



ing system for signal detection and identification, it seemed 

necessary that intensity requirements should be determined utiliz- 

ing complete systems, as the system characteristics may have a 

bearing upon the intensities necessary for correct identification 

of a signal and the intensities giving rise to discomfort glare, 

There have been relatively few studies concerned with Ceter- 

mining the most necessary types of information that may be coded 

by signal lamps on the rear of the vehicle, for presentation of 

following drivers. Work by Rockwell and Treiterer (1966) and 

Rockwell and Banasik (1968) have shown that car-following per- 

formance can be improved if the driver receives better informa- 

tion of the headway and relative velocity with a vehicle he is 

following. Analytical considerations of traffic flow (Herman and 

Gardels, 1963) also have shown that these are important cues for 

drivers in stabilizing traffic flow. Some research (Mortimer, 

1970) has shown that sensitivity to changes in headway can be 

improved by the use of an array of four presence lamps rather 

than the two lamps normally used, Idortimer (1971) also suggested 

that, while relative velocity cannot be displayed directly with- 

out intervening electronic or other sensors, it is possible to 

consider the use of a display of vehicle speed on the rear on the 

basis of which relative velocity can be deduced by the driver. 

Other studies (Fiala & Wallner, 1967) have used simulation methods 

to evaluate the utility of a signal denoting an abnormal level of 

deceleration, but did not find that this improved the driver's 

performance beyond that which was found without the panic stop 

signal. In another attempt to present more information of the 

actions of a lead car driver that is given presently, Rockwell 

and Treiterer (1966) evaluated a tri-light display in which a 

green light indicated depression of the accelerator, an amber 

light accelerator released, and a red signal brake application. 

While this display improved detection of coasting (accelerator 



released) it did not appear to improve stability in car-following. 

A basically similar finding was reported by Rutley and Mace (1969) 

in evaluating a stop light display which provided information of 

the deceleration in three discrete steps. In a related experiment 

Mortimer (1970b) evaluated the desirability of a signal given 

whenever the accelerator is relrased, as used in a "tri-light" 

display, which is modulated by accelerator and brake activity. 

By collecting data on an instrumented car that was used in normal 

driving as a motor pool vehicle, he found that brake application 

followed release of the accelerator in less than 50% of occasions 

and that most of the coasting durations were of two seconds or 

less. On this basis, it was concluded that coasting signals 

would occur frequently with little requirement for a following 

driver to alter his speed. The signal would, therefore, tend to 

cause visual noise in the traffic environment. By also evaluat- 

ing the ability of drivers to detect coasting without such an 

augmenting signal it was concluded that little benefit would be 

derived, except in about 10% of coasting events which lasted for 

more than about five seconds, during which a vehicle would reduce 

its speed on a level road by an amount sufficient to require an 

action of a following driver who was following at a normal dis- 

tance. 

It is evident that there is a good deal of information already 

available which would suggest that suitable changes could be made 

to the present rear lighting system, considering only the signals 

which are now presented, which cculd lead to improved performance 

of following drivers and a probable reduction in rear-end colli- 

sions. At the same time, it is also clearathat more effort is 

required in order to determine the information that drivers could 

best utilize in approaching a vehicle from the rear or in car- 

following to reduce collisions, and that this information may be 

found to be different from that which is now displayed. The thrust 

of this research program, in its various phases, is to attempt to 

determine these information requirements and the means by which 



they can be displayed, as well as to evaluate intensity require- 

ments for complete rear lighting systems. Finally, in order to 

supplement the findings of laboratory, simulation and field experi- 

ments which suggest improved lighting configurations, a mathema- 

tical simulation was considered valuable in order to assist in 

defining the informational properties that are needed, out L s z  LG 

provide another means of assessing the likely reduction in xear- 

end collisions that may ensue if such systems were implemente~. 





1, SUMMARY OF U. S. AUTOMOTIVE 
LIGHTING EQUIPMENT STANDARDS 

THE SOURCES OF THE LIGHTING EQUIPMENT STANDARDS 

Federal Motor Vehicle Safety Standard No. 108 (1) 149 CFR 

521.108, or FMVSS 1081 establishes the current lighting equipment 

manufacturing requirements for vehicles manufactured f ~ r  siiie in 

the United States. It incorporates frequent reference to the 

Standards printed by the Society of Automotive Engineers in their 

Handbook, although additional requirements are also made in some 

instances. Only those SAE Standards and Recommended Practices 

mentioned in FMVSS 108 are legally mandatory, however. 

For the purposes of this survey, those SAE Standards made 

legally binding by reference within FMVSS 108 will be distinguished 

from those others published by the SAE but not yet adopted by the 

National Highway Traffic Safety Administration [IJHTSA]. 

The actual operating standards for vehicles in use on public 

land are established and enforced by the various states, as set 

forth in their respective State Vehicle Codes; by other lower 

levels of government (for instance, cities and municipalities); 

and for interstate commercial vehicles, by the Bureau of Motor 

Carrier Safety of the Federal Highway Administration [FHWA]. 

Vehicles manufactured with lighting equipment sufficient to 

meet FMVSS 108 also meet or exceed the requirements imposed by 

the individual states in most instances, with the former pre- 

empting the latter at time of manufacture in case of conflict. 

Exceptions to this usually are limited to specialized equipment, 

such as school bus loading and unloading lamps. Most states 

impose additional requirements and/or restrictions upon the opera- 

tion of certain lighting equipment, such as on the use of revolv- 

ing beacon lamps and on the use of auxiliary fog and driving 

lamps. 



An additional source of recommendations for lighting equip- 

ment is the industry-sponsored National Committee on Uniform 

Traffic Laws and Ordinances [NCUTLO]. The Highway Users Federation 

for Safety and Mobility [HUF] prints a summary of the lighting 

requirements from the individual State Vehicle Codes,* especially 

as the latter vary from the NCUr!LO recommended operational stan- 

dards. 

Six basic categories of vehicle lighting equipment can be 

identified, distinguished by their performance or visual effect: 

1. Vehicle Signal Lamps (stop and turn signal lamps, warning 

lamps for emergency vehicles, school bus loading and unloading 

lamps, etc.). This category includes those lamps which are either 

voluntarily actuated by the driver to give specific signals, or 

involuntarily actuated by the vehicle's performance or 

They intend convey a signal other drivers. 

safety standards or SAE recommendations exist, 

discussed under the appropriate latex part 

controls. 

Where 

these 

federal 

lamps are 

this chapter. 

2. Vehicle Demarcation and Identification Lamps (rear 

presence lamps, parking lamps, side-marker lamps, clearance lamps, 

identification lamps, etc.). This category limited to those 

lamps specifically or primarily intended to convey information 

about the presence, dimensions, or orientation of vehicles. Where 

federal safety standards or SAE recommendations exist, these lamps 

are discussed under the appropriate later part of this chapter. 

3. Vehicle-Mounted Road Illumination Lamps (headlamps, 

driving lamps, passing lamps, fog lamps, backup lamps). Because 

these lamps interact with those whose function is specifically 

sipding and marking, they are given further consideration here. 

Where federal safety standards or SAE recommendations exist, these 

lamps are discussed under the appropriate later part of this 

chapter. 

*Motor Vehicle Law Series, Service No. 3 - Equipment 
Requirements. 



4. Vehicle Interior Liqhting (dome lamps, courtesy lamps, 

map illumination lamps, ashtray lamps, glove-compartment lamps, 

etc.). Except as noted below, this equipment is not germane to 

this review and will not be included in the later discussions in 

this chapter. 

5 ,  Vehicle Performance and Monitoring Indicators (engine? 

condition indicators [idiot lights], high-beam indicat.ors, turiz 

signal indicators, etc.). Except as noted below, this equipneat 

is not germane to this review and will not be included in the 

later discussions in this chapter. 

6.  Vehicle-Mounted Indirect Lighting or Nonelectrically 

Powered Equipment (reflex reflectors, license plate illumination 

lamps, slow-moving-vehicle orange triangles, burning flares and 

fuses, etc. ) . Although this category is quite similar to category 

two above, it is considered separately since the visibility of 

this equipment is dependent upon conditions somewhat more diffi- 

cult to define. For instance, reflex reflectors, generating no 

light on their own, are dependent on the light from other vehicles' 

headlamps to be seen. Similarly, license plate lamps emit light 

which observers are supposed to be able to see only indirectly, 

namely reflected off the license plate itself. 

These six categories of lighting equipment are not mutually 

exclusive. A lamp in one might on occasion serve the function 

of a different category. Examples of this include the following: 

1. Flashing headlamps are used to convey signals. Commer- 

cial truck and bus operators use this signal between themselves 

to indicate they are yielding right-of-way, or that a lane change 

or passing maneuver can safely be completed, or that a road 

hazard or check lane is ahead, etc. Some emergency vehicles 

incorporate simultaneously or alternately flashing headlamps as a 

warning signal. Although the legality of the flashing headlamp 

signal has been challenged, this signal is nevertheless in common 

use. 



2 .  Headlamps in a steady-burning state give significant 

information about the presence, orientation, and relative velocity 

of the vehicle on which they are mounted. Prior to the use of 

front-mounted presence lamps, "running" lamps, or parking lamps 

which remained on with the headlamps, the latter provided the 

sole means of determining presenle and relative velocity when the 

vehicle was viewed from the frank at night. 

3 .  Brake signal lamps in a steady state, or hazard flashing 

lamps, also give significant information about the presence and 

relative velocity of the vehicle on which they are mounted. 

4. Backup lamps serve as a signal to other drivers that the 

vehicle on which they are illuminated is in reverse gear, or is 

traveling backwards. 

5. The observation of a vehicle's interior lighting can warn 

drivers of other vehicles that its doors may be open or opening, 
that the hood is raised and the vehicle is disabled, etc. Some 

interior lighting equipment is specifically designed to project 

light to other drivers when such doors or hoods are open. 

6. Exterior or hood-mounted turn signal indicators also can 

function as side-mounted, rear-facing supplemental turn signal 

lamps. 

7 .  The flashing of side-marker lamps has recently been used 

on some vehicles to augment the turn signal function. 

8. The voluntary actuation of clearance, identification, and 

sometimes side-marker and rear presence lamps is used as a form of 

co~munication between corrmercial truck and bus operators (for 

instance, to acknowledge observation of the other's blinking 

headlamps) . 
DEFINITIONS. Several terms and concepts used in this review 

should be defined here, to avoid later confusion. 



"Vehicle" applies solely to motor vehicles, trailers, and 

semi-trailers licensed to be operated on public highways. Exclu- 

ded are construction and industrial vehicles, and highway mainte- 

nance vehicles of restricted speed potential, except to the extent 

that they coincidentally conform to these standards. 

"Trailers" include both full trailers (self-standing), and 

semi-trailers designed to be pulled by truck tractors. However, 

neither trailers nor semi-trailers designed and intended to serve 

solely as farm implements or to be towed by farm tractors or 

vehicles not licensed for operation on public highways are inclu- 

ded. 

"Motorcycles" include class A, B, C, and D motorcycles when 

the term is used in the text and the figures. In the tables, 

the four classes of motorcycles are distinguished. 

TYPES OF LIGHTING EQUIPMENT CONSIDERED AND THE FORMAT USED IN 
THIS REVIEW 

Table 1.1 summarizes some requirements for those lamps for 

which FMVSS 108 currently establishes manufacturing standards. 

Notably lacking are maximum candela levels for certain lahps and 

the existence of any standards for many other lamps. 

To understand the interrelationships (for instance, veiling 

effects, and confusing or distracting arrays) between the various 

lamps required on motor vehicles, all lamps projecting light in 

the same direction need to be considered together. Thus, speci- 

fic lighting equipment components will be considered according to 

their mounting location and the direction in which they transmit 

light as follows: 

1. Lamps intended to show primarily to the front, +90° from 

the forward projection to the vehicle's longitudinal axis. 

2. Lamps intended to show primarily to the sides, +90° from 

the projection of the axis perpendicular to the vehicle's longi- 

tudinal axis. 



3. Lamps intended t o  show p r imar i ly  t o  t h e  r e a r ,  '90' from 

t h e  rearward p r o j e c t i o n  of t h e  v e h i c l e ' s  l o n g i t u d i n a l  a x i s .  

Each of  t h e s e  t h r e e  h o r i z o n t a l l y  d i f f e r e n t i a t e d  ranges inc ludes  

a l l  v e r t i c a l  p o i n t s  w i th in  +90° from the  hor izon.  

This d i v i s i o n  i s  n e i t h e r  i r c l u s i v e  nor exhaus t ive ,  s i n c e  

lamps mounted on t h e  f r o n t  and rGar a r e  sometimes v i s i b l e  almost  

t o  90° t o  t h e  s i d e s ,  and lamps mounted on t h e  s i d e s  a r e  sometimes 

v i s i b l e  almost  t o  t h e  f r o n t  and r e a r .  For t h e  purposes of t h i s  

review, however, t h e  lamps a r e  d iv ided  i n t o  t h e s s  t h r e e  c a t e g o r i e s  

according t o  t h e  d i r e c t i o n  i n  which they  a r e  p r imar i ly  in tended t o  

p r o j e c t  l i g h t .  An except ion i s  t h e  side-mounted t u r n  s i g n a l  lamp, 

which i s  in tended  t o  p r o j e c t  l i g h t  both  t o  t h e  s i d e  of t h e  veh ic l e  

on which it i s  mounted and t o  t h e  r e a r ,  and i s  t h e r e f o r e  included 

i n  t h e  t a b l e s  cover ing both of t h e s e  d i r e c t i o n s .  

LAMPS VISIBLE TO THE FRONT OF VEHICLES. The mounting loca-  

t i o n  of lamps v i s i b l e  on t h e  f r o n t  of v e h i c l e s  i s  shown i n  

Figure  1.1. Table 1 . 2  exp la ins  t h e  abb rev ia t ions  i n  F igures  1.1, 

1 . 2  and 1 .3 .  Table 1 .3  shows t h e  photometric l e v e l s  f o r  lamps 

v i s i b l e  on t h e  f r o n t  of automobiles,  t r u c k s  and buses ,  and Table 

1 . 4  f o r  motorcycles,  f o r  which f e d e r a l  s a f e t y  s tandards  o r  SAE 

recommendations c u r r e n t l y  e x i s t .  Those requirements e s t a b l i s h e d  

and made binding by r e f e rence  wi th in  FMVSS 108 a r e  p r i n t e d  i n  

s tandard  type;  t hose  merely recommended i n  t h e  1 9 7 3  SAE Handbook 

b u t  no t  ( y e t )  included wi th in  FMVSS 108 a r e  p r i n t e d  i n  i t a l i c s .  

I n  t h e s e  t a b l e s ,  t h e  lamps a r e  organized according t o  func- 

t i o n .  

Each of t h e  lamps a r e  descr ibed  i n  t h e  fol lowing r e s p e c t s :  

1. I n t e n t :  Informat ion on t h e  func t ion  i s  der ived  from 

app l i cab le  SAE Standards ,  o r  from common usage. 

2 .  Method of ~ c t i v a t i o n :  Dr iver -cont ro l led  manual ac t iva -  

t i o n  i s  assumed unless  o t h e r  informat ion i s  s p e c i f i e d  and a t t r i -  

buted.  



TABLE 1.1. Characteristics of Lighting Equipment Required by FMVSS 108. 

'1n the text is contained a fvrtner description of each lamp'a mounting requirements (minimum 
and maximum heights above the road surface, minimum and maximum spacing from other lamps, etc.) 

'FO~ some of the headlamp requirements, specific levels are not given at the exact H-V axls. 
Instead, values at the vertically closest corrdinates are given, indicated in itatics. 

'class A and Class 8. 

 he two values given for theJe headlamps correspond to the requirements for upper and lower 
beams respectively. 

 he combined total for the two lamps on each side must not exceed 37500 CD at the $D-v pornt for 
either lamp. 

l ~ h e  two minimvm values belong respectively to the single- and dual-beam bvlbs of the 'quad head- 
lampn array. 

'another School BUS Loading and Unloading Lamp array required in Some states also contains a 
yellow lamp paired with each red one, but mounted inboard of it. These yellow lamps have standards which 
are 2.5 times the similar standards for the red lamps. Their use and method of activation is 
described in the text. 

'MPVTB = Multipurpose Passenqer Vehicles, Trucks, and Buses. (This does not include trailers.) 

'280" wzdth - "of 80 or more inohes in overall width." 
"one lamp apiece on the Left and Right sides of the vehicle. 

"130' length r "of 30 Or more feet in overall length, inclusive of the tonaue on trailers, and 
irrespective of the vehicle's width." 

 he light from the license plate illumination lamp must be directed onto the license plate. As 
further described in the text, most states' Vehicle Codes prohibit this lamp fromprojecting light 
reaward into the eyes  of other drivers. 

L M P  CATEGORY/ VEHICLES ON SIDE OF XINIMUM LAMP INTENSITY AT LAMP H-V AXIS2 
WIP NAME WHICH REQCIRED VEHICLE NUMBER COLOR Maxlmun CP Minimum CP 

Road Illumination 
Lamps : 

Headlamps ~otorcycle~' Front 1 White 7d000* 10000' 

A11 Other Vehicles 
1 3 0 9 0  3303 

(except Trailers) Front 2 of 7" White 37500- 20000* 
1 5 0 0 0  or - .. - . . - - - - . - - _.  - GOao- - - - 

4 of 5 t ' .  13000' 7030' 

!SO03 6 0 0 0  

Back-up Lamps All Vehicles Rear 1 Whlte 300 8 0 
exceDt Motorcycles 
and Trailers 

s~gnal Lamps: 

Turn Slgnal Lamps Motorcycles Front 2 Yeilow 120 

Rear 2 Yellow 900 120 

or 

Red 180 4 0 

All Other Vehicles 
Iexcept Trailers) Front 2 Yellow 200 

All Other Vehicles Rear 2 yellow 900 200 

or 

Red 300 80 

Stop Signal Lamps Motorcycle. Rear 1 Red 300 8 0 

All Other Vehicles Rear 2 Red 300 8 0 

Soh001 BUS Load- School Busses F m n t  2 '  9=d 600 
ing and Unload- 
in9 hemps 

6 Rear 

Demarcation Lamps: 

Parking Lamps all Vehicles Front 2 White 125 4 
except Trailers, or 
~ ~ ; ; F Y ~ : ' : ~ ~ ; ? ~ ~ ~ ~ ~ ~ ~  Yellow 

Rear Presence Motor~lycles Rear 1 Red 15 2 
Lamps 

A11 Other Vehicles Rear 2 Red 15 2 

Front Side All Vehicles 
Marker Lamps 

Side 
except Motorcycles (near Front) 

21° Yellow 0.62 

Intermediate Side All vahrcles 
Maeker Lamps 

Side 
of 30' Length", (midpoint! 21° 
except Motorcycles 

Yellow 0.62 

Rear side A11 Vehicles Side 2 "  Red 
Marker Lamps except Motorcycles (near Rear1 

0.25 

and Truck Tractors 

License Plate 
Illumination Lamp 

All vehicles Rear 1 White" 

Clearance Lamps MPVTB' and Traflers, Front 2 yellow 0.62 
of 2 80" width 

Same, except  ruck Rear 2 Red 15 0.25 
Tractors 

Identification MPVTB" of 80" width9 Front 3 Yellow 0.62 
Lamps 

MPVTB' and Trailers, 
of 2 80" width' 

Rear 3 Red 15 0.25 

except Truck Tractors 

Front side All Vehicles Side 
Reflex Reflectors except Motorcycles Inear Front! 

2 "  Yellow 

Intermediate Side Ail Vehicles 51de 
Reflex Reflectors of 30' length", (midpoint) 

2" Yellow 

except Xotarcycles 

Rear Side 
Reflex Reflectors 

Raae ~ e f  lex 
Reflectors 

~ l i  Vehicles 
except Truck Tractors 
and Motorcycles 

Motorcycles 

All Other Vehicles 

Side 
(near Rear! 

Rear 

Reax 

2 I P  

i 

2 

Red 

Red 

Red 



TABLE 1.2 .  Explanation of Symbols Used i n  Figures 1.1, 1.2 ,  
and 1.3. 

@ White Back-Up Lamp (s) 

@ Red Brake Signal  Lamp 

@ White (Clear) Headlamp(s) 

@ License P l a t e  Lamp(s) 

Yellow Presence Lamp: Parking Lamp 
Front  Clearance Lamp 
Front I d e n t i f i c a t i o n  

Lamp 
Front  Side Marker 

Lamp 
Intermediate Side 

Marker Lamp (when 
required)  

@ Red Presence Lamp: Rear Clearance Lamp 
Rear I d e n t i f i c a t i o n  

Lamp 
Rear Slde Marker 

Lamp 
Rear Presence Lamp 

@ Yellow Turn Signal  Lamp 

@ Red o r  Yellow Turn Signal  Lamp 

@ Yellow Reflex Ref l e c t o r  

@ Red Reflex Ref lector  



TABLE 1.3. Photometric Performance Standards or Recommended Values of Lamps Intended to 
Show Primarily to the Front of Motor Vehicles (Except Motorcycles). 



Figure 1.1. Lamps visible on the front of vehicles (see Table 
1.2 for an explanation of symbols). 



Number (minimum) : 

Size (Minimum) : - 
Color - 
Location (spacing) : 

Other (general comments) : - 

Source is FMVSS 108 (or SAE 

Standards referenced therein) 

unless otherwise specifically 

attributed. 

Additional performance or use requirements or restrictions L T ~ S S G  

by any state, if at variance with common usage or other nationaily 

recognized criteria, are also cited. 

Headlamps (SAE Standards J579a and J580a, and SAE Recommended 

Practice J584a) . 
Intent. Headlamps are intended primarily to illuminate 

the road surface ahead of the vehicle, The upper beam is a clear- 

road beam intended to illuminate the road surface well ahead of 

the vehicle. The lower beam is intended to be low enough on the 

left to avoid glare in the eyes of oncoming drivers, and is sup- 

posed to be used in congested areas and on highways when meeting 

or closely following other vehicles. A secondary intention of 

the headlamps is to serve as a means of signaling. Specifically, 

flashing headlamps are sometimes used on emergency vehicles. 

Also, the flashing of headlamps in certain codes is used as a 

form of communication between drivers of large commercial vehicles. 

Method of Activation. The headlamp system is manually 

operated. Beam changing within the system is accomplished by 

manual or semi-automatic switching, as prescribed in SAE Standards 

J564b and J565b. 

Number - Size: Automobiles, Trucks and Buses. Two 5 

3/4" type 1 and two 5 3/4" type 2 headlamps; or two 7" type 2 

headlamps. 

Number - Size: Motorcycles. One 5 3/4" type 1 and one 

5 3/4" type 2 headlamps; or one 7" type 2 headlamp; or one of the 

type specified in Table 1.4. (Note: SAE Standard 584, the ver- 



sion included within FMVSS 108, permits single-beam headlamps on 

motor-driven cycles. The revised Standard J584b deletes refer- 

ence to [and the acceptability of] single-beam equipment for motor- 

driven cycles. Motorcycle dual-beam and motor-driven cycle dual- 

or single-beam headlamps have nc size requirements. The revised 

Standard J584b also recognizes fb-)r classes [A, B, C, Dl of motor- 

cycles, see J213.) 

Color. White. - 
Location - Automobiles, Trucks and Buses. Type 2 head- 

lamps must be mounted at the same height, one on each side of the 

vertical centerline, as far apart as practicable. Type 1 head- 

lamps, when required in addition to type 2 headlamps, must be 

mounted at the same height as each other, but need not be mounted 

at the same height as the two type 2 headlamps, one on each side 

of the vertical centerline. The type 2 headlamps must be mounted 

at least as far apart as the type 1 headlamps, where both types 

are used, to meet the above criteria. The mounting height, 

measured from the middle of the headlamp bulb, must be not less 

than 24" nor more than 54" above the level road surface on which 

the vehicle stands. 

Location - Motorcycles. If only one is used, it must 

be on the vertical centerline. If more than one are used to 

meet the above requirements, they must be symmetrically disposed 

about the vertical centerline. 

Other. In most states, the Vehicle Codes require that -- 
w5.e~ two veh,icles approach at night, they each must have switched 

from their upper to their lower headlamp beams when their vehicles 

are at 500 feet. In the remaining states, this requirement varies 

only in the distance by which this beam change must have been 

accomplished. 

The FHWA and some states require that the headlamps be 



TABLE 1.4. Photometric Performance Standards or Recommended Values of Lamps Intended 
to Show Primarily to the Front of Motorcycles. 

SOUICE DF 
STUIDIRDB S A Z  J l 7 9 .  SLE SAZ 
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switched on t h e  lower beam a t  n igh t  when following another veh ic le  

wi thin  a c e r t a i n  dis tance.  

When t h e  upper beam i s  on, a l i g h t e d  p i l o t  lamp with a mini- 

mum area  equivalent  t o  t h a t  of a 3/16" diameter c i r c l e  must be 

p l a i n l y  v i s i b l e  t o  d r i v e r s  of a l l  heights  under normal d r iv ing  

condi t ions  when headlamps a r e  required. The color  of t h i s  p i l o t  

lamp need no t  be red ,  however (Cf. SAE Standards J564a and J564b 

with FMVSS 108 54.5.2.). 

The beam o r  beams from headlamps must meet the  photometric 

spec i f i ca t ions  shown i n  Tables 1.3 and 1.4 except t h s t  a to le rance  

of ?1/4O i n  loca t ion  of t h e  t e s t  po in t  measurement i s  allowed f o r  

each of t h e  points .  

NCUTLO recommends (and some s t a t e s  requ i re )  t h a t  whenever a 

motor veh ic le  equipped with  headlamps i s  a l s o  equipped with any 

a u x i l i a r y  lamps, spot  lamps, o r  any o the r  lamps on the  f r o n t  

thereof p ro jec t ing  a beam of g r e a t e r  i n t e n s i t y  than 300 candelas,  

no t  more than a t o t a l  of four  of any such lamps on t h e  f r o n t  may 

be l i g h t e d  a t  any one time when upon a highway. Some s t a t e s  

ins tead  specify  the  maximum number of lamps permitted on the  f r o n t  

of a vehicle .  

Supplementary Driving Lamps (former SAE Standard J581).  

In ten t .  Driving lamps a r e  intended t o  supplement t h e  

upper beam from headlamps (o the r  than sealed beams), recommended 

SAE Standard J581, which has s ince  been withdrawn. They a r e  no t  

intended f o r  use alone o r  with t h e  " t r a f f i c "  o r  lower headlamp 

beam(s) . 
Method of  Activation. SAE recommended t h a t  the  supple- 

mentary d r iv ing  lamp should be turned o f f  when approaching o r  

c l o s e l y  following o the r  c a r s ,  and t h a t  the  switching should be 

s o  arranged t h a t  when t h e  supplementary d r iv ing  lamp switch c losed,  

t h e  lamp w i l l  be l i g h t e d  only when t h e  upper beam from the  regu- 

l a r  headlamps i s  i n  use. 



Number. NCUTLO recommends that no more than two be 

used on a vehicle. 

Size. No recommendations exist. - 
Color. SAE recommended white. 

Location. NCUTLO recommends they be located on the 

vehicle's front at a height of not less than 16 inches nor more 

than 42 inches above the level road surface on which the vehicle 

stands. 

Other. SAE recommended the photometric specifications 

shown in Table 1.3 when the driving lamp is aimed to center the 

maximum intensity on the photometric axis, except that when the 

maximum exceeds 25,000 candelas, the 25,000 candelas point directly 

above the maximum intensity should be aimed at the photometric 

axis. The maximum anywhere not lower than ID should be not greater 

than 50,000 candelas. An aiming tolerance of t1/4O should be 

allowed for manufacturing variances. An additional tolerance of 

t20% should be allowed for 12-volt filaments. 

Supplementary Passing Lamps Standard J582) . 
Intent, Passing lamps are intended to supplement the 

lower beam of the headlamps, including sealed beam headlamps. 

Method of Activation. 

automatic operation. The unit 

ing winding roads and in conges 

be wired so that it can be turn 

SAE suggests manual or semi- 

should be turned off when travel- 

ted areas in cities. It should 

.ed on or off only with the lower 

beam of the regular headlamps. 

Number. NCUTLO recommends that no more than two be used 

on a vehicle. 

Size. No recommendations exist. - 
Color. SAE recommends white. - 



Location. NCUTLO recommends they be located on the 

vehicle's front at a height of not less than 24 inches nor more 

than 42 inches above the roadway surface. 

Other. SAE recommends that for greatest visibility, - 
with reasonable limitation of $-are to approaching drivers, the 

left edge of the stray light imyediately to the left of the high 

intensity zone should be aimed at the vertical line through the 

lamp center, at 25 feet. The top of the high intensity zone should 

be aimed at the level of the passing lamp center at 25 feet, car 

unloaded. If means are provided to permit turning the passing 

lamp on or off conveniently, when the lower beam is on, without 

removing the hands from the steering wheel, an aim 3 inches higher 

than that recommended above is desirable. An aiming tolerance of 

+1/4O should be allowed on individual test points. An additional 

tolerance of +20% should be allowed for 12-volt filaments. 

Fog Lamps (SAE Standard 5 5 8 3 ~ ) .  

Intent. Fog lamps are intended to supplement or replace 

lower beam headlamps in providing road illumination under condi- 

tions of rain, snow, dust, or fog. 

Method of Activation. No recommendations exist. 

Number. - NCUTLO recommends that not more than two be 

used on a vehicle. 

Size. No recommendations exist. 
_CIC 

Color. SAE recommends white or yellow. - 
Location. NCUTLO recommends that the lamps should be - 

located not lower than 12 inches nor more than 30 inches above 

the road surface. Also, the lamps should be so aimed that when 

the vehicle is not loaded, none of the high-intensity portion of 

the light to the left of the center of the vehicle shall, at a 

distance of 25 feet ahead, project higher than a level of 4 inches 

below the level of the center of the lamp from which it comes. 



Other. The HUF summary of fog lamp provisions in the - 
various State Vehicle Codes states: "Considerable variations in 

phraseology is found in the several state regulations. Several 

of the states make the distinction between auxiliary driving lamps, 

passing lamps, and fog lamps provided by the Uniform Code. The 

majority, however, specify the number of lamps pxmitted, zbie 

location of such lamps and the manner of use. Such lamps in nany 

jurisdictions are to be used only in case of adverse weather or 

under conditions causing headlight illumination to be ineffective. 

Some states make spec:ific provisions for fog lights, others have 

provisions which specify auxiliary lighting equipment. It appears 

that reference to lamps located 12 to 30 inches above the highway 

are fog lights, and those 16 inches to 42 inches are auxiliary 

lamps." SAE Standard J583c differentiates between symmetrical 

beams and assymetrical beams insofar as the aiming instructions 

for the photometer tests are concerned. A tolerance of +1/4O 

should be allowed for any test point. An additional tolerance of 

+20% should be allowed for out-of-focus tests on nansealed beam 

units. 

Front Turn Signal Lamps (SAE Standards J588dI J588e, and 

J575d, and SAE Recommended Practice J131a). 

Intent. Front turn signal lamps indicate the intent to 

change direction by flashing the lamp on the side toward which 

the turn will be made. 

Method of Activation. The signal must be able to be 

activated and cancelled manually, and may in addition be auto- 

matically cancellable (see SAE Standard J589a). 

Number. Two on all vehicles, excluding trailers. 

Size. Those multipurpose passenger vehicles, trucks, - 
and buses of 80 or more inches overall width must be equipped 

with front turn signal lamps which have an effective projected 



luminous area of not less than 12.0 square inches. All passen- 
ger cars, motorcycles (except as noted above), and also those 

multipurpose passenger vehicles, trucks, and buses of less than 

80 inches overall width, must be equipped with front turn signal 

lamps which have an effective projected luminous area of not less 

than 3.5 square inches. 

If multiple compartment or multiple lamp arrangements are 

used to meet the photometric requirements of a front turn signal 

lamp on passenger cars or motorcycles, or on those multipurpose 

passenger vehicles, trucks, and buses of less than 80 inches over- 

all width, the effective projected luminous area of each compart- 

ment or lamp must be not less than 3.5 square inches. FMVSS 108, 

probably through oversight, does not currently extend this require- 

ment to multipurpose passenger vehicles, trucks, and buses of 80 

or more inches overall width. SAE does not recommend such for 

these latter classes of vehicles. 

Color. Amber. However, all states permit white. Some 

do not require a specific color, other than to prohibit the use 

of red or blue. 

Location. The front turn signal lamps must be mounted 

at or near the front of the vehicle, at the same height but not 

lower than 15 inches nor higher than 83 inches (as measured to 

their optical axes) from the level road surface on which the vehi- 

cle stands, and as far apart from each other as practicable. 

When used on motorcycles, the lamps must have a horizontal 

separation distance of not less than 16 inches, and must have an 

edge-to-edge separation distance from the headlamp(s) of not less 

than 4 inches. On other vehicles required to have front turn sig- 

nal lamps, the optical axis must be at least 4 inches from the 

inside diameter of the retaining ring of the headlamp unit pro- 

viding the lower beam on that side of the vehicle. 



SAE recommends that the optical axes of the front turn 

signal lamps should also be at least 4 inches from the lighted 

edge of any other lamps, such as fog lamps or passing lamps, 

which are used to supplement or replace the lower headlamp beam, 

unless the ratio of the projected light outputs between the front 
-.,- 

turn signal lamp and such other lamps is at least 5:l at 9-V, T L - ~ U ,  

H-5R, and 5U-V, and in addition is at least 3 : l  at all other test 

points above the horizon from 20L to 20R. 

Other. The minimurn photometric requirements for single 

compartment yellow turn signal lamps have been grouped into "zones," 

comprised of the cumulative minimum values of the test points in 

each of the seven zones designated [37 F.R. 213281. Furthermore, 

increased group photometric requirements for multiple compartment 

yellow turn signal lamps, identical to the SAE recommendations in 

J588e, are being adopted effective September 1, 1974. No previous 

multiple compartment photometric requirements for yellow turn 

signal lamps (Class A or Class B) were formally specified. (Infor- 

mally, the specifications of J588e have been suggested by the 

NHTSA. ) 

When a parking lamp is optically combined with the front turn 

signal lamp, the ratio of the projected light outputs between the 

front turn signal lamp and the parking lamp must be at least 5:l 

at H-V, H-5L, H-5R, and 5U-V, and in addition must be at least 3:l 

at all other test points on or above the horizon. 

SAE recommends that, if multiple compartment or multiple 

lamp arrangements are used for front turn signals on vehicles 

less than 80 inches in overall width, and the distance between 

optical axes does not exceed 22 inches for two-compartment or 

two-lamp arrangements on such vehicles, and does not exceed 16 

inches for three-compartment or three-lamp arrangements on such 

vehicles, then the combination of the compartment or lamp arrange- 

ments should be used to meet the photometric requirements for the 

corresponding number of lighted sections (see Table 1.3). Further- 



more, if the parking lamp and the turn signal lamp functions are 

optically combined, the ratio of the projected light outputs should 

be computed with all compartments or lamps lighted. However, if 

the distance between optical axes exceeds the above dimensions, 

each compartment or lamp should comply individually with the photo- 

metric requirements for one 1igI.ted section, and should individu- 

ally have an effective projected luminous area of not less than 

3.5 square inches. In this latter instance, if the parking lamp 

and turn signal lamp functions are optically combined, the ratio 

of their projected lighted outputs should be computed only for 

those compartments or lamps where the two functions are actually 

optically combined, not for the whole array. 

SAE further recommends that for vehicles of 80 or more inches 

in overall width, a maximum of two compartments or lamps per side 

may be mounted closer together than 2 2  inches provided that each 

compartment or lamp meets the single compartment photometric 

requirements and has an effective projected luminous area of not 

less than 12 square inches. Although not specifically stated, 

this recommendation presumably also permits two or more lamps or 

compartments on each side with optical axes 22 or more inches 

from each other, but only so long as each lamp or compartment 

individually meets the photometric requirements for a single 

lighted section, and has an effective projected luminous area of 

not less than 12 square inches apiece. 

The flashing signal light output from a double-faced turn 

signal lamp nust not be obliterated when subjected to external 

2-iqhf rzys  from eit .her in front or behind. 

Additional requirements exist about not obscuring the visi- 

bility of the front turn signal lamps by other parts or sections 

of the vehicle. 



The various states require that when activated, the front 

turn signal lamps be visible at certain distances in normal sun- 

light, but not be glaring. The minimum distances vary with 

vehicle type (width, commercial application, etc.), but in all 

cases where specified, range between 100 and 500 feet. 

NCUTLO recommends (and FHWA requires) that tarn slcjnals riot 

be flashed on one side only [ieft, or right] to indicate a parked 

or disabled vehicle. FHWA further requires that no turn signal 

lamp be combined with any headlamp or other lighting device or 

combination of lighting devices capable of producing a greater 

intensity of light than the turn signal when the latter is acti- 

vated. 

By reference to SAE J588d within FMVSS 108, the following is 

required: if any turn signal lamp is not readily visible to the 

driver, there shall be an illuminated indicator to give him a 

clear and unmistakable indication that the turn signal system is 

turned "on." Except on truck tractor-trailer combinations using 

variable load flashers, failure of one or more turn signal lamps 

to operate should be indicated by a "steady on," "steady off" or 

by a significant change in the flashing rate of the illuminated 

indicator. The illuminated indicator shall consist of one or 

more bright lights flashing at the same frequency as the signal 

lamps, and shall be plainly visible to drivers of all heights when 

seated in normal position in the driver's seat, while driving in 

bright sunlight. The illuminated indicator may be supplemented 

by an audible signal. If the illuminated indicator is located 

inside the vehicle, for example in the instrument cluster, it 

should emit a green color and have a minimum area equivalent to 

a 3/16 inch diameter circle. If the illuminated indicators are 

located on the outside of the vehicle, for example on the front 

fenders, they should emit a yellow color and have a minimum area 

of 0.1 square inch. 



Front Traffic Hazard Warning Lamps (SAE Standards J588d, 

J588e, J575d, and J910a, and SAE Recommended Practice 3945). 

Intent. Front traffic hazard warning lamps indicate 
d 

the presence of a vehicular hazard by flashing the front left and 

right turn signal lamps. 

Method of Activation. Activation must be independent 

of the setting of the ignition switch, If requiring the opera- 

tion of more than one switch, they must be able to be actuated 

simultaneously with a single driver action. 

Number. Two, at least one on either side of the front 

of the vehicle, except none are required on trailers (or semi- 

trailers) or on motorcycles (or motor-driven cycles). 

Size. No requirements exist apart from those previously - 
outlined for front turn signal lamps. 

Color. No requirements exist apart from those previously - 
outlined for front turn signal lamps. 

Location. No requirements exist apart from those pre- 

viously outlined for front turn signal lamps. 

Other. In addition to the comments made about front 

turn signal lamps, the following points should be made: 

1. For vehicles equipped with left- and right-hand turn 

signal pilot indicator lamps, both pilots must flash simulta- 

neously while the hazard warning system is activated. 

2, In vehicles equipped with a single turn signal pilot 

indicator lamp, a separate hazard warning pilot indicator lamp 

must flash (and the turn signal pilot indicator lamp may flash) 

when the hazard warning system is activated. 

3. If a separate hazard pilot indicator lamp is used, it 

must be red in color and must have an area equivalent to an 0.5 

inch diameter circle or greater. 



4. The operating motion of the hazard warning signal switch 

must be different from the actuating motion of the turn signal 

switch. 

Some states specify that the hazard warning lamps may be used 

only when 

stop. 

the vehicle 

Some make 

is not in motion, when it is being brought 

specific requirements for rural mail dellvery 

vehicles, and then in some cases the lamps are allowed or required 

to flash alternately instead of simultaneously. Otherwise, most 

states require the front hazard warning lamps flash simultaneously 

when activated. Some states specify that the lamps rural mail 

delivery vehicles must be hood mounted, and/or may emit a red 

color to the front. 

All states permit white to be used for front hazard warning 

lamps. Some make no restrictions on the colors, while some pro- 

hibit red, blue, and/or green. 

One state permits the use of hazard warning sign lamps only 

at night. 

Many states have a minimum distance at which these lamps must 

be visible at night, ranging from 100 to 1500 feet. Some specify 

instead that the minimum distance of 100 feet be the criterion in 

bright sunlight. 

Front School Bus Loading and Unloading Lamps (SAE Standard 

J887). 

Intent. School bus loading and unloading lamps identify 

a vehicle as a school bus and inform other drivers that such 

vehicle is stopped on the road ahead to take on or to discharge 

school children. (In most states, traffic approaching a loading 

or unloading school bus from either in front or behind must come 

to a complete halt until the loading or unloading process is corn- 

pleted. ) 



Method of Activation. These lamps must be controlled 

by a manually actuated switch. Where System B (as described 

below) is used, the signal system must be wired so that the yellow 

signal lamps are activated only by manual or foot operation, and 

if activated, are automatically deactivated and the red signal 

lamps automatically activated when the bus entrance door is opened. 

Number and Color. System A - two red lamps; system B - 
two red lamps, and two yellow lamps. 

Size. The effective projected luminous area must be - 
not less than 19 square inches. 

Location. System A - they must be mounted as high as 
possible above the front windshield and at the same height, and 

as far apart as possible, but in no case less than 40 inches from 

each other, measured edge to edge. System B - the red lamps are 
mounted in the same location as in System A above. The yellow 

lamps are mounted immediately inboard, towards the vertical cen- 

terline of the bus, from each of the red lamps and at the same 

height as each other and the red lamps. 

Other. The lamps must flash alternately at a rate 

between 60 to 120 cycles per minute. The "on" period of the 

flasher must be long enough to permit the bulb filament to come 

to full brightness. There must be a visible or audible means of 

giving a clear and unmistakable indication to the driver when the 

signal lamps are turned on. Further requirements exist as to not 

permitting any part of the vehicle to obstruct the visibility of 

the lamps within certain angles of view. 

SAE recommends that the area of the vehicle immediately sur- 

rounding the signal lamp be painted black. This recommendation 

is specifically exempt in FMVSS 108 from the Federal requirements. 



When System B is used, the yellow lamps must be at least 

two and one half times brighter than the specifications in SAE 

Standard J887 for red signal lamps. 

The aiming pads on the lens face mentioned in SAE Standard 

J887 are also exempt in FWSS 108. 

The various states probably specify whether System A or 

System B may be used within their jurisdictions. No summary of 

lamp requirements or prohibitions, nor of conditions or prohi- 

bitions of use in the various states is readily available for 

this review, 

Flashing Warning Lamps for Authorized Emergency, Mainten- 

ance, and Service Vehicles (SAE Standard J595b). 

Intent. The lamps covered in this section are for use 

on authorized emergency, maintenance, and service vehicles. 

Method of Activation. No specifications or recommenda- 

tions exist. 

Number. SAE recommends that there be two on the vehicle 

front. 

Size. SAE recommends each lamp have an area of not less - 
than 12 square inches. 

Color. SAE recommends the color be yellow or red. 

Location. SAE recommends that the lamps be mounted as 

high as practicable, and as far apart as practicable, but in no 

case should the lateral spacing be less than three feet. The 

location of the front lamps should be such that they can be clearly 

distinguished when the headlamps are lighted on lower beam. 

Other. SAE recommends that these warning lamps should 

flash at 60-120 cpm. The "on" period of the flasher should be 

between 30% and 75%. (In comparison with turn signal hazard warn- 



ing signal flasher requirements, SAE Standards J590c and J945 

respectively, the time period and phase recommendations of SAE 

Standard J595b, covering these emergency lamps, encompasses the 

entire area within the rectangle, not merely the unshaded area.) 

There should be a visible or audible means of giving a clear and 

unmistakable indication to the c7river when the warning lamps are 

turned "on" and functioning normzlly. To improve the effective- 

ness of the signal, SAE recommends that, where practicable, the 

area of the vehicle immediately surrounding the signal be painted 

black. 

The various states set specific standards as to what color 

of flashing warning lamps (other than hazard flashing lamps 

utilizing the turn signal lamps) may be used on various types 

and authorizations of vehicles. The circumstances of permissible 

use are also covered. No summary of uses in the various states 

is readily available for this review. 

Three-Hundred and Sixty Degree Revolvinq Beacon Lamp (SAE 

Recommended Practice J845). 

Intent. The lamps are intended for use on authorized 

emergency vehicles, and emit light 3 6 0 '  through the horizontal 

plane passing through the lamp. 

Method of Activation. SAE recommends that such beacon 

lamps be provided with an illuminated switch or pilot indicator 

to give the driver a clear and unmistakable indication that the 

beacon lamp is turned on. 

xunber. No recommendations exist. -- 
Size. SAE recommends that the specific style or model - 

of beacon lamp be chosen with reference to its performance char- 

acteristics and the requirements needed for the specific applica- 

tion. Otherwise, SAE recommends that the beacon lamp have an 

effective projected luminous area of not less than 16 square inches. 



Color. SAE recommends that beacon lamps be yellow or - 
red when used in highway emergency service missions. The vari- 

ous states establish permissible colors for beacon lamps in their 

respective Vehicle Codes. The use of blue, green, and white has 

also been observed. 

Location. The beacon lamps should be coantec to i~rovide 

360' visibility at a11 times. 

Other. SAE recommends that the device project a bean - 
of light having a vertical spread of at least lo0, extending a 

minimum of 5' above and below the horizontal axis of the light 

source. The flash rate observed from a fixed position should be 

60-120 cpm. When the flash rate is produced by a current inter- 

ruption, the "on" period should be long enough to permit the 

bulb to come to full brightness. 

No summary of the performance requirements, or of the use 

permissions or prohibitions in the various states is available 

for this review. 

Parking Lamps (SAE Standard J 2 2 2 ) .  

Intent. Whether separate or in combination with other 

lamps, parking lamps are intended to show to the front of the 

vehicle and to mark the vehicle when parked, or to show the dimen- 

sion of the front of the vehicle if one or more of its headlamps 

are not properly functioning. 

Method of Activation. The lamps must be able to be 

activated manually, and must be lighted automatically upon the 

activation of the headlamp system in a steady-burning state. 

Number. Two on all vehicles, excluding motorcycles, 

trailers, and those multipurpose passenger vehicles, trucks, and 

buses of 80 or more inches overall width. 

Size. No recommendations exist. - 



Color. White or yellow. - 
Location. One on each side of the vertical centerline, - 

at the same height and as far apart as practicable. The mount- 

ing height must be not less than 15 inches nor more than 72 inches 

from the level roadway on which the vehicle stands. 

Other. The intensity ~equirements are shown in Table 1.2. 

The minimum photometric requirements for parking lamps have 

been grouped into "zones," comprised of the cumulative minimum 

values of the test points in each of the seven zones designated 

[37 F. R. 213281. 

In addition, if the parking lamp is optically combined with 

the turn signal lamp, and the parking lamp is connected to be 

operated with the headlamps, their relative intensities must meet 

or exceed certain proportions, as discussed previously in the 

section on front turn signal lamps. 

NCUTLO recommends and most states require that, when the 

vehicle is parked, the headlamps must also be "depressed or 

dimmed." Presumably this means the headlamps should either be 

turned off altogether, or if left on, should not be on high beam. 

The states themselves mostly refer to "dimmed," rather than 

"depressed." 

Front Clearance Lamps (SAE Standard J592c and J592e). 

Intent. The front clearance lamps show to the front 

and are intended to indicate overall width of the vehicle. 

Method of ~ctivation. No specifications exist. Usually 

t h e  f r o n t  clearance lamps are manually activated, sometimes as an 

integral part of the headlamp and/or parking/taillamp circuitry. 

Number. Two front clearance lamps are required on those 

multipurpose passenger vehicles, trucks, trailers, and buses of 

80 or more inches overall width. 



Size. No recommendations exist. - 
Color. Yellow, - 
Location. One must be located on either side of the 

vertical centerline, at the same height, as near the top as prac- 

ticable, to indicate overall width of the vehicle. On a truck 

tractor, front clearance lamps mounted on che cab nay be Located 

to indicate width of the cab, rather than the overall width of 

the vehicle. 

Other. No clearance lamp may be combined optically - 
with any identification lamp. Boat trailers need not be equip- 

ped with clearance lamps at the front and rear provided that a 

yellow (to front) and red (to rear) clearance lamp is located at 

or near the mid-point on each side of the trailer so as to indi- 

cate its extreme width when viewed from the front or rear. In 

a small number of states, other required or permitted types of 

clearance lamp systems are found: only one lamp instead of two 

on the front, green and white as optional colors to yellow, a 

60-inch height limitation, etc. 

SAE Standard J592c is incorporated by reference into FMVSS 108. 

This standard has since been revised to remove the following test 

points for front clearance lamps: H-30L and R, H-20L and R, and 

H-1OL and R. 

Front Identification Lamps Standard J592c and J592e). 

Intent. Identification lamps are to identify vehicles 

that are over a certain width. 

Method of ~ctivation. No specification exists. Usually 

these are activated in the same manner as clearance and side- 

' marker lamps. 

Number. Three front identification lamps are required 

on those multipurpose passenger vehicles, trucks, and buses of 



80 or more inches overall width. They are not required on trailers, 

regardless of width, in the FMVSS 108 manufacturing standards. 

However, some of those few states which require front identifica- 

tion lamps on any vehicles at all extend that requirement to 

include trailers, or semi-trailers, or both. FHWA requires front 

identification lamps on both trailers and semi-trailers also, 

Size. No specifications exist. - 
Color. Yellow, Two of the states requiring front iden- 

tification lamps also permit white. 

Location. They must be mounted on the rear as close to 

the top of the vehicle as practicable, all at the same height, 

as close as practicable to the vertical centerline, with lamp 

centers spaced not less than 6 inches nor more than 12 inches apart. 

Other. FHWA requires front identification lamps on all 

truck tractors, but permits those whose cab is not more than 42 

inches wide to have just a single identification lamp, at the 

center of the cab. 

SAE Standard J592c is incorporated by reference into FMVSS 

108. This standard has since been revised to remove the follow- 

ing test points for front identification lamps: H-30L and R, 

H-20L and R, and H-1OL and R. 

Other Lamps Visible to the Front of Vehicles. A small number 

of other types of forward-facing lamps can also be identified, 

although no standards or recommendations exist for their use. 

Included in this group are the following: 

1. Bocd ornanent lamps 

2. Grill decoration lamps 

3. Running lamps 

4.  orw ward-facin,g brake signal lamps 
5. Reflex reflectors (including reflectorized license plates) 



FMVSS 108 states that "no additional lamp, reflective device, 

or other motor vehicle equipment shall be installed that impairs 

the effectiveness of lighting equipment required by this standard." 

Further, "In addition, no part of the vehicle shall prevent the 

device from meeting the photometric output at any test point speci- 
. - 

fied in any applicable SAE Standard or Recorzendea Practice. ~ c w -  

ever, if motor vehicle equipment (e.g., mirrors, snowpiows, 

wrecker booms, backhoes, and winches) prevents compliance with 

this paragraph by any required lamp or reflective device, an aux- 

iliary lamp or device meeting the requirements of this paragraph 

shall be provided." 

As discussed later in this review, the definition of "impairs 

the effectiveness" needs additional consideration, especially con- 

cerning "veiling effects" of additional lighting equipment, etc. 

LAMPS VISIBLE ON THE SIDES OF VEHICLES. Figure 1.2 shows 

the location of lamps visible on the sides of vehicles, and 

Table 1.5 shows their required or recommended photometric levels. 

Those requirements referenced within FMVSS 108 are printed in 

standard type; those recommended in the 1973 SAE Handbook but not 

included in FMVSS 108 are printed in italics. 

Cornering Lamps (SAE J852b) . 
Intent. Cornering lamps are intended to supplement the 

headlamps by providing additional illumination in the direction of 

the turn. 

Method of Activation. SAE recommends that cornering 

lamps be turned on by the turn signal switch or by another suit- 

able means and that they should turn off when the turn signal 

lamps are turned off. If the cornering lamps are not turned off 

automatically, a visible or audible warning should be provided to 

indicate to the driver that the lamps are on. Cornering lamps are 

primarily intended to be used during times that the headlamps are 

required. 



Figure 1 . 2 .  ;amps visible on the sides of vehicles (see Table 1.2 
for an explanation of symbols). 

Note: Intermediate side marker lamps and reflectors are not 
required on vehicles less than 30 feet in overal length. 



TABLE 1.5. Photometric Performance Standards or Recommended Values 
of Lamps Intended to Show Primarily to the Sides of 
Motor Vehicles. 

C o o r d i n a t e s  

5 0 0  200 

OVERALL 
MAXIMUM 

SOURCE 3F SAE 
STANDARDS J852b 

SAE 
J9i4 

OVERALL 
MAXIMLiM 

SA E SAE SOURCE OF 
5845 J592c STANDAR3S 

t The V a x i s  f o r  t h e  above p h o t o m e t r i c  v a l u e s  i s  p e r p e n d i o u l a r  t o  t h e  v e h i c l e ' s  l o n g i -  
t u d i n a l  a x i s .  The 'IF" and "B" c o o r d i n a t e s  a r e  towards  t h e  " F r o n t "  and "Back" o f  t h e  
v e h i c l e  r e s p e c t i v e l y .  The "F" and "B" c o o r d i n a t e s  were used  i n s t e a d  o f  t h e  o r i g i n a l  
"L" and "R"  to a v o i d  t h e  c o n f u s i o n  between l e f t  and r i g h t  s i d e s  of  t h e  v e h i c l e .  The 
o r i g i n a l  s t a n d a r d s  f o r  S i d e  Turn S i g n a l  Lamps and  C o r n e r i n g  Lamps were g i v e n  i n  coor -  
d i n a t e s  h a v i n g  a  V  a x i s  p a r a l l e l  t o  t h e  v e h i c l e ' s  l o n g i t u d i n a l  a x i s ,  f a c i n g  f o r w a r d  
acd  r e a r w a r d  r e s p e c t i v e l y ;  t h e s e  c o o r d i n a t e s  have been  t r a n s l a t e d  i n t o  t h e  above  T a b l e .  



Number. SAE recommends that two be used, one each on 

the left and right sides of the vehicle. 

Size. No recommendations exist. 

Color. SAE recommends white or yellow. 

Location. No recommendations exist. 

Other. SAE recommends that cornering lamps be steady- 

burning when activated. 

Side Turn Signal Lamps ( S A E  Recommended Practice J914). 

Intent. A side turn signal lamp is a lamp mounted on 

the side of a vehicle which flashes in unison with the front and 

rear turn signal lamps to indicate the intention of the vehicle 

to change direction toward the side on which the signal lamp is 

flashing. 

Method of Activation. S A E  recorrunends that the front 

and rear turn signals flash in phase. 

Number. SAE recommends that two be used one on each 

side of the vehicle. SAE Recommended Practice 5914 applies to 

side turn signal lamps intended for use on trucks and buses over 

80 inches in width. 

Size. No recommendations exist. -- 
Color. SAE recommends yellow. 

Location. SAE recommends the side turn signal lamps - 
be located oc the vehicle's sides at a height not less than 36 

inches nor more than 7 2  inches from the road surface. 

Other. SAE recommends that there be an illuminated 

indicator, which could be the same as the regular turning signal 

indicator. Except on towed vehicle combinations using variable- 

load flashers, the failure of a side turn signal to operate should 

be indicated by a "steady on" or "steady off" of the illuminated 

indicator. 

4 2  



Three-Hundred and Sixty Degree Revolving Beacon Lamp (SAE 

Recommended Practice J845 )  . 
Intent. The lamps are intended for use on authorized 

emergency vehicles, and emit light 360' through the horizontal 

plane passing through the lamp. 

Method of Activation. SAE recommends that such beacon 

lamps be provided with an illuminated switch or pilot indicator 

to give the driver a clear and unmistakable indication that the 

beacon lamp is turned on. 

Number. No recommendations exist. 

Size. SAE recommends that the specific style or model - 
of beacon lamp be chosen with reference to its performance char- 

acteristics and the requirements needed for the specific applica- 

tion. Otherwise, SAE recommends that the beacon lamp have an 

effective projected luminous area of not less than 16 square 

inches. 

Color. SAE recommends that beacon lamps be amber or 

red when used in highway emergency service missions. The vari- 

ous states establish permissible colors for beacon lamps in their 

respective Vehicle Codes. The use of blue, green, and white has 

been observed. 

Location. The beacon lamps should be mounted to provide 

360' visibility at all times. 

Other. SAE recommends a beam having a vertical spread - 
of at least lo0, extending a minimum of 5' above and below the 

horizontal axis of the light source. The flash rate should be 

60-120 cpm. When the flash rate is produced by a current inter- 

ruption (vs. rotation or complete rotation of the lamp), the "on" 

period should be long enough to permit the bulb to come to full 

brightness. 



No summary of the performance requirements, or of the use 

permissions or prohibitions in the various states is available 

for this review. 

Front Side Marker Lamps (SAE Standards J592c and J592e). 

Intent. Side marker  amps are intended to show the 

overall length of a vehicle w h e ~  viewed from the side. 

Method of Activation. On all passenger cars, and on 

those multipurpose passenger vehicles, trucks, and buses of less 

than 80 inches overall width, the side marker lamps must be 

activated with the parking lamps and the headlamps. 

Number. Two, one on each side, except that none are 

required on motorcycles. 

Size. No recommendations exist. - 
Color. Yellow. - 
Location. Front side marker lamps must be located as 

far to the front of the vehicle as practicable, exclusive of the 

tongue on trailers and semi-trailers, and must be mounted not 

less than 15 inches from the road surface. 

Other. The means may be provided to flash side marker 

lamps for signaling purposes. The required inboard photometric 

standards for front side xarker lamps for all vehicles less than 

80 inches in overall width can be met at a single inboard horizon- 

tal angle, on the line formed by the intersection of two vertical 

planes, one at a distance of 15 feet from the vehicle and parallel 

to its lonqikudinal axis, and a second perpendicular to the longi- 

tudinal axis and located midway between the front and rear side 

marker lamps. 

Some states permit white as well as yellow. Most states 

require front side marker lamps only on those buses, trucks, and 



trailers in excess of 80 inches in width, and/or 30 feet in 

length, or over a certain weight. 

SAE Standard J592c is incorporated by reference into FMVSS 

108. This standard has since been revised to remove the follow- 

ing test points for front side marker lamps: H-30L and R, B-20L 

and R I  and H-1OL and R. 

Intermediate Side Marker Lamps (SAE Standards J592c and J592e). 

Intent. Intermediate side marker lamps indicate a vehi- 

cle greater than a certain length. 

Method of Activation. On all passenger cars and notor- 

cycles, and on those multipurpose passenger vehicles, trucks, and 

buses of less than 80 inches overall width, the side marker lamps 

must be activated with the parking lamps and the headlamps, 

Number. All vehicles of 30 or more feet in overall 

length must have two, one on each side. (Note: Figure 1.2 shows 

intermediate side marker lamps only on trucks, tractors, and 

trailers, since no conventional motorcycles or passenger cars are 

as long as 30 feet.) 

Size. No recommendations exist. - 
Color. Yellow. 

Location. The intermediate side marker lamp must be 

located at or near the midpoint between the front and rear side 

marker lamps, and must be mounted not less than 15 inches from 

the road surface. 

Other. The means may be provided to flash side marker 

lamps for signaling purposes. The special inboard photometric 

standard mentioned for front and rear side marker lamps cannot be 

held to apply, since all test points for the intermediate side 

marker lamp are outboard, irrespective of the 80-inch width. 



Some states require intermediate side marker lamps on vehi- 

cles manufactured prior to the time of the date of effect of the 

Federal manufacturing requirement. Some permit red in place of 

or in addition to yellow. Some variation exists as to the type 

of vehicle required to have intermediate side marker lamps, most 

states not requiring any vehicl~s to have them. 

SAE Standard incorporated by reference into FMVSS 

108. This standard has since been revised to remove the follow- 

ing test points for intermediate side marker lamps: H-30L and R, 

H-20L and R, and H-1OL and R. 

Rear Side Marker Lamps (SAE Standards J592c and J 5 9 2 e ) .  

Intent. Side marker lamps are intended to show the 

overall length of a vehicle. 

Method of Activation. On all passenger cars and motor- 

cycles, and on those multipurpose passenger vehicles, trucks, and 

buses of less than 80 inches overall width, the side marker lamps 

must be activated with the parking lamps and the headlamps. 

Number. All vehicles must have two, one on each side, -- 
except that none are required on motorcycles. 

Size. No recommendations exist. - 
Color. Red. - 
Location. - The rear side marker lamps must be located 

as far to the rear of the vehicle as practicable, and must be 

mounted not less than 15 inches from the road surface. 

Other. The Ream nay be provided to flash side marker --- 
laps for signaling purposes. The required inboard photometric 

standards fox rear side marker lamps for all vehicles less than 

80 inches in overall width can be met at a single inboard hori- 

zontal angle, on the line formed by the intersection of two ver- 

tical planes, one at a distance of 15 feet from the vehicle and 



parallel to its longitudinal axis, and a second perpendicular to 

the longitudinal axis and located midway between the front and 

side rear marker lamps. 

Most states require rear side marker lamps only on those 

buses, trucks, and trailers in excess of 80 inches in width, and/or 

30 feet in length, or over a certain welght. 

SAE Standard J592c is incorporated by reference into FMVSS 

108. This standard has since been revised to remove the follow- 

ing test points for rear side marker lamps: H-30L and R, H-20L 

and R, and H-1OL and R. 

Front Side Reflex Reflectors (SAE Standards J594d and J594e). 

Intent. Reflex reflectors are intended to indicate the 

presence of a vehicle to an approaching driver by reflecting back 

to him light from his own approaching vehicle, 

Method of Activation. None required. 

Number, There must be two, one on each side. 
d 

Size. No recommendations exist. - 
Color. Yellow. - 
Location. The reflector must be mounted as far to the 

front as possible, exclusive of the tongue on trailers and semi- 

trailers, and must be mounted not less than 15 inches nor more 

than 60 inches from the road surface. 

Other. Some states require front side reflex reflectors - 
only on certain classes of vehicles, determined by width, length, 

or weight. Most states require them on all new motor vehicles, 

Most jurisdictions specify a minimum mounting height of 20 to 24 

inches, although some go as low as 15 inches. 

Intermediate Side Reflex Reflectors (SAE Standards J594d and 

J594e). 

Intent. Reflex reflectors are intended to indicate the 



presence of a vehicle to an approaching driver by reflecting back 

to him light from his own vehicle. 

Method of Activation. None required. 

Number. There must be two, one on each side, except 

none are required on  motorcycle^. nor are any required on any 
vehicle less than 30 feet in overall length, irrespective of 

width. (This assumes that FMVSS 108 use of "side intermediate 

marker device" includes reflex reflectors.) 

Size. No recommendations exist. - 
Color. Yellow. - 
Location. The intermediate side reflex reflector must 

be located on the side, at or near the midpoint between the front 

and rear side reflex reflectors, mounted not less than 15 inches 

nor more than 60 inches from the road surface. 

Other. Less than a half-dozen states currently require 

intermediate side reflex reflectors, and then primarily as a 

replacement for (rather than in addition to) front and rear side 

reflex reflectors. FHWA requires this device only on trailers 

and semi-trailers of 80 or more inches overall width and 30 or 

more feet in overall length. All other jurisdictions specify a 

minimum mounting height of 20 to 24 inches. 

Rear Side Reflex Reflectors (SAE Standards J594d and J594e). 

Intent. Reflex reflectors are intended to indicate the 

presence of a vehicle to an approaching driver by reflecting back 

to him light from his own approaching vehicle. 

Method of Activation. None required. 

Number. There must be two, one on each side (left and 

right), except that none are required on truck tractors. 

Size. No recommendations exist. - 



Color. Red. 

Location. The device must be located on the side of 

the vehicle, as far to the rear as practicable, and mounted not 

less than 15 nor more than 60 inches from the road surface. 

Other. Most jurisdictions specify a minimm mounting 

height of 20 to 24 inches, although some allow as low as 1 5  inches. 

Some states require rear side reflex reflectors only on certain 

classes of vehicles, distinguished by width, length, or weight. 

Most states require them on all new vehicles. Many require them 

(or, more properly, fail to exclude them from the requirements) 

truck tractors. 

External Turn Signal Indicator Lamps (SAE Standards J588d 

and J588e). 

Intent. To the extent that an externally-mounted turn 

signal indicator lamp is visible to other drivers, it conveys 

information in much the same way as does a side-mounted turn 

signal. 

Method of Activation, These serve as pilot lamps for 

the turn signal system, and flash at the same frequency when the 

left, right, or hazard warning signal lamps are activated. 

Number. SAE recommends that when used, there be two, 

one on each side of the vehicle. 

Size. SAE recommends that they have a minimum area of - 
0.1 square inches. 

Color. Yellow. - 
Location. SAE suggests that they could be on the front 

fenders. Since their nominal intent is to inform the driver that 

the respective turn signals are flashing, they need to be readily 

visible to the driver. 



Other. Although these lamps are so small that they con- - 
stitute a rather insignificant part of the turn signal lighting 

system, experience indicates they can be seen rather readily at 

night, although primarily by drivers in vehicles approaching from 

the rear rather than from the side. Since no photometric standards 

have been developed for these ii.dicator lamps, they have not been 

included on either Table 1.5 or Table 1.6. 

Other Lamps on the Side of Vehicles. A small number of other 

types of side-facing lamps can also be identified. Included within 

this group are the following: (1) side-facing stop signal lamps; 

(2) side-facing emergency warning lamps; and ( 3 )  reflectorized side 

trimming. 

LAMPS VISIBLE ON THE REAR OF VEHICLES. Figure 1.3 shows the 

location of lamps mounted on the rear of vehicles, and Table 1.6 

shows the photometric levels. Those standards referenced within 

FMVSS 108 are printed in standard type; those recommended in the 

1973 SAE Handbook but not included within FMVSS 108 are printed in 

italics. 

Backup Lamps (SAE Standards J593c and J593d). 

Intent. Backup lamps are intended to illuminate the 
a 

road to the rear of the vehicle, and to provide a warning signal 

to pedestrians and other drivers when the vehicle is backing up 

or is about to back up. 

Method of Activation. The backup lamp must be illumi- 

nated when the ignition switch is energized and reverse gear is 

engaged, an2 must not be illlminated when the vehicle is in 

fordarc motion. 

Number. One, except that more than one may be used to 

meet the photometric requirements. No backup lamp is required on 

motorcycles or trailers. Some states 1 imi t the number backup 

lamps to two. 



Figure  L3. Lamps v i s i b l e  on t h e  r e a r  of veh ic l e s  ( s e e  Table 
1 . 2  f o r  an explanat ion of symbols) . 
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Size. No recommendations exist. - 
Color. Backup lamps must be white, except that a 

backup lamp may project incidental red, yellow, or white light 

through reflectors or lenses that are adjacent , close 
part of the lamp assembly. 

Location. The backup lamps must be mounted on the rear 

of the vehicle in such a manner that the center of the lens of at 

least one lamp is visible from any eye point elevation from at 

least 6 feet to 2 feet above the horizontal plane on which the 

vehicle is standing; and from any position in the area, rearward 

of a vertical plane perpendicular to the longitudinal axis of the 

vehicle, 3 feet to the rear of the vehicle and extending 3 feet 

beyond each side of the vehicle. 

One state requires that the white light illuminating the 

highway from a backup lamp not extended backward to any distance 

beyond 75 feet, It permits the backup lamp(s) also to be on, 

controlled by a lighting system which activates the lights for a 

temporary period of time after the ignition is turned off. 

Rear Turn Signal Lamps (SAE Standards J588d, J588e, and 

J575d, and SAE Recommended Practice J131). 

Intent. Rear turn signal lamps indicate the intent to 

change direction by flashing the lamp on the side toward which 

the turn will be made. 

Method of Activation. The signal must be able to be 

activated and cancelled manually, and may in addition be auto- 

matically cancellable (see SAE Standard 589a). 

Number. Two on a11 vehicles. 

Size. Those multipurpose passenger vehicles, trucks, - 
trailers, and buses of 80 or more inches overall width must be 

equipped with rear turn signal lamps which have an effective pro- 



jected luminous area of not less than 12.0 square inches. All 
passenger cars, motorcycles (except as noted above), and also 

those multipurpose passenger vehicles, trucks, trailers, and 

buses of less than 80 inches overall width must be equipped with 

rear turn signal lamps which ha-ye an effective projected lumi- 

nous area of not less than 3.5 square inches. (SAE now recommends 

an 8.0 square inch minimum instead of 3.5, for this last group of 

vehicles. ) 

If multiple-compartment or multiple-lamp arrangements are used 

to meet the photometric requirements of a rear turn signal lamp on 

passenger cars and motorcycles, or on those multipurpose passenger 

vehicles, trucks, trailers and buses of less than 80 inches over- 

all width, the effective projected luminous area of each compart- 

ment or lamp must be not less than 3.5 square inches. There is 

no comparable requirement for multiple compartment or multiple 

lamp arrays on those multipurpose passenger vehicles, trucks, 

trailers, and buses of 80 or more inches overall width. SAE does 

not recommend such for these latter classes of vehicles. 

Color. Rear turn signal lamps must be yellow or red in 

color. Some State Vehicle Codes permit red only (which pre- 

sumably makes the operation of certain foreign cars with yellow 

rear turn signal lamps illegal in those states). Others do not 

specify any color. SAE now recommends that only yellow he used 

for motorcycle and motor-driven cycle rear turn signal lamps. 

Location. The rear turn signal lamps must be mounted 
4 

on the rear of the veklcle !or, when used on motorcycles, at or 

near  fhe x e z r ) ,  at t% sane height but not lower than 15 inches 

nor higher than 83 inches (as measured to their optical axes, 

from the level road surface on which the vehicle stands, and as 

far apart as practicable. 

When used on motorcycles, the lamps must have a horizontal 



separation distance (center to center) of not less than 9 inches, 

and must have an edge-to-edge separation distance from the brake 

signal lamps and the rear presence lamps of not less than 4 inches. 

Other. The minimum photometric requirements for single 

compartment red and yellow turn signal lamps have been grouped into 

"zones," comprised of the cumulative minl rLm val~es of the t e s ~  

points in each of the seven zones designated [ 3 7  F.R. 233281 .  

Furthermore, increased group photometric requirements for multiple 

compartment red and yellow turn signal lamps, identical to the SAE 

recommendations in J588e, are being adopted effective September 1, 

1974. No previous multiple compartment photometric requirements 

for red and yellow turn signal lamps (Class A or Class B) were 

formally specified. (Informally, the specifications of J588e 

have been suggested by the NHTSA.) When a rear presence lamp is 

combined optically with the rear turn signal lamp, the ratio of 

the rear presence lamp must be at least 5:l at H-V, H-5L, and 

5U-V, and in addition muit be at least 3:l at all other test 

points on or above the horizon. 

SAE recommends that, if multiple compartment or multiple 

lamp arrangements are used for rear turn signal lamps on vehicles 

less than 80 inches in overall width, and the distance between 

optical axes does not exceed 2 2  inches for two-compartment or 

two-lamp arrangements, and does not exceed 16 inches for three- 

compartment or three-lamp arrangements, then the combination of 

the compartment or lamp arrangements should be used to meet the 

photometric requirements for the corresponding number of lighted 

sections (see Table 1.6). Furthermore, if the rear presence lamp 

and the turn signal lamp functions are optically combined, the 

ratio of light outputs should be computed with all compartments 

or lamps lighted. However, if the distance between optical axes 

exceeds the above dimensions, each compartment or lamp should 

comply individually with the photometric requirements for one 

lighted section, and should individually have an effective pro- 



jected luminous area of not less than 3.5 square inches, and 

further should have a total effective projected luminous area 

(for all lamps or compartments on that side) of not less than 

8.0 square inches. In this latter instance, if the rear presence 

lamp and the turn signal lamp functions are optically combined, 

the ratio of their projected light outputs should be computed only 

for those compartments or lamps where the two functions are 

actually optically combined, not for the whole array. 

SAE: also recommends that for vehicles of 80 or more inches 

in overall width, a maximum of two compartments or lamps per side 

may be mounted closer together than 22 inches provided that each 

compartment or lamp meets the single-compartment photometric 

requirements and has an effective projected luminous area of not 

less than 12 square inches apiece. Although not specifically 

stated, this recommendation presumably also permits two or more 

lamps or compartments on each side with optical axes 22 or more 

inches from each other, but only so long as each lamp or compart- 

ment individually meets the photometric requirements for a single 

lighted section and has an effective projected luminous area of 

not less than 12 square inches apiece. 

A truck tractor need not be equipped with rear turn signal 

lamps if the front turn signal lamps are so constructed (double- 

faced) and so located that the photometric requirements shown in 

Table 1.6 are met to the rear (as well as the requirements shown in 

Table 1.3 are met to the front) as follows: the light output from 

directly to the rear and to the left for the left lamp, and from 

directly to the sear and to the right for the right lamp, must be 

the same as the stated photometric requirements for a single- 

compartment lamp, except that at the H-V test point, the minimum 

candela level for red is 60 (instead of 801, and for yellow is 180 

(instead of 200). The intent of these reduced minimums is to 

permit the manufacturers to provide glare protection for the 

driver. (The above standards assume the double-faced turn signal 



is a single-compartment lamp. No such reductions are provided 

for two- or three-compartment lamp arrangements,) 

The flashing signal light output from a double-faced turn 

signal lamp, such as the one permitted by the previous paragraph, 

must not be obliterated when subject to external light rays from 

either in front or behind, at any and all anqies. 

Additional requirements exist about not obscurring t ~ e  rear 

turn signal lamps by any part of the vehicle within certain angles. 

The rear turn signal lamp function (left and right) can be 

presented by the same lamps which also present the brake signal 

lamp function, but only if such lamps meet the photometric require- 

ments for both functions and are red in color. In such a lighting 

system, the circuitry must be such that when the turn signal func- 

tion has been activated, the brake signal function cannot be 

turned on in the lamp which is serving as the appropriate rear 

turn signal lamp. 

SAE now recommends that if the rear turn signal is yellow in 

color, and if the red brake signal lamp is turned off on the sig- 

naling side, the minimum values may be 0.7 times the values shown 

in Table 1.6. 

The various states require that when activated, rear turn 

signal lamps be visible at certain distances in normal sunlight, 

but must not be glaring at night. These minimum distances vary 

with vehicle type (width, commercial application, etc.) , but in 
all cases where specified are between 100 and 500 feet. 

In some states, the requirement of rear turn signal lamps 

(especially on older vehicles) is determined by the length or 

width of the vehicle, or the distance from the steering column 

to a forward extension of any load. 

NCUTLO recommends (and FHWA requires) that turn signals not 

be used for "courtesy" or "do passtt signals to other vehicles 



approaching from the rear, and that turn signal lamps not be 

flashed on one side only to indicate a parked or disabled vehicle 

in lieu of operation of the hazard warning system. FHWA further 

requires that no turn signal lamp be combined with any lighting 

device or combination of lighting devices capable of producing 

a greater intensity of light thLn the turn signal when the latter 

is activated. 

Some states permit mechanically activated or operated signals, 

instead of the now conventional electrical flashing signal lamps. 

Rear Traffic Hazard Warning Lamps (SAE Standards J588d), 

J588e, J575d, and J901a, and SAE Recommended Practice J945). 

Intent. Rear traffic hazard warning lamps indicate the 

presence of a vehicular hazard by flashing the left and right turn 

signal lamps. 

Method of Activation. Activation must be independent 

of the setting of the ignition switch. If requiring the operation 

of more than one switch, they must be able to be actuated sirnul- 

taneously with a single driver action. 

Number. Two, at beast one on either side of the rear 

of the vehicle, except that none are required on motorcycles. 

Size. No requirements exist apart from those previously - 
outlined for rear turn signal lamps. 

Color. No Federal requirements exist apart from those - 
previously outlined for rear turn signal lamps. Two states permit 

oniy red, while many do n o t  specify any color. 

Location. No requirements exist apart from those pre- 

viously outlined for rear turn signal lamps. 

Other. In addition to the comments made about rear turn 

signal lamps are the following points: 



1. For vehicles equipped with left- and right-hand turn 

signal pilot indicator lamps, both pilots must flash simulta- 

neously while the hazard warning system is activated. 

2. In vehicles equipped with a single turn signal pilot 

indicator lamp, a separate hazard warning pilot indicator lamp 

must flash (and the turn signal pilot indicator lamp may flash) 

when the hazard warning system is activated. 

3. If a separate hazard pilot indicator lamp is used, it 

must be red in color and must have an area equivalent to an 0.5 

inch diameter circle or greater. 

4, The operating motion of the hazard warning signal switch 

must be different from the actuating motion of the turn signal 

switch. 

Some states specify that the hazard warning lamps may be 

used only when the vehicle is not in motion, or when it is being 

brought to a stop. Some make specific requirements for rural mail 

delivery vehicles, and then in some cases the lamps are allowed or 

required to flash alternately instead of simultaneously. Other- 

wise, most states require that rear hazard warning lamps flash 

simultaneously when activated. Some states specify that the 

lamps for rural mail delivery vehicles must be roof-mounted. 

Two states specifically permit the use of stop signal lamps 

instead of rear turn signal lamps for the hazard flashing system. 

Another permits the use of the hazard warning system only at night. 

In many states the minimum distance at which these lamps must 

be visible is 100 to 1500 feet. Some specify instead that the 

minimum distance of 100 feet be the criterion in bright sunlight. 

Stop Signal Lamp (SAE Standards J586b, J586c, and J575d). 

Intent. Stop signal lamps project a steady light rear- 



ward from a vehicle, or a train of vehicles, to indicate the 

intention of the driver to stop or to diminish speed. 

Method of Activation. The stop signal lamps on all 

vehicles must be activated upon application of the service brakes. 

Number. All vehicles must have two, except that motor- 

cycles need only one. Some State Vehicle Codes require a minimum 

of one on certain other types of vehicles (converter dollies towed 

singly, truck tractors, trailers, etc.). 

Size. Stop signal lamps must have an effective projected - 
luminous area of not less than 3 .5  square inches. 

SAE currently recommends that stop signal lamps have an 

effective projected luminous area of not less than 8 square inches 

for vehicles less than 80 inches in overall width, and not less 

than 12 square inches for vehicles of 80 or more inches in over- 

all width. 

FMVSS 108 requires that if multiple compartment or multiple 

lamp arrangements are used on passenger cars, motorcycles, or on 

those multipurpose passenger vehicles, trucks, trailers, and buses 

of less than 80 inches overall width, the effective projected 

luminous area of each compartment or lamp must be not less than 

3.5 square inches. 

SAE further recommen~s that the total combined areas of the 

lamps or compartments used to meet the photometric requirements 

for each of the two stop signal lamps be not less than 8 square 

inches for passenger cars, motorcycles, and those multipurpose 

passenger vehicles, trucks, trailers, and buses of less than 80 

inches overall width; and not less than 12 square inches for 

those multipurpose passenger vehicles, trucks, trailers, and buses 

of 80 or more inches overall width. 

Most states currently specify, instead of size, that the 

minimum distance at which the stop signal lamp must be visible 



when illuminated is 100 to 500 feet. 

Color. Red. 

Some states do not specify the color of stop signal lamps, 

while one now requires red specifically on trucks, buses, and all 

new vehicles. 

Location. The stop signal lamps nust be located on the 

rear, one on either side of the vertical centerline and as far &part 

as possible, and at the same height but not less than 15 inches nor 

more than 72 inches from the level road surface on which the vehicle 

stands. On motorcycles, the stop signal lamp must be mounted on the 

vertical centerline within the same height restrictions, except that 

if two are used, they must be symmetrically disposed about the ver- 

tical centerline. 

Other. The minimum photometric requirements for single corn- 

partment stop signal lamps have been grouped into "zones," comprised 

of the cumulative minimum values of the test points in each of the 

seven zones specified. [37 F.R. 213281 Furthermore, increased 

group photometric requirements for multiple compartment stop signal 

lamps, identical to the SAE recommendations in J586c, are being 

adopted effective September 1, 1974. No previous multiple compart- 

ment photometric requirements for the current stop signal lamps 

("Class A") were formally specified. (Informally, the specifica- 

tions of J586c have been suggested by the NHTSA.) When a rear 

presence lamp is optically combined with the stop signal lamp, the 

ratio of the projected light outputs of the stop signal lamp and the 

rear presence lamp must be at least 5:l at H-V, 3-SL,  H-5R, and 

5U-V, and in addition must be at least 3:l at all other test points 

on or above the horizon. 

SAE recommends that, if multiple compartment or multiple lamp 

arrangements are used for stop signal lamps on vehicles less than 

80 inches overall width, and the distance between optical axes does 

not exceed 22 inches for two-compartment or two-lamp arrangements, 



and does not exceed 16 inches for three-compartment or three-lamp 

arrangements should be used to meet the photometric requirements for 
the corresponding number of lighted sections (see Table 1.6). 

Furthermore, if the rear presence lamp and the stop signal lamp 

functions are optically combined, the ratio of light outputs should 

be computed with all compartments or lamp lighted. However, if the 

distance between the optical axe5 exceeds the above dimensions, each 

compartment or lamp should comply individually with the photometric 

requirements for one lighted section, and should individually have 

an effective projected luminous area of not less than 3.5 square 

inches, and further should have a total effective projected lumin- 

ous area (for all lamps or compartments on that side) of not less 

than 8.0 square inches. In this latter instance, if the rear pre- 

sence lamp and stop signal lamp functions are optically combined, 

the ratio of their projected light outputs should be computed only 

for those compartments or lamps where the two functions are actually 

optically combined, not for the whole array. 

SAE also recommends that for vehicles of 80 or more inches in 

overall width, a maximum of two compartments or lamps per side may 

be mounted closer together than 22 inches provided that each com- 

partment or lamp meets the single-compartment photometric require- 

ments and has an effective projected luminous area of not less than 

12 square inches. Although not specifically stated, this recornmen- 

dation presumably also per~its two or more lamps or compartments 

on each side with optical axes 22 or more inches from each other, 

but only so long as each lamp or compartment individually meets the 

photometric requirements for a single lighted section and has an 

effective 3-5-:acted - - l.:nL~o*~s zrea of not less than 12 square inches 

Supplemental High-Mounted Stop and Turn Signal Lamps (SAE 

Recommended Practice ~186). 

Intent. These signal lamps are intended to supplement 

the information contained in the vehicle's standard stop signal 



and/or turn signal lamps, and to provide a signal visible through 

the daylight openings of intervening vehicles to operators of fol- 

lowing vehicles. 

Method of Activation. The stop signal lamp function 

is activated in the same manner as the conventional stop signal 

lamp. The turn signal lamp function is activated in the same man- 

ner as the conventional turn signal lamp, 

Number. Although no specific SAE recommendation exists, 

presumably at least one lamp on each side would be used to convey 

the turn signal function, possibly in combination with the stop 

signal function; and/or one high-mounted lamp, perhaps two (one on 

each side) would convey the stop signal function. 

Size. No recommendations exist. 

Color. SAE recommends that the light from the supple- 

mental stop and/or turn signal lamps should comply with the same 

color requirements as the original stop and/or turn signal lamps. 

This means that yellow would not be permitted as a stop signal 

lamp. 

Location. SAE recommends that the lamps be mounted higher 

than the conventional stop or turn signal lamps, and possibly for- 

ward of the rear-mounted rear presence lamp and stop and turn signal 

lamps. 

Other. SAE suggests the supplemental stop and turn sig- 

nals may be provided by separate lamps, or combined in a single 

lamp (one on each side). The signal function should be the same 

as the standard lamp: The stop signal is given by a steady light 

upon application of the service brakes; the turn signal is given by 

a flashing light on the side towards which the turn is anticipated 

or being executed. The phase relationship between supplemental 

high-mounted turn signals and the standard turn signal should be 

the same, i.e., not alternating. A rear presence lamp function 



should n o t  be  combined i n  t h e  supplementa l  s t o p  and/or t u r n  s i g n a l  

lamps. 

Rear School Bus Loading and Unloading Lamps (SAE Standard 

J887). 

I n t e n t .  School bus l o a i i n g  and unloading lamps i d e n t i f y  

a  v e h i c l e  a s  a  schoo l  bus and infcrm o t h e r  d r i v e r s  t h a t  such 

v e h i c l e  i s  s topped on t h e  road ahead t o  t a k e  on o r  t o  d i s c h a r g e  

schoo l  c h i l d r e n .  ( I n  most s t a t e s ,  t r a f f i c  approaching a  load ing  

o r  unloading schoo l  bus from e i t h e r  t h e  f r o n t  o r  behind must come 

t o  a  complete h a l t  u n t i l  t h e  load ing  o r  unloading p r o c e s s  i s  com- 

p l e  t e d  . ) 
Method of A c t i v a t i o n .  These lamps must be c o n t r o l l e d  

by a  manually a c t u a t e d  swi tch .  Where System B ( a s  d e s c r i b e d  below) 

i s  u s e d ,  t h e  s i g n a l  system must be wired  s o  t h a t  t h e  ye l low s i g n a l  

lamps a r e  a c t i v a t e d  on ly  by manual o p e r a t i o n  and a r e  a u t o m a t i c a l l y  

d e a c t i v a t e d  and t h e  r e d  s i g n a l  lamps a u t o m a t i c a l l y  a c t i v a t e d  when 

t h e  bus e n t r a n c e  door i s  opened. 

Number and Color .  System A - two r e d  lamps; System B - 
two r e d  lamps, and two yel low lamps. 

Locat ion .  System A: They must be mounted a s  h igh  a s  

p o s s i b l e  on t h e  r e a r  of t h e  v e h i c l e ,  b u t  s o  t h a t  t h e  lower edge 

of t h e  l e n s  i s  n o t  lower than  t h e  t o p  l i n e  of t h e  s i d e  window 

openings ,  a t  t h e  same h e i g h t ,  and a s  f a r  a p a r t  a s  p o s s i b l e ,  b u t  

i n  no c a s e  l e s s  t h a n  40  i n c h e s  from each o t h e r  (measured from 

lamp edge t o  lamp e d g e ) .  

System B: The red lamps are mounted i n  t h e  same l o c a t i o n  a s  

i n  System A above. The yel low lamps are mounted immediately 

inboard  ( towards t h e  v e r t i c a l  c e n t e r l i n e  of t h e  bus)  from each of 

t h e  r e d  lamps, and a t  t h e  same h e i g h t  a s  each o t h e r  and t h e  r e d  

lamps. 

Other.  The lamps must f l a s h  a l t e r n a t e l y  a t  a  r a t e  

between and i n c l u d i n g  6 0  t o  1 2 0  c y c l e s  p e r  minute.  The "on" per iod  

6 4  



of the flasher must be long enough to permit the bulb filament to 

come to full brightness. There must be a visible or audible means 

of giving a clear and unmistakable indication to the driver when 

the signal lamps are turned on. Further requirements exist as to 

not permitting any part of the vehicle to obstruct the visibility 

of the lamps within certain angles of view. 

SAE recommends that the area of the vehicle immediately sdr- 

rounding the signal lamp be painted black. This recommendation 

is specifically exempted in FMVSS 108 from the Federal manufactur- 

ing requirements. 

When System B is used, the yellow lamps must be at least two 
and one-half times brighter than the specification in SAE Standard 

J 8 8 7  for red signal lamps. 

The aiming pads on the lens face mentioned in SAE Standard 

J887 are also specifically exempted in FMVSS 108 from the Federal 

manufacturing requirements. 

The various states probably specify whether System A or 

System B may, must, or may not be used within their jurisdictions. 

No summary of lamp requirements or prohibitions, nor of conditions 

or prohibitions of use in the various states, is readily available 

for this review. 

Rear Flashina Warnina Larn~s for Authorized Emeraencv. Main- 

tenance, and Service Vehicles (SAE Standard J595b). 

Intent. The lamps covered in this section are for use 

on authorized emergency, maintenance, and service vehicles. 

Method of Activation. No specifications or recommenda- 

tions exist. 

Number. SAE recommends that two be used on the rear 

of the vehicle. 

Size. SAE recommends they have an area of not less - 
than 12 square inches. 

Color. SAE recommends the color be yellow or red. 



Location.  SAE recommends t h a t  t h e  lamps be mounted a s  

h igh  and a s  f a r  a p a r t  a s  p r a c t i c a b l e ,  b u t  i n  no c a s e  should t h e  

l a t e r a l  spacing be less than  3 f e e t .  

Other.  SAE recommends t h a t  t h e s e  warning lamps f l a s h  

a t  6 0  - 120 cpm. The "on" pe r iod  of t h e  f l a s h e r  should be between 

30 and 75%.  There should be a  v l s i b l e  o r  a u d i b l e  means of 

g i v i n g  a  c l e a r  and unmistakable i n d i c a t i o n  t o  t h e  d r i v e r  when 

t h e  warning lamps a r e  tu rned  "on" and f u n c t i o n i n g  normally. To 

improve t h e  e f f e c t i v e n e s s  of t h e  s i g n a l ,  it i s  recommended t h a t ,  

where p r a c t i c a b l e ,  t h e  a r e a  of t h e  v e h i c l e  immediately surround- 

i n g  t h e  s i g n a l  be p a i n t e d  b lack .  

The v a r i o u s  s t a t e s  s e t  s p e c i f i c  s t a n d a r d s  a s  t o  what c o l o r  

of f l a s h i n g  warning lamps ( o t h e r  than  hazard f l a s h i n g  lamps 

u t i l i z i n g  t h e  t u r n  s i g n a l  lamps) may be  used on v a r i o u s  types  and 

a u t h o r i z a t i o n s  of v e h i c l e s .  The c i rcumstances  of p e r m i s s i b l e  o r  

impermiss ib le  use  a r e  a l s o  covered. 

Three-Hundred and S i x t y  Degree Revolving Beacon Lamp (SAE 

Recommended P r a c t i c e  J845) .  

See s e c t i o n  on Revolving Beacon Lamps f o r  Front-Mounted Lamps. 

Rear Presence  Lamps (SAE Standards  585d, 585c, and J575d) .  

I n t e n t .  Whether s e p a r a t e  o r  i n  combination wi th  o t h e r  

lamps, r e a r  p resence  lamps a r e  in tended t o  d e s i g n a t e  t h e  r e a r  of a  

v e h i c l e .  

Method of A c t i v a t i o n .  The r e a r  p resence  lamps on any 

v e h i c l e  must be a c t i v a t e d  when t h e  headlamps a r e  a c t i v a t e d  i n  a  

s teady-burni?g s t a t e .  I n  a d d i t i o n ,  on passenger c a r s ,  motorcycles ,  

and t h o s e  ~ . u l t i p u r p o s e  passenger v e h i c l e s ,  t r u c k s ,  t r a i l e r s ,  and 

buses  of l e s s  than  80  inches  o v e r a l l  width ,  t h e  r e a r  presence  lamps 

must be a c t i v a t e d  when t h e  parking lamps a r e  a c t i v a t e d .  

Number. A l l  v e h i c l e s  must have two, excep t  motorcycles  

need on ly  one. Most s t a t e s  a l s o  pe rmi t  v e h i c l e s  wi th  only  one 



r e a r  presence lamp and manufactured b e f o r e  a  c e r t a i n  d a t e  t o  o p e r a t e  

on t h e i r  p u b l i c  highways. 

S ize .  No minimum s i z e  requi rements  f o r  r e a r  presence  - 
lamps a r e  d i r e c t l y  s p e c i f i e d .  However, an i n d i r e c t l y  s p e c i f i e d  

s i z e  requirement  has e x i s t e d  and i s  c u r r e n t l y  b inding,  a s  construed 

by t h e  fo l lowing (SAE Standard J585c) :  

"S igna l s  from lamps on both  s i d e s  of t h e  v e h i c l e  s h a l l  be 
v i s i b l e  through a  h o r i z o n t a l  ang le  from 45  degrees  t o  t h e  
l e f t  t o  45 degrees  t o  t h e  r i g h t .  Where more than  one lamp 
o r  o p t i c a l  a r e a  i s  l i g h t e d  on each s i d e  of t h e  c a r ,  on ly  
one such a r e a  on each s i d e  need comply. To be cons idered  
v i s i b l e ,  t h e  lamp must provide  an unobst ruc ted  p r o j e c t e d  
i l l u m i n a t e d  a r e a  of o u t e r  l e n s  s u r f a c e ,  excluding r e f l e x ,  
a t  l e a s t  2 square  inches  i n  e x t e n t ,  measured a t  45 degrees  
t o  t h e  l o n g i t u d i n a l  a x i s  of t h e  v e h i c l e . "  

c o l o r .  Red. 

Locat ion.  On motorcycles:  The r e a r  presence lamp must 

be mounted on t h e  v e r t i c a l  c e n t e r l i n e  a t  a  h e i g h t  of n o t  less than  

15 inches  nor g r e a t e r  than  7 2  i n c h e s  from t h e  l e v e l  road s u r f a c e  on 

which t h e  v e h i c l e  s t ands .  I f  two a r e  used,  t h e  h e i g h t  requirement  

s t i l l  a p p l i e s ,  b u t  t h e  lamps must be symmetrical ly d isposed about  

t h e  v e r t i c a l  c e n t e r l i n e .  I n  a d d i t i o n ,  c e r t a i n  requi rements  e x i s t  

about  t h e  mounting d i s t a n c e  (edge-to-edge s e p a r a t i o n )  between 

r e a r  presence lamps and r e a r  t u r n  s i g n a l  lamps, a s  d i scussed  pre-  

v i o u s l y .  

On a l l  o t h e r  v e h i c l e s :  The r e a r  presence  lamps must be mounted 

a t  t h e  same h e i g h t ,  b u t  n o t  l e s s  than  15 inches  nor more than 7 2  

inches  from t h e  l e v e l  road s u r f a c e  on which t h e  v e h i c l e  s t a n d s ,  one 

on e i t h e r  s i d e  of t h e  v e r t i c a l  c e n t e r l i n e  and a s  f a r  a p a r t  a s  prac-  

t i c a b l e .  

Other.  The minimum photometr ic  requi rements  f o r  s i n g l e  

and m u l t i p l e  compartment r e a r  presence  lamps have been grouped i n t o  

"zones ,"  comprised of t h e  cumulat ive minimum v a l u e s  of t h e  t e s t  

p o i n t s  i n  each of t h e  seven zones s p e c i f i e d  [ 3 7  F.R. 213281. 

Rear presence  lamps may n o t  be o p t i c a l l y  combined wi th  c l e a r a n c e  



lamps. If rear presence lamps are optically combined with turn 

signal or stop signal lamps, their relative intensities must meet 

or exceed certain proportions, as previously discussed in the sec- 

tions on those lamps. 

SAE recommends that, if multiple compartment or multiple lamp 

arrangements are used for rear pr,sence lamps on vehicles less than 

80 inches overall width, and this distance between optical axes 

does not exceed 22 inches for two-compartment or two-lamp arrange- 

ments, and does not exceed 16 inches for three-compartment or 

three-lamp arrangements, then the combination of the compartment 

or lamp arrangements should be used to meet the photometric re- 

quirements for the corresponding number of lighted sections (see 

Table 1.6). However, if the distance between optical axes exceeds 

the above dimensions, each compartment or lamp should comply in- 

dividually with the photometric requirements for one lighted sec- 

tion. The determination of the ratios of light output when the 

rear presence lamp is combined with a rear turn signal lamp or a 

stop signal lamp is also affected, as discussed in the previous 

sections covering those lamps specifically. 

SAE further recommends that for vehicles of 80 or more inches 

overall width, a maximum of two compartments or lamps per side may 

be mounted closer together than 22 inches, provided that each com- 

partment or lamp meets the single-compartment photometric require- 

ments. Although not specifically stated, this recommendation pre- 

sumably also permits two or more lamps or compartments on each 

side with optical axes 22 or more inches from each other, but only 

so long 2s each lamp or ccnpartment individually meets the photo- 

metric: req':irn,-er.3 2"o ?rT. sin?le lighted section. 

NCUTLO recommends that the rear presence lamps should be so 

wired that when any auxiliary driving lamps are lighted, the rear 

presence lamps will also be activated, 

Almost all states require that rear presence lamps be visible 

at a distance of 500 feet at night, rather than to specify photo- 



m e t r i c  o r  s i z e  requi rements .  Some s t a t e s  pe rmi t  v e h i c l e s  o t h e r  than  

t h e  rearmost  i n  a  tandem t r a i n  n o t  t o  have t h e i r  r e a r  p resence  

lamps i l l u m i n a t e d ,  s o  long a s  t h e  rea rmos t  v e h i c l e  i s  equipped wi th  

p r o p e r l y  f u n c t i o n i n g  r e a r  presence  lamps. A t  l e a s t  one s t a t e  does 

s p e c i f y  t h e  minimum s i z e  f o r  r e a r  p resence  lamps, whi le  some o t h e r s  

s p e c i f y  t h a t  r e a r  presence  lamps be mounted w i t h i n  a  c e r t a i n  d i s t a n c e  

from t h e  rearmost  p a r t  o r  e x t e n s i o n  of t h e  v e h i c l e .  One s t a t e  per-  

m i t s  r e f l e x  r e f l e c t o r s  i n  l i e u  of r e a r  presence  lamps on t r a i l e r s  

below a  c e r t a i n  weight .  

Rear Clearance  Lamps (SAE S tandards  J592c and J 5 9 2 e ) .  

I n t e n t .  The r e a r  c l e a r a n c e  lamps show t o  t h e  r e a r  of a  

v e h i c l e  and a r e  mounted and in tended  t o  i n d i c a t e  o v e r a l l  width  of 

t h e  v e h i c l e .  

Method of A c t i v a t i o n .  No s p e c i f i c a t i o n s  e x i s t .  

Number. Two r e a r  c l e a r a n c e  lamps a r e  r e q u i r e d  on t h o s e  

mul t ipurpose  passenger  v e h i c l e s ,  t r u c k s  (excep t  t r u c k  t r a c t o r s ) ,  

t r a i l e r s ,  and buses of 80  o r  more i n c h e s  i n  o v e r a l l  width.  

S i z e .  No recommendations e x i s t .  - 
Color.  Red. 

Locat ion.  One must be l o c a t e d  on e i t h e r  s i d e  of t h e  

v e r t i c a l  c e n t e r l i n e ,  a t  t h e  same h e i g h t ,  a s  nea r  t h e  s t o p  a s  prac-  

t i c a b l e ,  t o  i n d i c a t e  o v e r a l l  width  of t h e  v e h i c l e ,  

Other .  No c l e a r a n c e  lamp may be combined o p t i c a l l y  wi th  

any i d e n t i f i c a t i o n  lamp o r  any r e a r  p resence  lamp. Boat t r a i l e r s  

need n o t  be equipped wi th  both  f r o n t  and r e a r  c l e a r a n c e  lamps, 

provided a  yel low ( t o  f r o n t )  and r e d  ( t o  r e a r )  c l e a r a n c e  lamp i s  

l o c a t e d  a t  o r  nea r  t h e  midpoint  on each s i d e  of t h e  t r a i l e r  s o  a s  

t o  i n d i c a t e  i t s  extreme width.  When t h e  r e a r  i d e n t i f i c a t i o n  lamps 

a r e  mounted a t  t h e  extreme h e i g h t  of a  v e h i c l e ,  r e a r  c l e a r a n c e  lamps 

need n o t  meet t h e  requi rement  t h a t  t h e y  be l o c a t e d  a s  c l o s e  a s  

p r a c t i c a b l e  t o  t h e  t o p  of t h e  v e h i c l e .  



Some s t a t e s  do n o t  exempt t r u c k  t r a c t o r s .  Others  r e q u i r e  

c l e a r a n c e  lamps on v e h i c l e s  over  a  c e r t a i n  l e n g t h  a s  w e l l ,  r ega rd -  

less of width.  Some s t a t e s  s p e c i f y  t h e  width  a s  84 i n c h e s ,  i n s t e a d  

of 80 inches .  

SAE S tandard  J592c i s  i n c o r p o r a t e d  by r e f e r e n c e  i n t o  FMVSS 

108. T h i s  s t a n d a r d  has  s i n c e  S e e -  r e v i s e d  t o  remove t h e  fo l lowing  

t e s t  p o i n t s  f o r  r e a r  c l e a r a n c e  lamps: H-30L & R ,  H-20L & R ,  and 

H - 1 O L  & R. 

Rear I d e n t i f i c a t i o n  Lamps (SAE S tandards  J592c and J 5 9 2 e ) .  

I n t e n t .  I d e n t i f i c a t i o n  lamps a r e  t o  i d e n t i f y  c e r t a i n  

t y p e s  of v e h i c l e s  (namely, t h o s e  over  a  c e r t a i n  w i d t h ) .  

Method of A c t i v a t i o n .  No s p e c i f i c a t i o n s  e x i s t .  

Number. Three i d e n t i f i c a t i o n  lamps a r e  r e q u i r e d  on t h o s e  

mul t ipurpose  passenger  v e h i c l e s ,  t r u c k s ,  and buses  of 80 o r  more 

i n c h e s  o v e r a l l  wid th ,  e x c e p t  none a r e  r e q u i r e d  on t r u c k  t r a c t o r s  

r e g a r d l e s s  of width.  

S i z e .  No s p e c i f i c a t i o n s  e x i s t .  - 
Color.  Red. 

Locat ion .  They must be mounted on t h e  r e a r  a s  c l o s e  t o  

t h e  t o p  of t h e  v e h i c l e  a s  p r a c t i c a b l e ,  a l l  a t  t h e  same h e i g h t ,  a s  

c l o s e  a s  p r a c t i c a b l e  t o  t h e  v e r t i c a l  c e n t e r l i n e  w i t h  lamp c e n t e r s  

spaced n o t  l e s s  t h a n  6 i n c h e s  nor  more than  1 2  i n c h e s  a p a r t .  

Other .  Two s t a t e s  a l s o  r e q u i r e  r e a r  i d e n t i f i c a t i o n  lamps 

on t r u c k  t r a c t o r s .  

SAE S tandard  J592c i s  i n c o r p o r a t e d  by r e f e r e n c e  i n t o  FMVSS 108. 

  his s t a n d a r d  has  sir,ce bee:: revised t o  remove t h e  followincj t e s t  

p o i n t s  f o r  r e a r  i d e n t i f i c a t i o n  lamps: 11-30L & R ,  H-20L & R ,  and 

H-1OL & R. 

L icense  P l a t e  Lamps (SAE S tandard  J 5 8 7 d ) .  

I n t e n t .  A l i c e n s e  p l a t e  lamp i l l u m i n a t e s  t h e  l i c e n s e  



p i a t e  on t h e  r e a r  of a  v e h i c l e .  To t h e  e x t e n t  t h a t  silch l i g h t  i s  

r e f l e c t e d  b ~ c k w a r d  towards  t h e  d r i v e r  of a f o l l o w i n g  v e h i c l e ,  t h i s  

l i m p  a l s o  scrvcs as  an i n d i r e c t  r e a r  p r e s e n c e  lamp. 

Method of A c t i v a t i o n .  On a l l  p a s s e n g e r  c a r s  and motor- 

c y c l e s ,  and on t h o s e  m u l t i p u r p o s e  p a s s e n g e r  v e h i c l e s ,  t r u c k s ,  

t r a i l e r s ,  and b u s e s  of less t h a n  80  i n c h e s  o v e r a l l  w i d t h ,  t h e  l i c e n s e  
-. < , . . , . . . , p l a t e  lamp must  be  i l l u n i n a t e d  when t h e  p a r k i y  ,x-.-s :-:. _ . - - .  L +,.- ....- 

and when t h e  headlamps a r e  a c t i v a t e d  I n  a steady-S.zn:;lg a -,. '-- rT' - -  L~ p 

Xumber, One, e x c e p t  two nay be  u sed  t o  meet t h e  photo-  

m e t r i c  r e q u i r e m e n t s .  

S i z e .  No s p e c i f i c a t i o n s  e x i s t  f o r  t h e  lamp i t s e l f .  

c o l o r .  PJhi te .  

Loca t ion .  The l i c e n s e  p l a t e  lamp ( s )  must  i l l u m i n a t e  t h e  

l i c e n s e  p l a t e  from t h e  s i d e s  o r  from above.  NHTSA h a s  proposed  

a  change which would a g a i n  p e r m i t  t h e  l i c e n s e  p l a t e  l a m p ( s )  t o  

i l l u m i n a t e  t h e  l i c e n s e  p l a t e  from below a s  well ,  b u t  o n l y  i f  a  

c e r t a i n  u n o b s t r u c t e d  s p a c e  i s  p r o v i d e d  between t h e  lamp and t h e  

p l a t e  [37 F.R. 229911, 

When a  s i n g l e  lamp i s  used  t o  i l l u m i n a t e  t h e  l i c e n s e  p l a t e ,  

t h e  lamp and t h e  l i c e n s e  p l a t e  h o l d e r  mus t  be  s o  p o s i t i o n e d  t h a t  

a t  no p o i n t  on t h e  p l a t e  w i l l  t h e  i n c i d e n t  l i g h t  make an a n g l e  of 

less t h a n  8 d e g r e e s  t o  t h e  p l a n e  of t h e  p l a t e .  When two o r  more 

lamps a r e  u sed  t o  i l l u m i n a t e  t h e  p l a t e ,  t h e  minimum 8 d e g r e e  i n c i -  

d e n t  l i g h t  a n g l e  a p p l i e s  o n l y  t o  t h a t  p o r t i o n  of t h e  p l a t e  which 

t h e  p a r t i c u l a r  lamp i s  d e s i g n e d  t o  i l l u m i n a t e .  

O t h e r .  The p h o t o m e t r i c  t e s t  i s  accompl i shed  by measur- 

i n g  e a c h  of s e v e r a l  " t e s t  s t a t i o n s "  on a  p l a t e  of c l e a n ,  w h i t e  

b l o t t i n g  pape r .  The minimum measurement must  b e  0 . 7 5  f o o t - c a n d l e s .  

The r a t i o  of maximum t o  minimum i l l u m i n a t i o n  must  n o t  exceed  2 0 : l  

f o r  a  6 "  x  12" p l a t e  ( u s e d  on a l l  v e h i c l e s  e x c e p t  m o t o r c y c l e s ) ,  

o r  1 5 : l  f o r  a  4 "  x 7 "  p l a t e  (u sed  f o r  m o t o r c y c l e s ) .  



~ l t h o u g h  t h e  l i c e n s e  p l a t e  i s  n o t  u s u a l l y  a s s o c i a t e d  wi th  

v e h i c l e  l i g h t i n g  and s i g n a l i n g  sys tems,  t h e  l i c e n s e  p l a t e  lamp 

( o r ,  more p r o p e r l y ,  t h e  r e f l e c t i o n  of i t s  l i g h t  o f f  t h e  l i c e n s e  

p l a t e ,  h o l d e r ,  o r  su r round ing  t r i m  o r  body work) might a s s i s t ,  and 

p o s s i b l y  even d e t r a c t  from, a n o t h e r  d r i v e r ' s  a b i l i t y  t o  d e t e c t  

r e l a t i v e  v e l o c i t y  ( c l o s u r e )  and c \ a n ~ e  i n  v e h i c l e  o r i e n t a t i o n .  

For i n s t a n c e ,  on t h o s e  v e h i c l e s  0 : -e ra t ing  i n  a  nonconforming manner 

because of t h e  absence ( o r  f a i l u r e  t o  o p e r a t e )  of one o r  more t a i l -  

lamps, t h e  o b s e r v a t i o n  of t h e  i l l u m i n a t e d  l i c e n s e  p l a t e  can p lay  

a  s i g n i f i c a n t  p a r t  i n  de te rmin ing  t h a t  v e h i c l e ' s  e x a c t  p o s i t i o n  

and r e l a t i v e  v e l o c i t y .  

A few s t a t e s  r e q u i r e  t h a t  t h e  l i c e n s e  p l a t e  l amp(s )  be 

mounted no f u r t h e r  t o  t h e  v e h i c l e ' s  r i g h t  s i d e  than  t h e  v e r t i c a l  

c e n t e r l i n e .  Some s t a t e s  r e q u i r e  t h a t  t h e  l i c e n s e  p l a t e  lamp(s)  

be c o n t r o l l e d  by t h e  head lamp swi tch  on a l l  v e h i c l e s ,  and t h a t  

t h e  l a m p ( s )  be l i g h t e d  whenever t h e  headlamps have been a c t i v a t e d .  

Almost a l l  s t a t e s  s e t  s p e c i f i c  s t a n d a r d s  of v i s i b i l i t y  i n  terms of 

t h e  number of f e e t  (minimum) a t  which t h e  l i c e n s e  p l a t e  can be 

r e a d  when i l l u m i n a t e d  by t h e  l i c e n s e  p l a t e  lamp (s j  . 
Rear Ref lex  R e f l e c t o r s .  

I n t e n t .  Ref lex  r e f l e c t o r s  a r e  in tended  t o  i n d i c a t e  t h e  

presence  of a  v e h i c l e  t o  an approachinq d r i v e r  by r e f l e c t i n g  back 

t o  him l i g h t  from h i s  own approaching v e h i c l e .  

Method of A c t i v a t i o n .  None r e q u i r e d .  

Number. Two, e x c e p t  on ly  one i s  r e q u i r e d  on motorcycles .  

S i z e .  No s p e c i f i c a t i o n s  o r  recommendations e x i s t .  Most 

e,c_,:..~nr: ,7j-T,7n +be +.. - v i s i b i l i t y  r e q u i r e n e n t  i n  terms of t h e  minimum 

d i s t a n c e  a t  which t h e y  must be seen when i l l u m i n a t e d  by l a w f u l l y  

a d j u s t e d  lower o r  upper headlamp beams ( a s  t h e  i n d i v i d u a l  s t a t e  

may s p e c i f y )  . 
Color.  Red. 

Locat ion .  One on e i t h e r  s i d e  of t h e  v e r t i c a l  c e n t e r l i n e ,  



as far apart as practicable, and at the same height but not less 

than 15 nor more than G O  inches from the road surface. On a truck 

tractor, the red rear reflex reflectors may be mounted on the back 

of the cab instead of on the rear of the vehicle, but only if the 

middle of the reflector is not less than 4 inches above the height 

of the rear tires. 

A - , \ Other. Nost jurisdictions s?ee;+v E riii^,>i^lil;.. ::;&L::- - - -  - 

height of Sstween 2 0  and 24 inches, althozgh some allaw it to be 

as iow as i5 inches. 

Other Lamps on the Rear of Vehicles. Other lamps not mcunted 

on the rear but which are intended to project primarily in a rear- 

ward direction have been discussed previousiy. They include the 

following: 

1. Side Turn Signal Lamps. These were discussed in the 

section on side-mounted lamps. Since there are unique and specif~c 

photometric recommendations for these lamps, a separate column 

for this type has been included in Table 6. 

2, ilouble-Faced Turn Signal Lamps. These were discussed in 

conjunction with rear turn signal lamps in this section. They have 

the same photometric requirements as conventional rear-mounted turn 

signals (except for the inboard test points, and except for a 

requirement concerning obliteration of the signal by external light), 

and are therefore not given a special category in Table 1.6. 

3. External Turn Signal Indicator Lamps. These were dis- 

cussed in the section on side-mounted lamps. Since no photometric 

standards have been developed for these indicator lamps, they have 

not been included in either Table 5 or Table 6. 

A small number of other types of rear-facing light sources on 

vehicles can also be identified. Included within this group are: 

(1) ref lectorized rear trim; and ( 2 )  reflectorized license plates. 



OBSERVATIONS ABOUT THE CURRENT STANDARDS 

DEVELOPMENT OF THE CURRENT STANDARDS. The history of auto- 

motive signaling and marking lamps develops from the requirements 

of lightina on other forms of transportation, notably from the 

fields of maritime and railroac? transportation. Fisher (1968) 

notes that lighting devices on tle early automobiles were actually 

equipment borrowed from carriages, 

The early carriage lamps sometimes had white or colored jewels 

emitting light to the sides or rear. As automobiles began devel- 

oping a shape more distinctive than a horseless carriage, one or 

two large headlamps with a candle or oil lamp for its light source 

became commonly used, with a small taillamp, red in color, fre- 

quently on the rear. The first SAE recommendatio~ for red tail- 

lamps was approved in 1918. The color red was significant, for it 

probably was derived from the red lantern used on the rear of rail- 

road trains. A red signal of "danger" was appropriate for railroad 

traffic, because of the relatively slow deceleration rate of trains. 

Perhaps there was also felt to be a similar danger of rear-end 

collisions among automobiles. In any case the color of red, already 

associated with an attention-commanding communication, was adopted 

and has remained as the convention for taillamps. 

This connotation of "danger" contrasts with the current intent 

of the taillan.p, to Fndica+s the presence of a vehicle, but other- 

wise to do nothing under normal traffic conditions to command 

att.?ntion (other than for detecting closure, or relative velocity). 

ZnC?ed xe might well feel fortunate that another early "after- 
~ 2 :  : ~ j t l l  product, a green stoplamp, did not similarly catch the 
- - --., - -  . , - ,  n.- . a'' enth7~siasm sf automotive pioneers. 

The first SAE recommendations covering stop and turn siqnai 

lam2s were in the 1927 SAE Handbook. 

The development of special lighting equipment for vehicles 



exceed ing  c e r t a i n  d imens ions  i s  a n o t h e r  exa.mple of how a  conven- 

t i o n ' s  o r i g i n a l  i n t e n t  h a s  been l o s t .  F i s h e r  (1968)  p o i n t s  o u t  

t h a t  " t h e  a d v e n t  of l a r g e  t r u c k s ,  and b i ~ s e s  nade  c l e a r a n c e  mark- 

e r s ,  s i d e m a r k e r s ,  and i d e n t i f i c a t i o n  l i g h t s  n e c e s s a r y , "  a l t h o u g h  he  

d o e s  n o t  c i t e  t h e  p a r t i c u l a r  r e a s o n s  why t h i s  was so .  Pe rhaps  w i t h  

t h e  more p r i m i t i v e  road  sys tem,  l a r g e  v e h i c l e s  needed t o  b e  i n t e r -  
--- c e p t e d  b e f o r e  a t t e m p t i n g  t o  t r a v e r s e  b r i d g e s  o r  narrow l ~ : - z ~ ,  ,rr..-c:-- 

cou ld  n o t  accoimodate  t h e i r  g r e a t e r  h e i g h t ,  w i d t h ,  o r  w e l s h ~ .  

S p e c i a l  marking and i d e n t i f y i n g  iamps cou ld  have a s s i s t e d  i n  t h i s  

i n t e r c e p t i o n .  Zn addi t io ' ,  s p e c i a l  marking might  have been ~ s e d  

t o  i d e n t i f y  v e h i c l e s  engaqed i n  i n t e r s t a t e  cormerce.  

SAE f i r s t  e s t a b l i s h e d  c r i t e r i a  f o r  c l e a r a n c e ,  s i d e m a r ~ e r ,  3rd. 

i d e n t i f i c a t i o n  lamps i n  1937. The c o l o r s  were t o  be  w h i t e ,  ye l low,  

o r  g r e e n  ( e x c e p t  i d e n t i f i c a t i o n  lamps were t o  be  o n l y  g r e e n )  t o  

t h e  f r o n t ,  and r e d  t o  t h e  r e a r .  The lamps were i n t e n d e d  t o  i n d i -  

c a t e  ex t reme w i d t h  ( c l e a r a n c e  l a m p s ) ,  t o t a i  l e n g t h  ( s idemarke r  

i a m p s ) ,  o r  t o  " i d e n t i f y  a  s low moving, l a r g e  v e h i c l e "  ( i d e n t i -  

f i c a t i o n  l amps ) .  

The 1939 SAE Handbook e l i m i n a t e d  w h i t e  and g reen  a s  c o l o r s  

p e r m i s s i b l e  f o r  c l e a r a n c e ,  s i d e m a r k e r ,  and i d e n t i f i c a t i o n  lamps,  

and amended t h e  i n t e n t  of  i d e n t i f i c a t i o n  lamps " t o  i d e n t i f y  a  

c e r t a i n  t y p e  of  v e h i c l e . "  E x a c t l y  what " c e r t a i n  t y p e  of v e h i c l e "  

SAE had i n  mind i s  n o t  c l e a r ,  b u t  e x a c t l y  t h e  same wording i s  

r e t a i n e d  i n  t h e  c u r r e n t  r e q u i r e m e n t s  (SAE S t a n d a r d  S592c ) .  How- 

e v e r ,  it can  be  assumed t h a t  t h e  change was made because  t h e  

v e h i c l e s  on which t h e  lamps were b e i n g  mounted were n o t  neces-  

s a r i l y  "s low moving, [ and ]  l a r g e , "  a s  t h e  e a r l i e r  S t a n d a r d  had 

d e s c r i b e d .  T h i s  s u g g e s t s  t h a t  t h e  u s e  of  c l e a r a n c e ,  s i d e m a r k e r ,  

and i d e n t i f i c a t i o n  lamps had by t h a t  time a l r e a d y  become common 

on c e r t a i n  c l a s s e s  of v e h i c l e s .  

Only a h a n d f u l  of s t a t e s  a c t u a l l y  r e q u i r e  i d e n t i f i c a t i o n  

lamps today .  For some r e a s o n ,  however,  t h e  FHWA and t h e  ICC d o  

r e q u i r e  such lamps f o r  u s e  on commercial  i n t e r s t a t e  v e h i c l e s .  

NCUTLO recommends them on a l l  v e h i c l e s  ove r  a c e r t a i n  s i z e ,  



regardless of use. 

PROBLEMS ENCOUNTERED IN THE CURRENT DESIGNS AND APPLICATIONS. 

1. Considerations of Lamp Area and Intensity. The current 

standards for automotive lighting equipment establish photometric 

levels with only occasional reference to lamp area. Minimum lamp 

area is specified directly for t k z  following lighting equipment: 

Turn signal lamps (3.5 or 12.0 square inches, with SAE 

recommending an 8.0 square inch minimum instead of 3.5). 

Brake signal lamps (3.5 or 1 2 . 0  square inches, with SAE 

recommending an 8.0 square inch minimum instead of 3.5). 

School bus loading lamps (19 square inches). 

Flashing warning lamps on authorized emergency, mainte- 

nance, and service vehicles (12 square inches). 

Three hundred and sixty degree rotating beacon-type 

lamps (16 square inches). 

Headlamps (7 inches in diameter for one type, 5 3/4 

inches in diameter for the other; except that motor- 

cycles could have other, smaller types for which no 

size specifications exist). 

Externally-mounted turn signal pilot indicator lamps 

(0.1 square inch). 

Rear presence lamps (but only in a plane 45' canted relative 

to the longituui~ .l axis of the vehicle: 2 square inches). 

Perhaps also to he added to this list would be the reflected light 

off rear-mounted license plates. Two sizes of License plates are 

.reeoT2ended, one for motorcycles, another for all other vehicles. 

. - - .. - e - ??r\ -1 -crs c 
. - ,.,. ,.,. ...,,, f ~ r  the reflectivity of the license plates themselves 

exlsz, however. 

The lack of a clearly and directly defined minimum size 

standard for rear presence lamps is especially noted. Davids (1963) 



p o i n t s  o u t  t h a t  d r i v e r s  w i t h  c e r t a i n  c o l o r  v i s i o ~  a b n o r m a l i t i e s  cou ld  

con fuse  a  l a r g e ,  c i r c u l a r  r e a r  p r e s e n c e  lamp w i t h  a  headlamp. 

Array  cod ing ,  a s  A l l e n  (1970)  men t ions ,  might  h e l p  a l l e v i a t e  t h i s  

problem. 

Most j u r i s d i c t i o n s  which e s t a b l i s h  and e n f o r c e  t h e i r  own 

s t a n d a r d s  on v e h i c l e  o p e r a t i o n  ( i . e . ,  i n d i v i d u a i  s t a t e s  i n  t h e i r  

S t a t e  V e h i c l e  Codes,  and l o c a l  g o v e r n z e n t a i  unL~s i n  thei :  2..--. 

fiances;  a i s o ,  t h e  FHWA and ICC f o r  c e r t a i n  k i n d s  of  c o ~ ~ e r c i a i ,  

i n t e r s t a t e  t r a n s p o r t a ~ i o n )  s p e c i f y  o p e r a t i n g  minimums n o t  i n  lai9p 

s i z e ,  b u t  i n  t n e  minimum d i s t a n c e  a t  which t h e  lainp can be  s~zer.  

under  c e r z a i n  a tmos2he r i c  and ambient  c o n d i t i o n s .  S i n c e  t h i s  c r i -  

t e r i o n  i s  s u b j e c t  t o  t h e  i n t e r p r e t a t i o n  of t h e  o b s e r v e r ,  and by 

o t h e r  f a c t o r s  such  a s  t h e  t e s t  c o n d i t i o n s  under  which t h e  obse r -  
. - 

v a t i o n  i s  c a r r i e d  o u t ,  s u b s t a n t i a l  v a r i a t i o n  cou ld  resclt .  J e v e r -  

t h e l e s s ,  s i n c e  such  a  v i s u a l  t e s t  r e l a t e s  d i r e c t l y  t o  t h e  a c t u a l  

per formance  of such  l i g h t i n g  equipment  under  f i e l d - t e s t  c o n d i t i o n s ,  

t h i s  method i s  n o t  w i t h o u t  s t r o n g  r a t i o n a l  d e f e n s e ,  l a c k  of 

s t a n d a r d i z a t i o n  n o t w i t h s t a n d i n g .  

Even where minimum sizes a r e  s p e c i f i e d ,  no maximum sizes a r e  

g iven .  Forbes  (1966)  p o i n t s  o u t  t h a t  many d r i v e r s  found some b r a k e  

lamps t o  be  e x c e s s i v e l y  b r i g h t  a t  n i g h t .  Merely an i n t e n s i t y  r e -  

qu i r emen t  would n o t  accommodate such  a  problem--s ince b o t h  lamp 

s i z e  and t o t a l  luminous f i u x  a f f e c t  d i s c o m f o r t  g l a r e .  

2 .  Lack of I n c l u s i o n  of C e r t a i n  Types of V e h i c l e s .  Notor- 

d r i v e n  c y c l e s ,  mo to r i zed  b i c y c l e s ,  m o t o r s c o o t e r s ,  and A T V ' s  a r e  

n o t  ment ioned i n  t h e  PMVSS 1 0 8 .  Most s t a t e s  d i f f e r e n t i a t e  among 

t h e s e  v a r i o u s  s u b d i v i s i o n s ,  u s i n g  a s  t h e  c r i t e r i a  e n g i n e  d i s p l a c e -  

ment ,  horsepower ,  wheel  s i ze ,  speed  p o t e n t i a l ,  p a s s e n g e r  c a r r y i n g  

c a p a b i l i t y ,  e t c .  The need f o r  l i c e n s i n g  of such  v e h i c l e s  and/or  

t h e i r  o p e r a t o r s ,  and t h e  l e g a l i t y  of o p e r a t i n g  them on p u b l i c  r o a d s  

v a r i e s  from one s t a t e  o r  j u r i s d i c t i o n  t o  a n o t h e r .  N e v e r t h e l e s s ,  

t o  t h e  e x t e n t  t h a t  such  v e h i c l e s  i n t e r a c t  w i t h  t h e  t r a f f i c  p a t t e r n s  



of t h e  more c o n v e n t i o n a l  t y p e s  ( c a r s ,  t r u c k s ,  buses ,  e t c . )  t h e  need 

f o r  l i g h t i n g  equipment s t a n d a r d s  e x i s t s .  

S i m i l a r l y ,  t h e  r e c e n t  p o p u l a t i o n  exp los ion  of snowmobiles, 

a l l - t e r r a i n  v e h i c l e s  ( A T V ' s ) ,  amphibious v e h i c l e s ,  and o t h e r  

i n d u s t r i a l  an2 r e c r e a t i o n a l  v e h i c l e s  c r e a t e s  t h e  need f o r  some 

kind of uniform l i g h t i n g  e q i p m e n t  s t a n d a r d s .  These v e h i c l e s  a r e ,  

a t  l e a s t  o c c a s i o n a l l y ,  opera ted  i s a r  conven t iona l  t r a f f i c ,  even 

though such o p e r a t i o n  may be l e g a l l y  r e s t r i c t e d  o r  p r o h i b i t e d  

i n  many p l a c e s .  

A r a t h e r  common example of such i n t e r a c t i o n  i n  some n o r t h e r n  

s t a t e s  i s  t h e  p o i n t  a t  which snowmobile t r a i l s  c r o s s  over  p u b l i c  

highways. The l a c k  of s i d e  marking d e v i c e s  ( lamps,  o r  r e f l e x  

r e f l e c t o r s )  on snowmobiles c r e a t e s  an obvious hazard  t o  t h e i r  op- 

e r a t o r s ,  and t o  o t h e r  d r i v e r s ,  e s p e c i a l l y  s i n c e  such c rossover  

p o i n t s  a r e  f r e q u e n t l y  n o t  w e l l  marked on e i t h e r  t h e  road ( f o r  t h e  

oncoming c a r )  o r  on t h e  snowmobile t r a i l .  Car-snowmobile c o l l i s i o n s  

have become f r e q u e n t  enough t h a t  d u r i n g  some months of t h e  y e a r ,  

some a r e a s  f i n d  a g r e a t e r  p r o p o r t i o n  of p r o p e r t y  damage and per-  

s o n a l  i n j u r y  a c c i d e n t s  from t h i s  c a t e g o r y  than  from c o l l i s i o n s  

s t r i c t l y  between t h e  more c o n v e n t i o n a l  v e h i c l e s .  

3 .  S e p a r a t e  S tandards  f o r  C e r t a i n  Commercial Veh ic les .  

C e r t a i n  commercial v e h i c l e s '  l i g h t i n g  systems a r e  r e g u l a t e d  by t h e  

F H W A ' S  Bureau of Motor C a r r i e r  S a f e t y  [BMCS], i n  t h e i r  Motor C a r r i e r  

S a f e t y  Regu la t ions  [MCSR; 49 C.F.R. 293  B ] .  For i n s t a n c e ,  con- 

v e r t e r  d o l l i e s  a r e  n o t  covered under t h e  FMVSS 108, b u t  have c e r -  

t a i ~  r e q u i r e n e n t s  when towed s i n g l y  by ano the r  v e h i c l e  b u t  n o t  

q7.r?es a full t r a i l e r .  

7.,,-?. .._:s:or. - of C e r t a i n  V e h i c l e s  from Kinimum Compartment 
-"--. - 

o r  Lamp S i z e .  FNVSS 108,  s e c t i o n  S4.1.1.7 i n  e f f e c t  r e q u i r e s  t h a t  

i f  m u l t i p l e  compartment o r  m u l t i p l e  lamp a r r a y s  a r e  used f o r  s t o p  

o r  t u r n  s i g n a l  lamps on passenger  c a r s ,  each lamp o r  compartment 

must have an e f f e c t i v e  p r o j e c t e d  luminous a r e a  of n o t  l e s s  than  



3.5 square inches. This standard is also noted in Table 1.6, but 

only for passenger cars, and those multipurpose passenger vehicles, 

trucks, and buses of less than 80 inches overall width. There is 

no comparable requirement for multiple compartment or multiple lamp 

arrays on those multipurpose passenger vehicles, trucks, and buses 

of 80 or more inches in overall width. 

No justification has been giver, why these othsr t y y d s  'u.. u,-- 

nicles have been excluded from this requirement. 

5. Reference to Class A and Class B  lam^ Size and "oto- 

metric Standards. Since the former distinctions between Class k 

and Class B photometric standards are not mentioned in the 1973 - 
SAE Handbook, such reference would best be eliminated altogether 

from MVSS 

pelling reason 

The size requirements remain , although con- 

known that justifies retention the 

Class A/Ciass B distinction. The revised SAE standards seem to 

adapt well the size distinctions without reference the 

"Class" requirements. 

6. Rear Turn Signal Lamp Requirements on Truck Tractors. 

Truck tractors are currently excluded from the requirement that 

all vehicles (except certain motorcycles) must have rear turn sig- 

nal lamps, if their front turn signal lamps are so constructed 

and so located that they can be seen directly to the rear and at 

the normal outboard angles. The same photometric requirements 

must be met for the rear light projected from such a mounting as 

for a regular turn signal lamp, except that the 11-V minimum is 

reduced, and except that no inboard photometric levels need be met. 

Therefore, the driver of another vehicle following a track 

tractor so equipped might be unable to see a right turn signal, 

or even a left turn signal if he is following slightly to the 

right behind the truck tractor. Although the value of such a 

double-faced turn signal lamp as a side turn signal indicator is 

obvious (for instance, to another vehicle passing the truck 



t r a c t o r - w i t h - t r a i l e r  combinat ion i f  he i s  forward of t h e  r e a r  

s i g n a l  lamps' p o s i t i o n ) ,  no c l e a r  r eason  can be seen  f o r  n o t  

r e q u i r i n g  a r e g u l a r  r e a r  t u r n  s i g n a l  lamp f o r  e s p e c i a l l y  t h o s e  

s i t u a t i o n s  i n  which t h e  t r u c k  t r a c t o r  i s  n o t  towing a  t r a i l e r .  

Fur thermore ,  t h e  reduced pho tomet r i c  minimum a t  t h e  11-V 

p o i n t  i s  t o  p e r m i t  t h e  lamp manufGcturer  t o  c o n s t r u c t  a  double-  

f a c e d  t u r n  s i g n a l  lamp which w s c l C  be l e s s  l i k e l y  t o  cause  g l a r e  

t o  t h e  o p e r a t o r  of t h e  v e h i c l e  on which it  i s  mounted. T h i s  r e -  

d u c t i o n  i n  g l a r e  can be accomplished by o t h e r  means ( b a f f l e s ,  

s h i e l d s ,  d i f f e r e n t  mounting l o c a t i o n s ,  e t c . ) .  T h e r e f o r e ,  t h i s  

reduced minimum seems t o  be unnecessary ,  and has  t h e  p r a c t i c a l  

e f f e c t  of making t h e  t u r n  s i g n a l  on such a  l a r g e  (and ,  f r e q u e n t l y ,  

slow-moving o r  s low-responding) v e h i c l e  less l i k e l y  t o  be  seen  

and r a p i d l y  recogn ized  a s  a  t u r n  s i g n a l  f u n c t i o n .  

7 .  Hazard Warning System Can b e  I n c a p a c i t a t e d  by S top  S i g n a l .  

The hazard  warning system, u n l i k e  t h e  t u r n  s i g n a l  system, on many 

v e h i c l e s  does  n o t  o v e r r i d e  t h e  s t o p  s i g n a l  f u n c t i o n  i n  t h o s e  lamp 

housings  o r  a r r a y s  where t h e  two a r e  e l e c t r i c a l l y  combined. There- 

f o r e ,  when t h e  s t o p  s i g n a l  swi tch  i s  a c t i v a t e d  (by a p p l i c a t i o n  of 

t h e  s e r v i c e  b r a k e s )  and t h e  hazard  warning system i s  a l r e a d y  on ,  

a l l  s i g n a l s  ( i n c l u d i n g  t h o s e  i n  f r o n t  a s  w e l l  a s  t h e  r e a r )  on such 

v e h i c l e s  c e a s e  t o  f l a s h  and remain s t e a d i l y  on. 

On c e r t a i n  v e h i c l e s  t h e  s i d e  marker lamps a r e  a l s o  f l a s h e d  

when t h e  t u r n  s i g n a l  f u n c t i o n  on t h e i r  r e s p e c t i v e  s i d e  i s  a c t i v a t e d .  

T h i s  f l a s h i n g  o v e r r i d e s  t h e  normal s i d e  marker lamp f u n c t i o n ,  and 

i s  accomplished e l e c t r i c a l l y  by grounding,  r a t h e r  t h a n  mechanica l ly  

i~ t h e  t > ~ r n  s i c p a l  swi tch .  One s i d e  of t h e  marker f i l a m e n t ,  which 
. -- - - 

rn - - - 
-,- . i- ' ,..._..- ,r;e "A" s i d e  f o r  convenience ,  i s  connected t o  t h e  

p resence  lamp o u t p u t  l i n e  from t h e  headlamp swi tch .  The o t h e r  

s i d e  of t h e  f i l a m e n t ,  t h e  "B" s i d e ,  i s  connected n o t  t o  t h e  c h a s s i s  

ground ( t h e  c o n v e n t i o n a l  w i r i n g  method f o r  automot ive  l i g h t i n g ) ,  

b u t  i n s t e a d  t o  t h e  r e s p e c t i v e  f r o n t  t u r n  s i g n a l  l i n e .  When t h e  



p r e s e n c e  lamp f u n c t i o n  i s  i n a c t i v e ,  t h e  o p e r a t i o n  of t h e  f r o n t  

t u r ~  s i g n a l  lamp on e i t h e r  s i d e  a l s o  p r o v i d e s  t h e  nomina l  + 1 2  v o l t s  

on t h e  " B "  s i d e  of t h e  s i d e  marker  lamp, w h i l e  t h e  "A" s i d e  of t h e  

s i d e  marker  lamp, connec ted  t o  t h e  i n a c t i v e  p r e s e n c e  lamp l i n e  i s  

a c t u a l l y  grounded t o  t h e  c h a s s i s  f rame th rough  t h e  r e a r  p r e s e n c e  

lamps and th rough  t h e  p a r k i n g  lamps ( on v e h i c l e s  l e s s  t h a n  80 

i n c h e s  overa ; l  w i d t h )  o r  c i e a r a n c e  ~ c d  identification l ~ , p s  1;:. 

v e h i c l e s  of 8 0  o r  more i n c h e s  o v e r a l l .  w i d t h ) .  T h e r e f o r ? ,  t h e  s;dc 

marker l a n p s  f l a s h  i n  phase  w i t h  t h e  t u r n  s l g r i a l s  when t h e  p r e s e n c e  

l m p  f u n c t i o n  i s  i n a c t i v e .  

When t h e  p r e s e n c e  lamp f u n c t i o n  i s  a c t i v a t e d ,  on t h e  o t h e r  

hand,  t h e  "A" s i d e  of  t h e  s i d e  marker  f i l a m e n t s  i s  p rov ided  w i t h  

t i 2  v o l t s ,  w h i l e  t h e  "B" s i d e  i s  i n a c t i v e ,  b u t  a c t u a l l y  groundea 

t h r o u g h  t h e  f r o n t  t u r n  s i g n a l  lamp on t h e  r e s p e c t i v e  s i d e .  When 

t h e  t u r n  s i g n a l  sys tem on t h a t  s i d e  i s  a c t i v a t e d ,  t 1 2  v o l t s  i s  

a l t e r n a t e l y  p rov ided  and t h e n  removed ( " f l a s h e d , "  by means of t h e  

v e h i c l e ' s  t u r n  s i g n a l  f l a s h e r ) .  When t h a t  t 1 2  v o l t s  i s  b e i n g  pro-  

v i d e d  from t h e  t u r n  s i g n a l  f l a s h e r ,  b o t h  t h e  "A" and t h e  "B" 

s i d e s  of t h e  r e s p e c t i v e  s i d e  marker  f i l a m e n t s  a r e  p rov ided  w i t h  

t h e  t 1 2  v o l t s ,  and t h e r e f o r e  t h e  v o l t a g e  a c r o s s  t h e  b u l b  i t s e l f  

i s  z e r o ,  and t h e  lamp i s  e x t i n g u i s h e d .  The r e s u l t i n g  a p p a r e n t  

f l a s h i n g  of t h e  s i d e  marker  lamps (on v e h i c l e s  where t h i s  w i r i n g  

system i s  u t i l i z e d )  when t h e  p r e s e n c e  lamp f u n c t i o n  i s  o n ,  i s  

t h e r e f o r e  e x a c t l y  o u t  of phase  from t h e  r e g u l a r  t u r n  s i g n a l  func-  

t i o n .  T h i s  may b e  u n d e s i r a b l e ,  s i n c e  it may have an e f f e c t  of 

r e n d e r i n g  t h e  s i d e  marker  lamp a s  n o t  a p p e a r i n g  t o  be  p a r t  of  t h e  

same sys tem a s  t h e  o t h e r  lamps and p r o v i d e  a  v i s u a l  d i s c o n t i n u i t y  

which may r e n d e r  i t  more d i f f i c u l t  t o  i d e n t i f y  t h e  v e h i c l e .  For  

example a n o t h e r  d r i v e r  may b e l i e v e  t h e r e  i s  more t h a n  one v e h i c l e  

i n v o l v e d .  

T h i s  same phase  r e l a t i o n s h i p ,  dependen t  upon t h e  a c t i v a t i o n  

o r  l a c k  of a c t i v a t i o n  of t h e  p r e s e n c e  lamp sys t em,  a l s o  h o l d s  t r u e  

f o r  t h e  haza rd  warn ing  system.  T h e r e f o r e ,  on v e h i c l e s  s o  w i r e d ,  



when the presence lamp function is on and the hazard warning system 

is activated, and also when the brake pedal is depressed (thereby 
activating the stop signal function), the hazard warning flash 
freezes "off" in the side marker lamps. This leaves such vehicle 

without any side marker lamps on either side at a time when it is 

especially important that side marking lamps be illuminated as well 

as the hazard warning system. 

A solution to these problems could be accomplished by requir- 

ing that the hazard warning system override the stop signal input 

to the rear lamps on vehicles that utilize this conventional light- 

ing system. (This woald, of course, not be necessary on those 

vehicles where the stop signal function and the rear turn signal 

function are not combined into a single lamp.) 

8 .  Width of Beam on School Bus Loading and Unloading Lamps. 

Present photometric requirements for school bus loading and un- 

loading lamps do not extend beyond 30' from the horizontal line 

through the lamp axis and parallel with the vehicle's longitudinal 

axis. In particular, no component normal to the vehicle's longi- 

tudinal axis is specified. To the extent that school buses load 

or unload only on straight sections of road not close to inter- 

sections, this lack is unimportant. However, school buses on 

occasion load or unload (and have their specialized, alternating 

flashing warning lamps activated) on curved road sections or near 

intersections where onccnisg cross-traffic would have no chance to 

view the loading lamps from within the F30° horizontal range. 

Some consideration should be given to revising the warning 

laE? reouire~.ents for school bus loading and unloading lamps, to 
- - -  ---r-.i.-.c '..am= requirements (perhaps by requiring warning 

l a r . 9 ~  on the sides as well as on the front and rear) so that the 

signals will be visible to drivers approaching the bus from a greater 

angular displacement. 

9. Truck-Tractor Clearance Lamps Indicate Cab Width. 

Clearance lamps on a truck tractor need indicate only the width 

of the cab, not the overall width of the vehicle itself. Further- 

more, since only one identification lamp is required in some states 



on those truck cabs (tractors, or single-chassis trucks) less than 

a certain width, the distinctive feature of the five-lamp array 

(except on trailers) is further compromised. Since the intent 

of clearance lamps is to indicate the extreme width of the truck, 

and to be as high as possible, this suggests the standard permitting 

cab-mounting of the clearance lamps should be chan~ed to reae tY-at 

they must be mounted at the excreme widci~, eveL ~f this p c i , ~ , ~  2 ,  ..- : 
on the cab itself. The requirements for the ldentificatic: Larips 

could remain, except that three shouid be required even on those 

vehicles whose cabs are less than a certain width. On narrow-ci5 

.trucks, the cab usually is situated on the left front side of tke 

chassis. The center lamp of the three identification lamps would 

not be able to be mounted on the vehicle's centerline in this in- 

stance. Perhaps this exception should be specifically allowed in 

the FMVSS 108. 

10. Actuation of Clearance, Side Marker, and Identification 

Lamps. The wiring requirements of FMVSS 108, paragraph S4.5.7, 

apply only to passenger cars and other vehicles less than 50 inches 

overall width. An additional requirement should be made, applic- 

able to those vehicles required to have clearance and identifica- 

tion lamps, that whenever such lamps are on, the taillamps, license 

plate lamp(s), and side marker lamps must be on. Further, clear- 

ance, identification, side marker, license plate, and taillamps 

should be required to be on whenever the headlamps are on. An 

additional "momentary off I' switch (preferably a push-button type) 

should be provided which temporarily extinguishes clearance and 

identification lamps (and, optionally, side marker, license plate, 

and taillamps) when headlamps are on, for the purposes of siynaling. 

Further, the means should be provided for turning the headlamps 

off without turning off the clearance, identification, side marker, 

license plate, and taillamps, also for signaling purposes. This 

can normally be accomplished with the conventional headlamp switch. 

The momentary push-button switch for "blinking" the clearance lamps, 

etc., should be within easy reach of the driver when he is restrain- 



ed by any r e q u i r e d  s e a t  b e l t s ,  shou lde r  h a r n e s s e s ,  o r  o t h e r  

r e s t r a i n i n g  d e v i c e s  i n  p l a c e  d u r i n g  normal o p e r a t i o n  of t h e  v e h i c l e .  

11. Boat T r a i l e r  Exemption from C e r t a i n  Clea rance  Lamp 

Requirements.  Boat t r a i l e r s  c u r r e n t l y  need n o t  have bo th  f r o n t  

and r e a r  c l e a r a n c e  lamps, i f  i n s t e a d  t h e y  have one c l e a r a n c e  lamp 

on each s i d e ,  ye l low f a c i n q  fo rwe-?  and r e d  rearward .  Unladen 

b o a t  t r a i l e r s  and depressed  f  1-at-:~ed t r a i l e r s  ( o r  "lowboys") 

p r e s e n t  a  s p e c i a l  hazard  i n  t h a t  t h e  on ly  mounting s u r f a c e  f o r  

c l e a r a n c e  and s i d e  marker lamps i s  f r e q u e n t l y  w e l l  below t h e  

h e i g h t s  a t  which d r i v e r s  e x p e c t  t o  s e e  such marking d e v i c e s .  

The hazard  i s  e s p e c i a l l y  e v i d e n t  i n  merging t r a f f i c  s i t u a t i o n s ,  

o r  i n  l a n e  change maneuvers i n  which t h e  v e h i c l e  towing such a  

t r a i l e r  i s  o v e r t a k i n g  a n o t h e r  v e h i c l e .  C o n s i d e r a t i o n  should  be 

g iven t o  r e q u i r i n g  some t y p e  of s t r u c t u r e ,  perhaps  c o l l a p s i b l e  

o r  removable d u r i n g  l o a d i n g ,  which would c o n t a i n  a u x i l i a r y  s i d e  

marker and/or  c l e a r a n c e  lamps. 

1 2 .  Use of Rear C lea rance  and I d e n t i f i c a t i o n  Lamps. Although 

FMVSS 108 exempts t r u c k  t r a c t o r s  from t h e  requ i rements  t o  have r e a r  

c l e a r a n c e ,  r e a r  i d e n t i f i c a t i o n ,  r e a r  s i d e  marker lamps, and r e a r  

s i d e  r e f l e x  r e f l e c t o r s ,  some s t a t e s  s t i l l  r e q u i r e  t h i s  equipment.  

The absence of t h i s  equipment means t h a t  when a  t r u c k  t r a c t o r  

i s  n o t  towing a  t r a i l e r ,  it l a c k s  t h o s e  i n d i c a t o r s  t h a t  it i s  an 

o v e r s i z e  v e h i c l e .  Also, i f  a  t r u c k  t r a c t o r  i s  backing on to  a  

road b u t  i s  s t i l l  e s s e n t i a l l y  p e r p e n d i c u l a r  t o  it and j u t t i n g  

i n t c  t h e  t r a f f i c  l a n e ,  t h e r e  a r e  na s i d e  marking d e v i c e s  which 

other drivers can s e e ,  e x c e p t  t h e  r e a r  p resence  lamps ( n o t  v i s i -  

b l ~  if +he t r u c k  i s  s t i l l  p e r p e n d i c u l a r  t o  t h e  d i r e c t i o n  of t r a f f i c ) ,  
. - .  - , .  
, , ,? ,I _.... 7 ,-> 1 :ne front s i d e  marker lamp and r e f l e c t o r ,  o r  t h e  intermed- 

iate s i d e  marker lamp and r e f l e c t o r  i f  t h e  t r u c k  i s  30 o r  more f e e t  

i n  o v e r a l l  l e n g t h .  

On t h e  o t h e r  hand, each v e h i c l e  i n  a  tandem series has  i t s  

own r e a r  marking d e v i c e s  ( c l e a r a n c e ,  i d e n t i f i c a t i o n ,  s i d e  marking,  



and t a i l l a m p s ) .  lilost s t a t e s  p e r m i t  such  r e a r  marking d e v i c e s  or, 

v e h i c i e s  ahead of t h e  r e a r m o s t  v e h i c l e  i n  a  tandem s e r i e s  t o  b e  

e x t i n g u i s h e d ,  s o  l o n g  a s  t h e  r e a r m o s t  v e h i c l e  h a s  a l l  t h e  neces -  

s a r y  lamps. However, t h i s  i s  n o t  r e q u i r e d ,  and t h e  r e s u l t  i s  t h a t  

a  merging d r i v e r ,  a s  he  i s  b e i n g  o v e r t a k e n  i n  t h e  p a s s i n g  l a n e  

by such  a  tandem t r a i l e r  r i g ,  might  m i s t a k e n l y  assume t h a t  wken 

t h e  f i r s t  t r a i i e r  h a s  c l e a r e d  ( h e  can  see i t s  r e d  clearai:cki 1, j .h~-  

t i f i c a t i o n ,  s i d e  marker ,  an6 r e a r  p r e s e n c e  l a m p s ) ,  he  i s  t h e n  a b l e  

t o  pull i n t o  t h e  i e f t  i a n e .  ( T h i s  problem i s  i d r e n t i c a l  t o  t h e  

problem e n c o u n t e r e d  w i t h  ~ n l a 2 e n  b o a t  t r a i l e r s  and " lowboys ,"  ex- 

c e p t  t h a t  i n s t e a d  of t h e  s i d e  marker  iamp b e i n g  t o o  low t o  be s e e n ,  

it may now be  t o o  h i g h ,  s i n c e  no maximum h e i g h t  r e q u i r e m e n t  f o r  

s i 6 e  marker iamps e x i s t s . )  

T h i s  problem c o u l d  be  s o l v e d  by one o r  more of s e v e r a l  changes .  

Yirst,  a  maximum h e i g h t  of  f r o n t  s i d e  marker  lamps on tandem 

t r a i l e r s  ( o r  s e m i t r a i l e r s )  c o u l d  b e  s e t  a t  a b o u t  f o u r  f e e t .  Second, 

r e d  i d e n t i f i c a t i o n ,  c l e a r a n c e ,  s i d e  marker ,  and rear p r e s e n c e  lamps 

on a l l  t h o s e  v e h i c l e s  n o t  t h e  l a s t  i n  a  tandem series c o u l d  h e  re- 

q u i r e d  t o  b e  e x t i n g u i s h e d ,  and p r e f e r a b l y  r e p l a c e d  w i t h  y e l l o w  s i d e  

marker  lamps ,  o r  l e f t  o f f  a i t o g e t h e r .  

T h i s  s u g g e s t i o n  mere ly  r e i n f o r c e s  t h e  p r a c t i c e  of u s i n g  t h e  

c o l o r  r e d  o n l y  on t h e  r e a r  of the l a s t  v e h i c l e  i n  a  t r a i n  of 

v e h i c l e s .  

J o i n a b l e  c o n t a i n e r s  c o u l d  b e  s i m i l a r l y  t r e a t e d .  

13. Mounting L o c a t i o n  of S i d e  Marker Lamps. Although f r o n t ,  

r e a r ,  and when r e q u i r e d ,  i n t e r m e d i a t e  s i d e  marker  lamps must  a l l  

b e  mounted a t  a  h e i g h t  of  n o t  less t h a n  15  i n c h e s  above t h e  l e v e l  

r o a d  s u r f a c e  on which t h e  v e h i c l e  s t a n d s ,  no r e q u i r e m e n t  i s  made 

t h a t  t h e y  a l l  b e  mounted a t  t h e  same h e i g h t  on a  g i v e n  v e h i c l e .  

The r e s u l t  i s  t h a t  a  v e h i c l e ' s  v e r t i c a l  o r i e n t a t i o n  c a n n o t  b e  

a c c u r a t e l y  de t e rmined  mere ly  f rom o b s e r v i n g  t h e  s i d e  marker  lamps. 

S i n c e  t h i s  i n f o r m a t i o n  i s  of i n t e r e s t  t o  d r i v e r ' s  app roach ing  



from t h e  s i d e  ( f o r  i n s t a n c e ,  a t  a  highway i n t e r s e c t i o n ) ,  no 

l o g i c a l  r eason  i s  known f o r  n o t  making t h i s  requirement .  

1 4 .  Use of 360' Beacon Lamps, and Other Emersencv Vehic le  

Lamps. No un i fo rmi ty  e x i s t s  between s t a t e s ,  and f r e q u e n t l y  even 

w i t h i n  s t a t e s ,  concerning t h e  use  of emergency v e h i c l e  s i g n a l  

lamps. For i n s t a n c e ,  i n  some s t - t e s ,  b l u e  lamps a r e  pe rmi t t ed  

only  on p o l i c e  v e h i c l e  whi le  on emergency b u s i n e s s .  I n  some 

o t h e r  a r e a s ,  b l u e  i s  used t o  i d e n t i f y  p r e s s  v e h i c l e s ,  snowplows, 

o r  o t h e r  c e r t a i n  s p e c i a l  v e h i c l e  types .  

The need f o r  n a t i o n a l  s t a n d a r d i z a t i o n  i s  i n c r e a s e d  by t h e  

frequency of i n t e r s t a t e  t r a v e l  on our modern highway systems. 

That  a  s p e c i f i c  type  of s i g n a l  could  mean one t h i n g  i n  one a r e a ,  

and y e t  something e l s e  e n t i r e l y  i n  a n o t h e r ,  i s  obvious ly  confus- 

i n g  t o  t h e  d r i v i n g  p u b l i c .  



2. A REVIEW OF DIFFERENCES IN U.S. AND FOREIGN 
VEHICULAR LIGHTING EQUIPMENT STANDARDS 

OBJECTIVES OF THIS REVIEW 

The original intent of this review was to define the areas 

of congruence and divergence in the lighting equipment standards 

applicable to vehicles manufactured for sale in the United States, 

versus the comparable standards applicable to vehicLes nan~.Laz-  

tured for sale in various foreign countries. This review was 

planned to determine the changes required to convert vehicles 

prepared for the domestic marked instead for sale abroad. 

The initial investigation revealed that the individual 

automobiie companies' foreign sales departments were already fully 

aware of these basic differences in lighting equipment standards, 

and that little new information would be uncovered. Therefore, 

the definitions of divergence are merely summarized in the first 

part of the review, without an extensive country-by-country break- 

down. (unless otherwise specified, congruence in standards will 

be assume5.. Namely, vehicles equipped to meet the U.S. standards 

wili be assumed to meet or exceed the equipment standards in the 

other countries.) 

As work progressed, another benefit of this comparison in 

lighting equipment standards came to our attention. Most coun- 

tries' equipment standards have evolved over a period of time, 

changing to reflect in part the successes and failures of certain 

concepts and items of equipment based on local experiences. 

Therefore, an investigation of the differences between these stan- 

dards might reveal lighting concepts that should be considered 

for use in the U.S. This second subject is covered later in this 

review. 

DETERMINING THE COUNTRIES FOR CONSIDERATION 

To prevent extension of this review to cover the standards 

of every country in the world, some criterion had to be developed 



to limit its scope. Because the original objective concerned 

determining the modifications necessary to enable domestic vehi- 

cles to be sold abroad, the first criterion considered was based 

on export data. Namely, to which countries are U.S.-manufactured 

vehicles most frequently exported? 

According to data froa the U.S. Department of Commerce 

(Report FT-410), as reprinted in ?art by the Motor Vehicle 

Manufacturers Association, some cf the more highly industrial- 

ized nations were among the lowest consumers of U.S.-built auto- 

mobiles. On the other hand, some of the least industrialized 

nations were among the largest consumers. 

This situation may be due to the competitive rivalry exist- 

ing between the more highly industrialized nations. This rivalry 

produces both the implicit trade barriers, as well as the more 

explicit barriers and import quotas. An example of the former 

might be the slightly tighter restrictions imposed by certain 

countries on vehicle lighting equipment mounting locations. 

(From the experience gained in compiling this review, the tighter 

tolerances of the Italian standards could be explained by this 

logic. ) 

Whatever the causes of this unexpected export situation, 

choosing the countries of consideration by these export data alone 

would be inappropriate. 

A second criterion, based on the various countries' levels 

of industrialization, was then developed. The rationale for this 

criterion was that the more industrialized countries are more 

likely tc have developed minimum vehicular lighting equipment 

standards for themselves, based at least in part on consideration 
of the effectiveness of the vario~~s lighting concepts and confiq- 

urations used in their countries in the past. 

Since this second criterion more closely served the function 



intended for the secone part of this review, namely, dealing with 

additional concepts worthy of further consideration, it was used 

as the basic guideline. 

Using this criterion, the following resource materials were 

used in the investigative work done for this review: 

1. "Summary of Foreign ~egulations; ~ighting ~quipment," 

issued by the Technical Regulations Section, Engineering 

Department, GM-Vauxhall. 

2. Various volumes of the "Inter-Europe Vehicle Recplations" 

subscription collection of the Motor Vehicle Manufacturers 

Association. 

3. The "Agreement Concerning the Adoption of Uniform Con- 

ditions of Approval and Reciprocal Recognition of Approval for 

Motor Vehicle Equipment and Parts," and its Addenda, as estabiished 

by the Inland Transport Committee of the Economic Commission for 

Europe of the United Nations. (This reference will hereinafter 

be referred to as "the ECE ~egulations.") 

4. The ECE's draft regulations "Uniform Provisions Con- 

cerning the Approval of Vehicles with Regard to the Installation 

of Lighting and Light-Signaling Devices" (hereinafter referred 

to as "the ECE's recent draft provisions"). 

5. The "IS0 Recommendation R-303, May 1963" of the Inter- 

national Organization for Standardization. 

6. Various other printed resources of less importance. 

A summary of the relationships between the various international 

bodies which authored the above regulations is contained in 

"Lighting, Visibility, and ~ccidents" (Organization for Economic 

Cooperation and Development, 1971, pages 23 and 24.) 

MULTIPLE STANDARDS: CONFLICTING REQUIREMENTS 

Although most industrialized countries have developed their 

own vehicle lighting equipment standards, many have also become 

signatories to various international conventions on such equip- 



ment. The most  w i d e l y  known and fo l lowed  of t h e s e  i n t e r n a t i o n a l  

manufac tu r ing  s t a n d a r d s  i s  t h e  s e t  c o l l e c t i v e l y  known a s  t h e  ECE 

R e g u l a t i o n s .  T h i s  se t ,  i n c l u d i n g  t h e  subsequen t  addenda t o  t h e  

o r i g i n a l  agreement ,  c o n t a i n s  t h e  b a s i c  g u i d e l i n e s  f o r  t h e  d e s i g n  

and i l l u m i n a t i o n  per formance  of  t h e  v a r i o u s  items of  l i g h t i n g  

equipment ,  and t h e  c o n d i t i o n s  of  t h e i r  r e c i p r o c a l  type-acceptance  

by v a r i o u s  c o u n t r i e s .  (The E C E ' s  r e c e n t  d r a f t  p r o v i s i o n s ,  on t h e  

o t h e r  hand,  conce rn  more t h e  i n s t z l l a t i o n  r e q u i r e m e n t s  on p a r t i c u -  

l a r  t y p e s  of v e h i c l e s .  The l a t t e r  a r e  comparable  t o  t h e  F e d e r a l  

Motor V e h i c l e  S a f e t y  S t a n d a r d  No. 108,  whereas  t h e  ECE ~ e g u l a t i o n s  

a r e  comparable  t o  t h e  i n d i v i d u a l  SAE S t a n d a r d s  and Recommended 

P r a c t i c e s .  ) 

I n  some i n s t a n c e s ,  d i r e c t  c o n f l i c t s  e x i s t  between t h e  i n t e r -  

n a l l y  and t h e  i n t e r n a t i o n a l l y  imposed s t a n d a r d s  t o  which t h e  pa r -  

t i c u l a r  c o u n t r y  i s  a  s i g n a t o r y .  I n  most  such i n s t a n c e s ,  t h e  

r e s p e c t i v e  a u t h o r i t i e s  seem w i l l i n g  t o  a c c e p t  l i g h t i n g  equipment  

which meets e i t h e r  t h e  i n t e r n a l  o r  t h e  i n t e r n a t i o n a l  s t a n d a r d s .  

T h i s  d u a l - a c c e p t a n c e  i s  n o t  a lways fo l lowed ,  however. For  

i n s t a n c e ,  a l t h o u g h  West Germany i s  a  s i g n a t o r y  t o  t h e  ECE 

R e g u l a t i o n  No. 5 ,  c o v e r i n g  t h e  d e s i g n  and u s e  of s e a l e d  beam 

heac?lamps, c u r r e n t  West Germany law s t i l l  p r o h i b i t s  t h e i r  u s e  on 

v e h i c l e s  s o l d  i n  t h a t  coun t ry .  The r i g i d i t y  o r  u n i f o r m i t y  of 

enforcement  of t h i s  p r o h i b i t i o n  was n o t  de te rmined .  I r o n i c a l l y ,  

West Germany i s  one of t h o  p i n a r y  i m p o r t e r s  of U.S . -bu i l t  s e a l e d  

beam heaZlamps, a c c o r d i n q  t o  t h e  Department  of  Commerce d a t a  p re -  

v i o c s l y  c i t e d .  ( T h i s  might  b e  expla . ined ,  however, by t h e  f a c t  

J:hzt Tans  v e h i c l e s  i n t e n d e d  f o r  e x p o r t  t o  and s a l e  i n  t h e  U.S. 

:re p.anu%ctured and assembled i n  West Germany f a c t o r i e s . )  

DTFFEREWCES I N  STANDARDS FOR SPECIFIC L I G H T I N G  EQUIPMENT 

The most s i g n i f i c a n t  d i f f e r e n c e s  between t h e  v e h i c u l a r  

l i g h t i n g  equipment  s t a n d a r d s  a p p l i c a b l e  t o  v e h i c l e s  manufac tured  

f o r  s a l e  i n  t h e  Un i t ed  S t a t e s  and t h e  comparable  s t a n d a r d s  a p p l i c a -  

ble t o  v e h i c l e s  manufac tured  f o r  s a l e  i n  many of  t h e  o t h e r  p r i -  



nary industrial countries concern the location ci and supplement 

to the front turn signal lamps. Differences of somewhat less 

significance concern the mounting locations of the various items 

of lighting equipment, their photometric characteristics (color, 

beam pattern, intensity), special headlamp controls, and special 

requirements for larger vehicles. Each of these areas is dis- 

cussed in greater detail in the next few pages. 

A. Supplement to the Front Turn Signal Lamp. In three 

countries (Denmark, Korway, and Italy) the conventional front 

and rear turn signal lamps must be supplemented by a side-mounted 

signal lamp each side of the vehicle. Several other 

countries require these supplemental turn signal iamps on vehicles 

greater than 19' 8" ( 6  m) in length. The location of these lamps 

is specified in the various countries as being not further rear- 

ward than the front third of the vehicle, not further rearward 

than the front edge of the load-carrying body, or not further rear- 

ward than 5' 11" (1.. 8 m) from the vehicle1 s leading edge. 

In those three countries where these lamps are required on 

all vehicles exclusive of length, each lamp must project light 

horizontally rearward to as much as within 5' of the vertical 

plane passing through the lamp and parallel with the vehicle's 

longitudinal axis. In one country (Italy), this lamp must also 

project light continuously forward to the forward projection of 

that same vertical plane. 

In the other countries which require side-mounted turn 

signal lamps on larger vehicles, these lamps must, in some 

instances, project light horizontally forward and rearward to 

5' inboard. A single lamp designed to meet all of these require- 

ments would have to project light through a horizontal angle of 

at least 190'. 

Side-mounted turn signal lamps must also project light ver- 

tically to as much as 30' above and 30' below the horizontal 

plane passing through their centers. 



The exact intent of these side-mounted turn signals (i.e., 

whether they may serve as a supplement to or a replacement of 

the front and/or the rear turn signal lamps on the respective 

side) varies from one country to another. Actually, several 

different specific types of side-mounted turn signal lamps are 

identified by some countries (for instance, England's shoulder, 

side, and flank indicators) and by the ECE Standards. The com- 

posite described above is that which would be necessary to meet 

the requirements for all such lamps which are necessary to sup- 

plement the more conventional front and rear turn signal lamps 

in the countries of consideration. 

B. The Color of Proiected Liqht from Certain Markinq and 

Signaling Lamps. In the early 1 9 6 0 ' ~ ~  the U.S. standards were 

changed to require that front turn signal lamps project yellow 

instead of white light. The color of projected light from park- 

ing lamps was then permitted to be either yellow or white. (The 

color of light projected from front clearance and identification 

lamps on vehicles over a certain size had for some time been 

required to be yellow.) Some foreign countries require that 

yellow be the color of light projected from the front turn signal 

lamps, although most other countries permit either white or 

yellow. However, most countries require that the front presence 

lamps project white light. 

For export to some couLtries, domestic vehicles need modi- 

fication which merely replaces the yellow lens of the combination 

parking lamp/front turn signal lamps with a white one. In other 

instances, however, this modification requires the addition of 

??parate lz~n~p housings, since a r2quirement for a white parking 

lii?,p an6 a yellow front turn signal lamp make the two functions 

incompatible in the same housing. 

Some foreign countries require that the color of light pro- 

jected from the rear turn signal lamp be yellow. Many permit 



either red or yellow. Many require red (some permit yellow) for 

the brake signal lamp. Virtually all require red for the rear 

presence lamp function. On vehicles intended for sale in those 

countries requiring a yellow rear turn signal lamp, a separate 

lamp housing solely for the rear turn signal function is there- 

fore required. On many U.S.-built vehicles, this presents no 

major problem, since they are already equipped with multiple rear 

lamp housings. Only a change in lens color and socket indexing 

is required in addition to the modifications in the wiring system. 

On U.S.-built vehicles with only single rear lamps on each side, 

however, separate housings need to be installed to provide the 

yellow rear turn signal. 

Most countries permit yellow as well as white for the backup 

lanp(s), and one country (~rance) requires yellow instead of 

white. (France also requires yellow headlamps. ) 

C. The Location of Lamps and Reflectors on Motor Vehicles. 

Differences between foreign and U.S. standards for the mounting 

of lighting equipment are shown in Table 2.1. In general, the 

mounting locations (or ranges) specified by the various foreign 

countries are somewhat more restrictive than those permitted by 

the U.S. standards. Listed in Table 2.1 are those specific re- 

quirements where lamps or reflectors installed to meet U.S. 

standards may fail to meet the comparable foreign standards. 

(The most restrictive requirements are generally cited, unless 

otherwise noted.) 

D. Special Lighting Equipment Required on Certain Larger 

Vehicles. Although most countries require some special lighting 

equipment on large and special-use vehicles, none make as exten- 

sive requirements as does the U.S. for clearance, identification, 

and side marker lamps. In general, these special marking lamps 

must  project a  d i f f u s e d  white light if f a c i n g  to the front or 

side, and a red (in one country, yellow) light if facing to the 



TABLE 2.1. C o n f l i c t s  Between F o r e i g n  and U.S. L i g h t i n g  
S t a n d a r d s  f o r  Lamp Mounting L o c a t i o n s  (Con t . )  

Lamp Requirements  
F o r e i a n  Uni ted  S t a t e s  

F r o n t  and Xear 
Turn S i ~ n a i  L a m ~ s  

Min h e i g h t ,  lower  edge 
lamp c e n t e r  

Max h e i g h t ,  upper  edge 
lamp c e n t e r  

Max i n b o a r d ,  o u t e r  edge 

Min s e p a r a t i o n  between 
t u r n  s i g n a l s  

S i d e  Turn S i g n a l  Lamps 

Min h e i g h t ,  lower  edge 

Max h e i g h t ,  upper  edge 

Max i n b o a r d ,  o u t e r  edge 

Min s e p a r a t i o n  between 
s i d e  t u r n  s i g n a l  lamps 

1 5 . 7 5 '  ( 400 mm) ' 
15"  ( 381 mm) 

59.06" (1500 mm) 
83" (2108 mm) 

15.75" ( 400 mm) 1 a s  f a r  a p a r t  from 
e a c h  o t h e r  a s  

23.62" ( 600 mm) '"I p r a c t i c a b l e  

19.69" ( 500 mm) 

59.06" (1500 mm) 

15.75" ( 400 r n m ) 7 ' 8  

23.62" ( 600 mm) 

' ~ u s t r a l i a  ( t o  t h e  lamp c e n t e r )  and t h e  Republ ic  o f  I r e l a n d  
( t o  t h e  lower edge)  : 16"  (406 mm) . 

2 ~ i n l a n d :  59.06" (1500 mrn) t o  t h e  lamp c e n t e r ;  A u s t r a l i a :  
47.24" (1200 rn) t o  t h e  upper  edge.  

3 ~ i n 1 a n d :  15 .75"  (400 mrn) t o  t h e  lamp c e n t e r ;  I t a l y :  11 .81"  
(300 mm) t o  t h e  lamp edge. 

4 Grea t  B r i t a i n :  2 4 "  (610 rn); A u s t r a l i a :  30" (762 mm) t o  t h e  
lamp c e n t e r .  

5 S e v e r a l  c o u n t r i e s :  r e q u i r e  t h a t  t u r n  s i g n a l  lamps be no 
f u r t h e r  i n b o a r 2  t h a ~  any o t h e r  s i g n a l  lamps on t h e  same s i d e  of 
the ~~eh. i .c le .  

" i~r , lnc! :  59.06" (1500 .m) t o  t h e  lamp c e n t e r .  
'1tslY: 11.81"  (300 ,m) t o  t h e  o u t e r  edge.  

certain l a r q e  v e h i c l e s  i n  some c o u n t r i e s ,  t h e  maximum . . 
r ..-. .. c ~ = ; m -  . ,,. -,E frcm t h e  side-mounted t u r n  s i g n a l  l a m p ' s  i l l u m i n a t e d  
area t o  t h e  v e h i c l e ?  o u t s i d e  edge must be  somewhat less .  



TABLE 2.1, Conflicts Between Foreign and U.S. Lighting 
Standards for Lamp ~ounting Locations (cont.) 

Stop Sianal L a m ~ s  
-- 

Min height, lower edge 15.75" ( 400 mm) '  
lamp center 

Max height, upper edge 59.06" (1500 m m ) l "  
iamp center 

Yax inboarci, outer edge 15.75" ( 400 mm) l , 
Min separation between 
brakelamps 23.62" ( 600 m) 

Rear Presence Lamps 
(Taillamps) 

Min height, lower edge 15.75" ( 400 m m ) 1 2  
lamp center 

Max height, upper edge 59.06" (1500 mm) l 3  

lamp center 

Max inboard, outside edge 15.75" ( 400 rnm) 1 
Min separation between 
taillamps 23.62" ( 600 mm) 1 

15" ( 381 mm) 

as far apart frcirL 
each other as 
practicable 

72" (1829 mm) 

as far apart from 
each other as 
Practicable 

9 Israel: 16.1" (409 mm) to lamp center. 

'O~e~ublic of Ireland: 48" (1219 mm) to upper edge; Italy: 
47.24" (1200 mm) to upper edge; France: 35.43'' (900 mm) to 
upper edge. 

'l~inland: 15.75" (400 mm) to center of lamp; Italy: 11.81" 
(300 mm) to outer edge. 

121srael: 16.1" (409 mm) to lamp center; Canada: 20" 
(508 mm) to lamp center. 

13~ustria: 55.12" (1400 mm) to upper edge; Italy: 47.24" 
(1200 mm) to upper edge; Great Britain: 42" (1067 mm) to upper 
edge; Australia: 42" (1067 mm) to lamp center; Finland: 39.37" 

(1000 mm) to lamp center; Republic of Ireland: 36" (914 mrn) to 
upper edge; France: 35.43" (900 mm) to upper edge. 

1 4  Italy: 11.81" (300 mm) . 
[Note: The e f f e c t  of this minimum separation requirement on 
the use of "bar-type" taillamps is not known for sure.] 



TABLE 2.1. conflicts Between Foreign and U.S. Lighting 
Standards for Lamp Mounting Locations (cont.) 

Parking Lamps (also known 
as "front reserve lanps"; 
"sidelamps" [G.B., etc.1) 

Min height, lower edge 
lamp center 

Max height, upper edge 
lamp center 

Max inboard, outer edge 

Min separations between 
parking lamps 

Reflectors 

Min height, lower edge 

Max height, upper edge 

Max inboard to outer edge 

Min separation between 
reflectors 

15.'5" ( 400 mm)15 
15" ( 381 mm) 

15*75" ( 400 mm) as far apart from 
l 7  I each other as 

23.62" ( 600 mm)" practicable 

15.75" ( 400 mm)19 15" ( 381 mm) 

15*75" ( 400 m, as far apart from 1 each other as 
23.62" ( 600 mm) ) practicable 

l51srae1: 16.1" (409 mm) to lamp center. 

16~inland: 49.21" (1250 mm) to lamp center; Austria and 
Italy; 47.24" (1200 mrn) to upper edge. 

17~reat Britain: 12" (305 mm) to lamp center; Italy: 11.81" 
(300 mm) to outer edge. 

'~ustralia: 42" (1@" mm) between lamp centers. 

19canada: 20" (508 mm) to reflector center. 

20~rance and Israel: 31.50" (800 mm); West Germany: 27.56" 
(700 mrn) to lower edge. 

*l~inland: 15.75" (400 mm) to reflector center. 

IScte: Parking lamp equivalents are required in most countries 
on larger vehicles, in lieu of our clearance and identification 
lamps. In such cases, these lamps usually must be located at 
the outermost edges of these larger vehicles (including trailers), 
or within 5.9" (150 mrn) of the outer edge, The requirements for 
special lighting on larger vehicles are discussed later in this 
review. I 



TABLE 2.1. Conflicts Between Foreign and U.S. Lighting 
Standards for Lamp Mounting Locations (concluded.) 

Backup Lamp (s) 

Min height 

Max height 

9.84" ( 250 mm) none specified 

47.24" (1200 mrn) 2 2  none spezifie6 

Xin height, lower edge 23.62" ( 600 mm) 2 3  
lamp center 24" ( 610 rm) 

Max height, upper edge 47.24" (1200 ;mi) 2 4  

lamp cecter 54" (1372 m,) 

Max inboard, lamp out- 
side edge 15.75" ( 400 mrn) as far apart from 
Min separation between \ each other as 
headlamps (presumably, j practicable 
the outermost ones) 24" ( 610 mm) 

22~taly: 39.37" (1000 mm). 

23~ote: A sealed beam lamp whose center is at 24" (610 rnrr,) 
would have a lower edge below 23.62" (600 mm). 

24~orway and Finland (to the lamp center) and Italy (to the 
lamp upper edge) : 43.31" (1100 mm) ; Denmark and West Germany (to 
the lower edge) : 39.37" (1000 mrn) . 

[Note: Some countries place further restrictions on the 
mounting locations of quad headlamps. In general the pair on 
each side must be mounted such that the space in between them is 
not greater than the width of either headlamp in the same plane, 
or that the illuminated surfaces should have a total of at least 
half that of the smallest rectangle which can be circumscribed 
about the two lamps on each side. However, another requires a 
minimum separation between headlamp centers of 6.19" (157 mm).] 



rear. Vehicles needing such devices are generally distinguished 

by width [as narrow as 53.3" (2.1 m) and wider], length [as short 

as 19' 10.2' ( 6  m) and longer], and/or weight. Two such special 

lamps are usually required on the front and two on the rear of 

the vehicles affected. These lamps can sometimes be combined 

with parking lamps or rear presence lamps if these pre-existent 

lamps are already within 1.97" (59 rm) of the outer edge of the 

vehicle. The mounting heights for these special lamps vary, but are 

generally more restricted, especially in maximum height, than the 

comparable clearance lamps on U.S.-built vehicles. 

Side marker lamps are required in only a few countries. In 

some of these instances, however, there must be as many side 

marker lamps on each side as needed to insure the spacing of one 

at least every 12' (3.66 m) . 
Front clearance-type lamps are sometimes also required on 

trailers, especially those over a certain length, whose width 

exceeds-that of the pulling vehicle by more than 7.87" (200 mm). 

E. Photometric Projection of Light Output. In general, 

lamp photometric projection requirements of the various foreign 

countries call for a greater beam spread than is specified in 

the U.S. standards. In Table 2.2 the first figure given is the 

broadest of the minimum figures for the countries surveyed. The 

second figure (in parentheses) is the comparable U.S. requirement. 

F. Lamp Intensity; Power Requirements and Restrictions. The 

specific photometric requirements for vehicular lighting equipment 

were not investigated for each of the countries covered in this 

review. Instead, Table 2.3 compares the ECE photometric standards 
- ., 

% '--'I. the conparable U.S. ones. These figures are based on the 

intensities at the H-V photometric axis of the lamp. 

The ECE Regulations Nos. 6 and 7 permit rear turn signal 

lamps and stop signal lamps respectively to be either of the 



TAULE 2.2. Geileralized Comparison of Foreign and 
(U.S.)  amp, Ref lector and License Plate 
Visibility Projections. 

Parking lamps 

Front and rear turn 
signal lamps 

Along the H Axis 
(left and r i c h t \  

I 

Side-mounted turn 
signal lamps 

Lamp 

Rear presence lamps 

Along the V Axis 
(UD and down) 

Stop signal lamps 

Backup lamps 

Rear ref lectors 

License plate 
visibility 

outboard 90' (i450) 
inboard 45" 

outboard 90" (2450) 
inboard 4 5 "  

outboard 80" (2200) 
inboard 45" 

 or backup lamps, the inboard angle along the H axis 
needs to be only 30" if two backup lamps are used. 

'~easured from the respective outside edges of the 
license plate. 

[Note: For rear presence, turn and stop signal 
lamps, the actual photometric requirements in the U.S. 
go only to + 2 0 °  along the H axis. However, an additional 
requirement is made that these lamps must be "visible" at 
the greater angle (although no photometric values are given.] 



TABLE 2.3. Comparison of ECE and U.S. Lamp Intensity 
Standards at H-V. 

Rear turn signal lamp (yellow, 
one section, single intensity 
level) 

Stop signal lamp (red, one 
section, single intensity 
level) 

Rear presence lamp (red, one 
section) 

Parking lamps (white or yellow) 

single-intensity type (as describe2 above), or of the dual- 

intensity type. The latter is compared with the U.S. single- 

intensity standards in Table 2.4 on the next page. 

In these sets of figures the problems of photometric com- 

~liance can be seen. Specifically, to meet both the U.S. and the 
-. <. - 
,,.... ::eq-~ircgents,, the stop signal should project no less than 80 cd 

(the U.S. minimum) but no more than 100 cd (the ECE single-intensity 

maximum). Finch (1968) surveyed the stop signal lamps on U.S. 

automobiles of model years 1965 through 1967. The summary of these 





a u t o m o b i l e s  have  t y p i c a l l y  7 . 1  t o  8.3 w a t t  b u l b s  f o r  e a c h  p r e s e n c e  

bulb ( i n c l u d i n g  a r r a y s  u t i l i z i n g  more t h a n  one r e a r  p r e s e n c e  lamp 

on e a c h  s i d e ) .  

Many c o u n t r i e s  r e q u i r e  t h a t ,  i f  t h e  s t o p  s i g n a l  lamp and 

p r e s e n c e  lamp f u n c t i o n s  a r e  combined i n t o  a  s i n g l e  compartment o r  

lamp, t h e  r a t i o  of  i n t e n s i t i e s   st b e  a t  l e a s t  5 : l .  The U.S. 

s t a n d a r d s  r e q u i r e  t h a t  t h e  r a t i o  = o n l y  a t  l e a s t  3:1,  e x c e p t  a t  

l e a s t  5 : l  a t  H-V, H-5L, H-5R, and 5U-V. 

G r e a t  B r i t a i n  r e q u i r e s  t h a t  t h e  minimum and maximum power 

l e v e l s  f o r  s t o p  s i g n a l  lamps must  be  15  and 36 w a t t s  r e s p e c t i v e l y .  

Another  c o u n t r y  ( I c e l a n d )  s p e c i f i e s  a  maximum of  2 0  w a t t s  f o r  

t h a t  lamp. U.S . -bui l t  a u t o m o b i l e s  have t y p i c a l l y  23 t o  26.8 w a t t  

b u l b s  f o r  e a c h  r e a r  s i g n a l  lamp. 

One c o u n t r y  ( F r a n c e )  p l a c e s  a  25 w a t t  maximum on t h e  power 

of  t h e  backup lamp, o r  2 1  w a t t s  a p i e c e  i f  two a r e  used .  Most 

c o u n t r i e s  i n s t e a d  l i m i t  t h e  d i s t a n c e  a t  which t h e  main p o r t i o n  

of  t h e  beam may s t r i k e  t h e  l e v e l  roadway behind  t h e  v e h i c l e .  

G.  Lamp S i z e  Requirements .  V e h i c l e s  manufac tured  t o  meet 

U.S. r e q u i r e m e n t s  on lamp s i z e  w i l l  g e n e r a l l y  meet and u s u a l l y  

f a r  exceed  s i z e  r e q u i r e m e n t s  imposed by o t h e r  c o u n t r i e s .  However, 

no minimum s i z e  r e q u i r e m e n t s  a r e  s p e c i f i e d  i n  t h e  U.S. s t a n d a r d s  

f o r  r e a r  p r e s e n c e  lamps,  p a r k i n g  lamps,  c l e a r a n c e  and i d e n t i f i c a -  

t i o n  lamps,  s i d e  marker l a r > s ,  o r  r e f l e c t o r s .  

I n  g e n e r a l ,  r e a r  p r e s e n c e  lamps,  p a r k i n g  lamps, c l e a r a n c e  

Lamps, and s i d e  marker  lamps of  a t  L e a s t  3 . 1  i n 2  ( 2 0  cm2) s i z e ,  

o r  5 . 2  i n 2  ( 4 0  c m 2 )  on l a r g e r  v e h i c l e s  and t r a i l e r s  o v e r  5 '  11" 

(1.3 rr,) wide ,  w i l l  meet t h e s e  o t h e r  r e q u i r e m e n t s .  Note t h a t  

c l e a r a n c e  and s i d e  marker  lamps on U.S. -bui l t  v e h i c l e s  are gen- 

e r a l l y  much s m a l l e r  t h a n  t h a t .  

H. The C o l o r ,  S i z e ,  and Shape of  R e f l e c t o r s .  I n  most  

European c o u n t r i e s ,  t r i a n g u l a r  r e f l e c t o r s  are mandatory on 

t r a i l e r s  and p r o h i b i t e d  from u s e  on any o t h e r  t y p e s  o f  v e h i c l e s .  



Many c o u n t r i e s  a l s o  r e q u i r e  t h e  use  of r e f l e c t o r s  on t h e  f r o n t  

of a l l  v e h i c l e s  ( i n  some c o u n t r i e s ,  on ly  on t h e  f r o n t  of t h o s e  

over  a  c e r t a i n  w i d t h ) .  

A s  w i th  forward-fac ing p resence  lamps, f r o n t  and s i d e  r e f l e c -  

t o r s  a r e  f r e q u e n t l y  r e q u i r e d  t o  be w h i t e  i n s t e a d  of yel low. S i d e  

r e f l e c t o r s  a r e  r e q u i r e d  on ly  i n  some c o u n t r i e s ,  and then  u s u a l l y  

o n l y  on v e h i c l e s  g r e a t e r  than  a  c e r t a i n  i e n g t h .  The requ i rements  

f o r  side-mounted r e f l e c t o r s  a r e  u s u a l l y  found i n  t h e  same coun- 

t r i e s  and on t h e  same v e h i c l e s  t h a t  s i d e  marker lamps a r e  r e q u i r e d .  

I n  one c o u n t r y ,  r e a r  r e f l e c t o r s  must be orange i n s t e a d  of r ed .  

The c u r r e n t  U.S. s t a n d a r d s  p l a c e  no minimum s i z e  requ i rements  

on " s e r v i c e "  r e f  l e c t o r s  (i. e .  , t h o s e  normal ly  af  f  ixed  t o  t h e  

v e h i c l e  and always d i s p l a y e d ) ,  o t h e r  than  on t h e  s p e c i a l  "Slow 

14oving Veh ic le"  (SMV) r e f l e c t o r s .  Domestic s i z e  and shape r e q u i r e -  

n e n t s  do e x i s t ,  however, f o r  t h o s e  s p e c i a l  r e f l e c t o r s  in tended  t o  

be deployed a t  t h e  scene  of a  l a r g e  v e h i c l e ' s  breakdown. 

Many of t h e  c o u n t r i e s  cons ide red  do p l a c e  minimum s ize  

requ i rements  on s e r v i c e  r e f l e c t o r s ,  r ang ing  from a s  much a s  3.1 i n 2  

( 2 0  cm2) f o r  passenger  v e h i c l e s ,  up t o  a s  much a s  6 . 2  i n 2  ( 4 0  cm2) 

on l a r g e r  v e h i c l e s .  The s p e c i a i  t r i a n g u l a r  t r a i l e r  r e f l e c t o r s  

need t o  be somewhat l a r g e r ,  from 4 .9"  (150 rnm) t o  7.9" (200 mm) 

on each of t h e  t h r e e  s i d e s  ( s e e  ECE Regu la t ion  No. 3). 

I. Color  of Pane l  I n d i c a t o r  o r  P i l o t  Lamps. The ECE s t a n -  

d a r d s  ( p l u s  t h e  s t a n d a r d s  f o r  a t  l e a s t  one c o u n t r y )  r e q u i r e  t h a t  

a  g reen  p i l o t  i n d i c a t o r  lamp be  i l l u m i n a t e d  t o  i n d i c a t e  t h e  func- 

t i o n i n g  of t h e  pa rk ing  lamps. The ECE s t a n d a r d s  pe rmi t  t h i s  

i n d i c a t o r  t o  be d e l e t e d  t h e  i n s t r u m e n t  p a n e l  l i g h t i n g  can be  

tu rned  on on ly  when t h e  pa rk ing  lamps a r e  l i g h t e d .  

The ECE s t a n d a r d s  a l s o  r e q u i r e  t h a t  b l u e  be used a s  t h e  

color of t h e  h igh  beam headlamp p i l o t  i n d i c a t o r  lamp. 



TOPICS SUGGESTED FOR FURTHER INVESTIGATION 

From t h e  r e s e a r c h  f o r  t h i s  r ev i ew o t h e r  t o p i c s  have been 

sugges t ed  a s  b e i n g  worthy of f u r t h e r  i n v e s t i g a t i o n .  Discussed  

i n  o r d e r  a r e  t h e  f o l l o w i n g :  

S i g n a l  lamp cod ing  by c o l o r  and s e p a r a t i o n  of  f u n c t i o n .  

L i m i t a t i o n s  on mounting l o c a t i o n .  

Method of measur ing  p h o . t , ~ m e t r i c  i n t e n s i t y  of m u l t i p l e  

e l emen t  a r r a y s .  

Angles  of p h o t o m e t r i c  p r o j e c t i o n .  

R a t i o s  of p h o t o m e t r i c  p r o j e c t i o n s .  

Dual i n t e n s i t y  s i g n a l  lamps. 

S i d e  t u r n  s i g n a l  lamps. 

Other  new o r  mod i f i ed  s i g n a l  lamps. 

S p e c i a l  marking f o r  l a r g e  and s p e c i a l - u s e  v e h i c l e s .  

The u s e  of r e f l e c t o r s  on t h e  f r o n t  of v e h i c l e s .  

The u s e  of r e f l e c t o r s :  cod ing  by v e h i c l e  t y p e  and 

c o n d i t i o n s  of u s e .  

A. S i g n a l  Lamp Coding by Co lo r  and S e p a r a t i o n  of Func t ion .  

S i g n a l  lamp f u n c t i o n  coding  by c o l o r  h a s  been advoca ted  by a l m o s t  

a l l  of t h e  r e c e n t  i n v e s t i g a t i o n s  of v e h i c u l a r  l i g h t i n g .  The u s e  

of ye l low f o r  t h e  r e a r  t u r n  s i g n a l  lamp, a s  d i s t i n c t  from t h e  

u s e  of r e d  f o r  b r a k e  s i g n a l  lamp, i s  a l m o s t  u n i v e r s a l l y  p e r m i t t e d ,  

and i n  some c o u n t r i e s  i s  r e q u i r e d  on new v e h i c l e s .  

The p r imary  r e a s o n s  c i t e d  i n  p r e v i o u s  s t u d i e s  f o r  n o t  adopt -  

i n g  ye l low a s  t h e  r e a r  t u r n  s i g n a l  lamp c o l o r ,  i n  o r d e r  t o  d i s -  

t i n c u i s h  t h e s e  lamps from r e d  b r a k e  s i g n a l s ,  were t h e  f o l l o w i n g :  

l )  C o n k s i o n  could  r e s u l t  from d e p a r t i n g  from t h e  more 

. ~ r a c i t i o n a l  a l l - r e d  r e a r  l i g h t i n g  c o n f i g u r a t i o n .  

2 )  T h i s  two-color  r e a r  l i g h t i n g  sys tem would r e q u i r e  s e p a r a t e  

lamps f o r  s t o p  and t u r n  s i g n a l s .  

Claims t h a t  c o n f u s i o n  might  r e s u l t  from a  d e p a r t u r e  from 

t h e  t r a d i t i o n a l  c o l o r  scheme have been d i s p r o v e d  by t h e  appar -  



e n t l y  wide p u h l i c  a c c e p t a n c e  of y e l l o w  r e a r  t u r n  s i g n a l  lamps on 

r e c e n t l y  b u i l t  v e h i c l e s .  Most f o r e i g n  m a n u f a c t u r e r s ,  and even  

some domes t i c  m a n u f a c t u r e r s  ( e s p e c i a l l y  t h o s e  of  b u s e s  and semi- 

t r a i l e r s ) ,  a r e  now u s i n g  t h i s  co lor -coded  scheme. 

Most r e c e n t  r e v i e w e r s  of  v e h i c l e  r e a r  l i g h  

i n c l u d i n g  t h o s e  u r g i n g  r e t e n t i o n  of t h e  a l l - r e d  

recommended s e p a r a t i n g  t h e  s t o p  and t u r n  s i g n a l  

a d d i t i o n a l  c o d i n g  redundancy.  Using y e l l o w  f o r  

lamps would c a u s e  them t o  b e  d i s t i n c t  from s t o p  

t h r e e  cod ing  p a r a m e t e r s :  p h a s i n g  ( s t e a d y  v s .  f  

lamp hous ing  ( s e p a r a t i o n )  . 

t i n g  s y s t e m s ,  

scheme, have 

f u n c t i o n s  LS 2: 

r e a r  t u r n  s i g n a l  

s i g n a i  lamps by 

l a s h )  , c o l o r ,  and 

Another  advan tage  t o  d i s t i n g u i s h i n g  between r e a r  s t o p  and 

t u r n  s i g n a l s  by a l l  t h r e e  cod ing  p a r a m e t e r s  i s  t h a t  shou ld  a  

sys tem f a i l u r e  e l i m i n a t e  one of t h o s e  p a r a m e t e r s ,  two s t i l l  remain.  

For example,  i n  t h e  c o n v e n t i o n a l  f i x e d - l o a d - f l a s h e r  sys t em,  i f  

one of t h e  t u r n  s i g n a l  lamp f i l a m e n t s  bu rns  o u t ,  t h e  e l e c t r i c a l  

c u r r e n t  drawn by t h e  r ema in ing  t u r n  s i g n a l  lamps i s  n o t  s u f f i -  

c i e n t  t o  c a u s e  t h e  f l a s h e r  mechanism t o  o p e r a t e  no rma l ly .  An 

o u t a g e  of t h e  f r o n t  t u r n  s i g n a l  f i l a m e n t ,  which would c a u s e  t h e  

f l a s h e r  t o  remain  i n  t h e  "on" phase  would n o t  b e  a s  l i k e l y  t o  

c a u s e  an  i n c o r r e c t  s i g n a l  i n t e r p r e t a t i o n  i f  t h e  r e a r  s t o p  and 

t u r n  s i g n a l  lamps were c o l o r  coded,  s i n c e  a  y e l l o w  lamp would 

s t i l l  b e  on ,  b u t  n o t  f l a s h i n g .  

A s t u d y  of t h e  a d v a n t a g e s  of f u n c t i o n a l  s e p a r a t i o n  and c o l o r  

cod ing  when a v e h i c l e ' s  l i g h t i n g  sys t em h a s  a  m a l f u n c t i o n  f a i l u r e  

i s  c o n t a i n e d  i n  a  s e p a r a t e  r e p o r t  (Mortimer and Domas, 1 9 7 3 ) .  

B. L i m i t a t i o n s  on Mounting L o c a t i o n s .  A s  t h e  p r e v i o u s  

t a b l e s  show, many f o r e i g n  c o u n t r i e s '  m a n u f a c t u r i n g  s t a n z a r d s  

r e q u i r e  l i g h t i n g  equipment  mounting l o c a t i o n s  which a r e  more 

r e s t r i c t i v e  t h a n  r e q u i r e d  i n  t h e  comparable  U.S. s t a n d a r d s .  

For i n s t a n c e ,  t h e  s i g n a l i n g  and marking lamps on t h e  f r o n t  and 

r e a r  of  U.S. v e h i c l e s  must  g e n e r a l l y  b e  mounted " a s  f a r  a p a r t  



from each other as practicable" (referring to similar components). 

This imprecise designation has permitted the mounting of lamps 

somewhat closer together than the extreme outside portion of the 

vehicle side. (Example: the front turn signal lamps on some 

compact- and intermediate-sized cars are mounted substantially 

inboard from the outside edge. 

Therefore, consideration s h c n l d  be given to changing the U.S. 

standards to require that signaling and marking lamps, and espec- 

ially parking lamps, rear presence lamps, and front and rear turn 

signal lamps, be mounted not only as far outboard as possible, but 

also not greater inboard than a specified distance. For instance, 

as stated in the ECE's recent draft provisions, "the extreme outer 

edge of the vehicle and the outer edge of the illuminating surface 

shall not exceed 400 mm" [15.75"1. 

Most foreign countries' vehicle lighting equipment standards 

also require that similar components mounted on the left and on 

the right sides of the vehicle's front and rear be separated by 

at least 600 mm (23.62"). The value of requiring a distinct 

separation between left and right lamps, as compared with presence 

lamps extending across the rear of the vehicle, for instance, 
1 

should be further investigated . More specifically, the extent 

to which the use of a solid bar of light obscures or detracts 

from signals presented by only a portion of that bar should be 

determined. If a negative effect is found, then perhaps some 

minimum separation requirement should be incorporated into the 

U.S. stzndards, especially those covering stop and turn signal 

lamps. 

" Method of Yeasuring Photometric Intensity of Multiple- b *  - 
Element Arrays. In the U.S. standards, separate photometric re- 

quirements are applied to multiple- and single-element (compart- 

'A simulation study (Mortimer, 1970) showed that there was no 
detrimental effect upon the threshold for detecting a change in 
the headway distance. 



ment) lamps. Consideration should be given to changing these 

standards to require that in a multiple-element array, the outer- 

most element be capable of meeting the single-element photometric 

standards at least at the outboard angles. This would insure that 

if the inside elements are concealed, for instance by a following 

vehicle, an adequate light would still be projected by the outer- 

most element at these angles. 

D. Angles of Photometric Projection. The photometric 

req~irements in the U.S. standards covering marking and signal- 

ing lamps generally extend only to +lo0 verticaily and 1120~ hor- 

izontally. The added requirement is made that certain lamps must 

be "visible" at 145O horizontally, but without photometric values 

being specified. 

1. If lamps are to be visible at certain photometric points, 

then rear photometric values should be specified, rather than 

leaving the evaluation of "visible" to such a subjective inter- 

pretation. 

2. Most foreign countries require light projection to 

greater angles, for some countries for some lamps to as much as 

90' horizontally outboard. A comparison of these requirements 

was contained in a previous section of this review. Considera- 

tion should be given to increasing the projection requirements 

in the U.S. standards. The projection from presence or marking 

lamps (parking lamps, rear presence lamps, side marker lamps, and 

on certain vehicles clearance and identification lamps) should 

extend (with actual values stipulated) to at least F 4 5 O  horizon- 

tally, to insure that vehicles are lighted from all horizontal 

directions. (In the current U.S. standards only side marker, 

clearance, and identification lamps have actual photometric require- 

ments extending as far as + 4 5 O  horizontally.) The requirements 

for signaling lamps should be determined after consideration of 

the driving environments and visual angles most frequently 



encountered. Signal lamps may need a significant increase in 

their horizontal outboard projections, and perhaps somewhat less 

of an increase for the inboard angles. 

E.  Ratios of Photometric Projections, The current U.S. 

standards require a minimum 3:l ratio between the intensities 

of a signal lamp and a markinq I -?p  at all points on and above 

the H axis when the two lamp func5ons are combined in the same 

lamp or housing. In addition, a minimum ratio of 5:l is required 

at certain points (H-V, H-5L, H-5R, and 5U-V). Consideration 

should be given to whether or not a 3:l minimum ratio is suffi- 

cient to insure detectability of the onset of the signal, or to 

insure recognition that the signal is on when the onset is not 

observed. 

Many other countries require that this minimum ratio by 5:1, 

without limiting the application of this measure to the select 

number of points, described above, in the U.S. standards. 

F. Dual Intensity Signal Lamps. Many countries now permit, 

and some are considering requiring, dual-intensity rear signal 

lamps. Forbes (1966) developed formulas useful for determining 

the intensity requirements for red signal lamps as a function of 

lamp surface area. Mortimer (1970) has proposed specific photo- 

metric ranges, based on test data, for red, yellow, and blue- 

green signal lamps as a function of lamp area and driving environ- 

ment (night vs .  day). 

The following tab]-e (2.5) compares Mortimer's (1970) recommenda- 

tions for a lamp of 8.0 square inches (the current SAE recom- 

r ended minimum for passenger vehicles) with the ECE dual-intensity 

s.:a?Car2s for red and yellow signal lamps. Mortimerls minimum 

values are about twice the ECE minimum values, but the ranges over- 

lap (although just barely for nighttime red). The maximum values 

range from not quite twice to more than seven times the ECE max- 

imum values. A study described in section 5 of this report shows 



TABLE 2.5. Comparison of ECE Standards and Nortimer's (1970) 
Recommendations for ~ual-Intensity Standards 
for n ell owl and Red Signal Lamps. 

Yeiiow 175 cd 700 cd 350 cd 5000 cd I 

Color of 
Signal 

Yellow Night 1 40 cd 120 cd / 85 cd 200 cd 
I 

Red 

i 1 t 

Time of Use 

h o t  flashing. 

ECE Standard 
Min Max 

Red 

that the values are aiso dependent on other coding characteristics 

of the rear lighting configuration. 

Mor timer 
2ecommendation 
Min Max 

G. Side Turn Signal Lamps. Mortimer (1970) and others 

have recommended the use of side turn signal lamps. This lamp 

Night 1 30 cd 80 cd 
L 

would be comparable to the British "flank indicator," the ECE 

70 cd 160 cd 

"category 5" turn signal, or the SAE "side turn signal lamp" 

(SAE Recommended Practice J914, 1968). The intent of this special 

turn signal would be to give a warning to other drivers who are 

alongside or overtaking from the rear. The SAE side turn signal 

lamp is meant to project primarily rearward, but also as far out- 

ward as the vertical piane perpendicular to the vehicle's longi- 

tudinal axis and passing through the lamp. 

Mortimer found that the current SAE intensity recommendations 

were close to those desired, based on a series of subjective day, 

dusk, and nighttime tests at various angular locations, but only 

if a single-intensity system were used. Eie recommends that a duai- 

intensity system, operated in conjunction with a dual-intensity 



system on the vehicle's other signal lamps, be used instead. 

The ECE standards and those of other countries requiring 

flank indicators on some or all vehicles specify minimum inten- 

sities considerably below those in SAE J914. The minimum inten- 
sities in these foreign stanZar3.s are more closely related to 

the concept of the exterior turn signal indicator lamp, as des- 

cribed in SAE Standard J588e, pariigraph 4.5.3 (1970). 

H. Other New or Modified Signal Lamps. The wide angles 

of photometric projection specified for signal lamps in the 

lighting standards of many foreign countries, as discussed in 

Section D, suggest another question: Are there other current 

or new lamp functions which need indication on vehicles beyond 

their present application? 

For instance, should stop signal lamps project to the sides 

or the front, as well as to the rear. An argument could be made 

that the function of braking should be indicated on all sides 

of the vehicle. 

The color of a front-mounted stop lamp should not be red 

to avoid confusion between the front and the rear of vehicles, and 

since red on the front is almost universally reserved for emergency 

vehicles. On the other hand, the use of yellow might be confused 

with the front turn signal lamps unless some other coding para- 

meter were used, such as lamp mounting location. Results of a 

preliminzry study suggested that a forward-facing stop signal de- 

serves further consideration (Post and Mortimer, 1971). 

The overall question of signal visibility is also ultimately 
. : .. .-r,;. t~ ? k c  problem of drivers' inability to process large amounts 

of signal information without the possibility of confusion or 

distraction detracting from those signals which are most important. 

I. Special Marking for Large and Special-Use Vehicles. As 

noted previously, many foreign countries require special marking 



lamps 

of t h e  

S t a t e s  

e v e r .  

v e h i c l  

and r e f l e c t o r s  f o r  c e r t a i n  v e h i c l e s  and t r a i l e r s  

s e  r equ i rements  a r e  a s  e x t e n s i v e  a s  t h o s e  i n  t h e  

f o r  c l e a r a n c e ,  i d e n t i f i c a t i o n ,  and s i d e  marker  

The whole q u e s t i o n  of s p e c i a l  marking f o r  l a r g e  

e s  needs s p e c i a l  a t t e n t i o n .  

. None 

United 

lamps, how- 

o r  slow 

Another type  of s p e c i a l - u s e  v e h i c l e  i s  t h e  emergency v e h i c l e .  

Most c o u n t r i e s  have s p e c i f i c  s t a n d a r d s  concerning s p e c i a l  i i g h t -  

ing  and a u d i t o r y  d e v i c e s  f o r  p o l i c e ,  f i r e ,  ambulance, and o t h e r  

emergency v e h i c l e s .  I n  g e n e r a l ,  t h e  use  of r o t a t i n g  beacon iarnps 

( o r  t h e i r  more r e c e n t  r ep lacements ,  s t r o b e  l amps) ,  a l t e r n a t i n g  

f l a s h i n g  lamps, and c e r t a i n  lamp c o l o r s  i s  r e s e r v e a  f o r  emergency 

o r  highway maintenance v e h i c l e s .  Other  t h a n  t h e s e  g e n e r a l  des-  

c r i p t i o n s ,  ve ry  l i t t l e  u n i f o r m i t y  o r  equipment s t a n d a r d s  f o r  

emergency v e h i c l e s  e x i s t s  between c o u n t r i e s ,  o r  even between t h e  

v a r i o u s  j u r i s d i c t i o n s  w i t h i n  t h e  same coun t ry .  Because of t h e  

i n c r e a s i n g  m o b i l i t y  of t h e  d r i v i n g  p o p u l a t i o n ,  some s t a n d a r d i z a -  

t i o n  seems d e s i r a b l e .  The s p e c i a l i z e d  types  of emergency equip-  

ment used i n  t h e  v a r i o u s  f o r e i g n  c o u n t r i e s  d e s e r v e s  c o n s i d e r a t i o n  

f o r  use  d o m e s t i c a l l y ,  and v i c e  v e r s a .  

J. The Use of R e f l e c t o r s  on t h e  F r o n t  of Veh ic les .  Two 

f o r e i g n  c o u n t r i e s  r e q u i r e  w h i t e ,  f r o n t  r e f l e c t o r s  on a l l  v e h i c l e s .  

Many o t h e r s  r e q u i r e  w h i t e ,  f r o n t  r e f l e c t o r s  on t r a i l e r s  and semi- 

t r a i l e r s .  C u r r e n t  U.S. s t a n d a r d s  do  n o t  r e q u i r e  r e f l e c t o r s  on t h e  

f r o n t  of any v e h i c l e s .  ( A  p r o p o s a l  h a s  been made [37  FR. 1 6 0 0 2 1  

t h a t  r e f l e c t o r s  be p e r m i t t e d  t o  be used i n  l i e u  of f r o n t  c l e a r a n c e  

lamps on c e r t a i n  c l a s s e s  of s e m i - t r a i l e r s ,  however.) 

I n  1 9 7 0  t h e  U.S. adopted t h e  requ i rement  of " f r o n t  r e s e r v e  

lamps,"  whereby a  v e h i c l e ' s  f r o n t - s i d e  dimensions could  be iden-  

t i f i e d  d u r i n g  o p e r a t i o n  a t  n i g h t  even i f  one of i t s  headlamps were 

n o t  o p e r a t i n g .  T h i s  was accomplished by w i r i n g  t h e  p a r k i n g  lamps 

such t h a t  t h e y  remained on whenever t h e  r e a r  p resence  lamps were 

i l l u m i n a t e d  (namely, i n  e i t h e r  t h e  "pa rk ing  lamp" o r  t h e  "headlamp" 



p o s i t i o n  of t h e  headlamp s w i t c h ) .  Before t h e  requi rement  f o r  t h e  

f r o n t  r e s e r v e  l i g h t i n g  system was i n s t i t u t e d ,  t h e  a l t e r n a t i v e  

use  of f r o n t  r e f l e c t o r s  was cons idered .  Th i s  a l t e r n a t i v e  was d i s -  

missed a s  be ing i n e f f e c t i v e .  

However, t h i s  l e a v e s  U.S. (and most f o r e i g n )  v e h i c l e s  wi th-  

o u t  f r o n t  marking p r o t e c t i o n  wher a l l  of t h e  v e h i c l e ' s  forward 

lamps a r e  e x t i n g u i s h e d  ( f o r  ins ta r i ce ,  d u r i n g  a complete e l e c t r i -  

c a l  f a i l u r e ,  o r  whi le  t h e  v e h i c l e  i s  p a r k e d ) .  C o l l i s i o n  d a t a  may 

s u g g e s t  t h a t  f r o n t  r e f l e c t o r s  a r e  d e s i r a b l e .  

K.  The Use of R e f l e c t o r s :  Coding by Veh ic le  Type and 

Condi t ion  of Use. I n  d e s i g n i n g  and s p e c i f y i n g  t h e  use  of veh i -  

c u l a r  s i g n a l  lamps, t h e  v a r i o u s  r e g u l a t o r y  a u t h o r i t i e s  have 

assumed t h a t  t h e  e l e c t r i c a l  system of every  v e h i c l e  on which t h e  

lamps a r e  mounted i s  i n  p roper  working o r d e r .  For normal v e h i c l e  

o p e r a t i o n s ,  t h i s  assumption i s  probably  j u s t i f i e d  s i n c e  few 

v e h i c l e s  can be o p e r a t e d  w i t h  massive e l e c t r i c a l  system f a i l u r e s .  

Th i s  assumption i s  n o t  j u s t i f i e d  d u r i n g  t h e  occurrence  of a  

v e h i c l e  breakdown, however, o r  i n  t h e  c a s e  of parked v e h i c l e s .  

Four-way hazard  f l a s h i n g  lamps should be d i s p l a y e d  on any 

v e h i c l e  which i s  s u f f e r i n g  a  breakdown and whose l o c a t i o n  pre-  

s e n t s  a hazard  t o  o t h e r  v e h i c l e s .  But what o p t i o n s  a r e  l e f t  t o  

t h e  o p e r a t o r  of such a  v e h i c l e  i f  t h e  n a t u r e  of t h e  breakdown i s  

i n  t h e  e l e c t r i c a l  system wLich p r e v e n t s  t h e  o p e r a t i o n  of such 

hazard warning lamps? 

T r a d i t i o n a l l y ,  s p e c i a l  warning d e v i c e s  have been used f o r  

such occur rences ,  i n c l u d i n g  a u x i l i a r y  f l a g s ,  r e f l e x  r e f l e c t o r s ,  

f u s e e s ,  and l a n t e r n s  deployed back down t h e  road towards oncoming 

t r a z f i c  i n  t h e  n e a r e s t  l ane .  The need f o r  d i s t i n g u i s h i n g  t h e s e  

s i g n a l i n g  d e v i c e s  should be obvious.  S ince  t h e  u s e  of f u s e e s ,  

and ( t o  a  l e s s e r  e x t e n t )  l a n t e r n s  and f l a g s  i s  n o t  found e x c e p t  

i n  such s p e c i a l  c i r cumstances ,  no unusual  concern e x i s t s  i n  t h e i r  



use insofar as it attempts to express a distincc and somewhat 

urgent message. 

The following three basic message categories are suggested 

in which reflex reflector displays are needed: 

1. Indication of the Presence of a "Normal" Vehicle in 

"Normal" Operation. Within this category would be included the 

side, rear, and if adopted, front reflex refiectors of ali 

vehicles capable of and likely to be maintaining "i-.ormal" (i.e., 

xoderate or high) velocities on a highway. These side and rear 

reflectors also serve to mark the vehicle in case of a minor 

bulb outage problem wlth the side marker or rear presence lamps. 

2. Indication of the Presence of an "Unusual Vehicle" in 

"Normal" Operation. Within this category would be included the 

side and rear reflex reflectors of oversized vehicles and other 

vehicles probably unable to maintain normal highway speeds. This 

general concept is already recognized in the "Slow-Moving-Vehicle" 

(SMV) triangular reflector as used on farm implements and horse- 

drawn conveyances. Note that in most foreign countries, a 

reflex reflector of similar equilateral triangular shape is re- 

served specifically for and required on all trailers (see ECE 

Regulation No. 3) . 
3. Indication of the Presence of a Vehicle in a Non- 

Operational Situation. Within this category would be included 

vehicles parked on or off the traveled portion of a normal traf- 

f ic lane. 

The need for improved passive, nighttime marking of vehicles 

was shown in a study of collision data by Mortimer and Post (1972), 

with special emphasis on reflectorization displays that help 

drivers to distinguish a parked vehicle from others. 





3.  REVIEW OF EFFECTIVENESS OF SEPARATION OF FUNCTION 

A r e d d i l y  a p p a r c n t  problem wi th  t h e  conven t iona l  r e a r  l i g h t -  

i n g  system i s  t h e  d i f f i c u l t y  i n  de te rmin ing  a t  n i g h t  i f  a  v e h i c l e  

ahead i s  showing a  p resence  o r  a  b rake  s i g n a l .  Th i s  i s  because  

t h e  lamps showing t h e  p r e s e n c e  i n d i c a t i o n  and t h e  b rake  s i g n a l  

a r e  t h e  same, and t h e  s i g n a l  must be  d e t e c t e d  on t h e  b a s i s  of 

t h e  i n c r e a s e  i n  i n t e n s i t y  which o c c u r s  when t h e  b r a k e  s i g n a l  i s  

g iven .  I f  t h e  d r i v e r  i s  look ing  a t  t h e  r e a r  lamps of  t h e  v e h i c l e  

ahead when t h e  i n t e n s i t y  change t a k e s  p l a c e  he  would be expec tea  

t o  d e t e c t  t h i s  d i f f e r e n c e  q u i t e  r e a d i l y .  A minimum 5 : l  i n t e n s i t y  

r a t i o  between p resence  l i g h t s  and b rake  l i g h t s  i s  r e q u i r e d  

(SAE J575d,  1967) by FMVSS-108. While t h i s  i n t e n s i t y  r a t i o  would 

be adequate  t o  a l low r e l i a b l e  d e t e c t i o n  of t h e  s t o p  s i g n a l  i f  t h e  

d r i v e r  viewed t h e  s i g n a l  d u r i n g  t h e  t r a n s i t i o n  from presence  t o  

s t o p  i n t e n s i t i e s ,  i t  would be  i n a d e q u a t e  f o r  an a b s o l u t e  judgment 

t o  be made. This  tendency t o  confuse  p r e s e n c e  l i g h t s  and b rake  

s i g n a l s  was shown by Rockwell and Banasik (1968) .  

The t ime t aken  t o  respond t o  s i g n a l s  g iven  by e i g h t  r e a r  

l i g h t i n g  systems was measured by Mortimer (1969a) .  Th i s  

was one of  t h e  f i r s t  l a r g e - s c a l e  r e a r  l i g h t i n g  sys tem e v a l u a t i o n s  

of t h e  concep t s  of f u n c t i o n a l  s e p a r a t i o n  and c o l o r  coding.  I n  one 

of t h e s e  systems t h e  p resence  l i g h t s  were g iven  by two lamps and 

an a d d i t i o n a l  two lamps were used t o  p r e s e n t  s t o p  and t u r n  s i g n a l s .  

I t  was found t h a t  t h i s  four-lamp, a l l  r e d ,  system produced s i g -  

n i f i c a n t l y  s h o r t e r  r e a c t i o n  times t o  t h e  s t o p  s i g n a l .  T h i s  s t u d y  

a l s o  showea t h a t  c o l o r  coding,  w i t h  s e p a r a t i o n  of f u n c t i o n ,  was 

an a d d i t i o n a l l y  e f f e c t i v e  t echn ique .  Th i s  s t u d y  was augmented by 

a  s e r i e s  of dynamic, d r i v i n g ,  s t u d i e s  conducted t o  e v a l u a t e  r e a r  

l i g h t i n g  systems i n c o r p o r a t i n g  s e p a r a t i o n  of  f u n c t i o n  and c o l o r  

coding hy comparison w i t h  t h e  p r e s e n t  system. I n  t h e  f i r s t  of 

t h e s e  s t u d i e s  e i g h t  r e a r  l i g h t i n g  sys tems were a g a i n  used ai or timer, 

1 9 6 9 b )  w i t h  a  5 : 1  i n t e n s i t y  r a t i o  o b t a i n e d  by u s i n g  7  c a n d e l a s  f o r  



presence lights and 35 candelas for signal lights, The findings 

of this study clearly showed that the response time of a follow- 

ing driver in both urban and rural driving conditions could be 

reduced by rear lighting display design. Partial separation of 

function, using all red lights. was effective and improved by 

complete functional separation 3f presence, turn, and stop lamps. 

The systems that included color coding and functional separation 

provided even better performance. The effectiveness of these 

systems, compared to the current system, was also indicated by 

the significantly greater number of signals missed with the 

current system than the experimental systems. Subjective evalua- 

tions made by the drivers showed that they also considered that 

the systems incorporating functional separation were more effec- 

tive than the current system, The proportion of missed signals 

decreased as the extent of the functional separation, from partial 

functional separation to complete functional separation, was 

increased. 

In a subsequent series of dynamic driving tests the same 

experimental paradigm was used. The main variation involved the 

use of different intensity ratios and absolute intensities 

(Mortimer, 1970). Five of the previously used rear lighting 

systems were evaluated in this series of tests in one of which 

signal light intensity wac 91 candelas and presence light inten- 

sity was 7 candelas, for an intensity ratio of 13:l. In the 

second study an intensity ratio of 13:l was again used but the 

signzl light intensity was 35 canzelas and the presence light 

intensity was 2.7 candelas. These tests were conducted in order 

'-3 cc-?are them with the previous study mentioned (Mortimer, 

1969S) to determine the effect of the intensity ratio and the 

absolute intensity level. The findings from these studies have 

remained remarkably stable, and are therefore rather impervious 

to these variables, It was again found that performance of a 



following driver in response time required to detect a signal 

was decreased as partial or complete functional separation was 

introduced. In addition, errors in signal identification were 

also reduced, though this difference was not statistically sig- 

nificant. A significant reduction in the nuder of missed aig- 

nals was found for experimental systems compared to the currefis 

system. The subjects again rate2 the systems using functional 

separation as significantly more effective than the current system. 

These extensive studies have quite clearly and repeatedly 

shown the value of separating lamps according to their function. 

The benefits that accrue from such displays were to reduce errors, 

reduce the number of signals that are missed--potentially a very 

hazardous condition in close car following, reduce response times 

to stop and turn signals, and apparently provide drivers with 

the impression that the experimental systems offered greater 

effectiveness in displaying the signals. 

The reliability of systems using functional separation needs 

also to be considered in comparison with the current system. 

Reliability can be degraded in the event that there is a malfunc- 

tion in the flasher or if a bulb filament is burnt out. In the 

present system if the flasher is not operating a continuous 

signal will be given on the turning side. A following driver may 

confuse this malfunction as representing a stop signal with the 

filament on the nonturning side burnt out, or he may interpret 

correctly that a malfunction of the flasher exists. Detection of 

such a signal will, in any event, be decreased. For systems 

employing a partial functional separation with four red lamps, 

the preferred arrangement would be to combine the turn signal 

with the presence light and to separate out the stop signal in 

two separate lamps. In such a system a malfunction in the flasher 

would be indicated as a continuously burning high intensity lamp 



on the turning side. This could be confused in the same way as 

for the current system until the brakes are applied when two 

additional lamps would be lighted. Therefore, the brake signal 

would not be degraded. In either system, a burned-out filament 

in the turn lamp would result in no signal being given, but in 

the system would remain intact \<'-wxas brake application in the 

current system could be misinter7reted as a malfunctioning flasher 

since only one lamp would be lighted continuously. In the par- 

tially separated system, a burned-out filament in one of the two 

stop lamps would result in a continuous signal being given by the 

other lamp which could only be confused as a turn signal given on 

a vehicle with four red lamps in one of which the bulb is malfunc- 

tioning and in which the flasher is also malfunctioning. Thus, 

the probability of a confusion arising in this situation is 

considerably less than if a two-lamp system is used. 

By utilizing complete functional separation most of these prob- 

lems can possibly be avoided. A flasher malfunction will result in 

a steady-burning lamp on the rear on the turning side and could be 

recognized as such by standardization of the relative locations of 

the turn signal lamps with respect to the presence and stop lamps. 

By the same token a burned-out stop lamp filament could not be 

confused with a malfunctioning flasher. 

While functional separation can lead to improved signal 

integrity, as described, the situation can be much improved fur- 

ther by the use of color coding. In the event that amber turn 

signals, green-blue presence lights and red stop lamps were used 

all signals could be readily identified, except for a burned-out 

.-,-l,er rear turn signal. 

The only advantage of the current design could accrue in the 

detection of the rear turn signal or stop signal if a multiple 

lamp array is used. In that event a filament failure in one of 



the bulbs will still provide a signai on that side of the vehicle 

given by the remaining bulb. Since such a system would not pro- 

vide the advantages in improving following driver performance it 

is doubtful that this increase in reliability outweighs the 

generally improved reliability of a partially functionally 

separated system compared to one which uses only one Si~lb on eack 

side of the vehicle, as is common practice. The effec-:s of 

system malfunctions need to be empirically investigated to ceter- 

mine the responses of drivers, and form part of the work to be 

carried out in other ?bases of this project. But, in normal and 

malfunctioning conditions of operation, functional separation 

would appear to be a valid and relatively simple technique by 

which to improve rear lighting system effectiveness. 





4, AKALYSIS TO DXTEEIIXE THE DISTAhZI:  AT 
WHICH S I G L ~ A L S  SHOULD BE IDENTIFIABLE 

One of  t h e  c o n s i d e r a t i o n s  i n  d e t e r m i n i n g  t h e  e f f e c t i v e n e s s  

of  t h e  r e a r  l i g h t i n g  sys tem i n  d r i v i n g  s i t u a t i o n s  i s  concerned 

w i t h  t h e  d i s t a n c e  a t  which s i g n a l s  g iven  by t h e  sys tem can oe 

identified by a  d r i v e r  approaching  t h e  v e h i c l e  fron. t k e  r e z - - .  

Acequate i d e n t i f i c a t i o n  of tile s i g n a l  a e a n i n g  i s  i~:~sorz::-.t. ~ - 1  

c r d s r  t o  a l l o w  t h e  f o l i o w i n g  d r i v e r  s u f f i c i e n t  t i m e  t c  5 e t ~ r : ~ l n e  

h i s  b e s t  c o u r s e  of  a c t i o n ,  such  a s  t o  p a s s  t h e  v e h i c l e  zhead o r  

t o  s low down i n  o r d e r  t o  avo id  a  c o l l i s i o n .  

I n  o r d e r  t o  e s t a b l i s h  t h e  minimum d i s t a n c e  a t  which t h e  

s i g n a l  s t a t u s  of a  v e h i c l e  shou ld  be  i d e n t i f i a b l e ,  one must c a r e -  

f ~ l l y  a n a l y z e  t h e  d r i v i n g  s i t u a t i o n .  What i s  d e s i r e d  i s  a  ~ c r i -  

t e r i o n  d i s t a n c e  which w i i l  minimize a c c i d e n t  o c c u r r e n c e s  r e l a t e d  

t o  d e f i c i e n c i e s  i n  t h e  r e a r  s i g n a l  s y s t e r , .  The s i m p l e  s o l u t i o n  

of  s e t t i n g  t h e  d i s t a n c e  a s  g r e a t  a s  e n g i n e e r i n g  f e a s i b i l i t y  a l l o w s  

i s  n o t  d e s i r a b l e .  Minimizing a o s t s  i s  one r e a s o n .  Another  i s  

t h a t  a t  c l o s e  v iewing  d i s t a n c e s  s i g n a l s  i d e n t i f i a b l e  a t  g r e a t  

d i s t a n c e s  a r e  l i k e l y  t o  be  t o o  b r i g h t  t o  a  f o l l o w i n g  d r i v e r .  

Moreover,  it i s  c o n c e i v a b l e  t h a t  t h e r e  cou ld  be  some d e t r i m e n t  

i n  hav ing  a  s i g n a l  v i s i b l e  a t  v e r y  g r e a t  d i s t a n c e s .  To a  m o t o r i s t  

t r a v e l i n g  a t  f reeway speeds  t h e  s i g h t  o f  a  b r a k e  s i g n a l  o r  emer- 

gency f l a s h e r  on a  v e h i c l e  ahead c o n t a i n s  h a z a r d  p o t e n t i a l ,  and 

i s  l i k e l y ,  t h e r e f o r e ,  t o  e l i c i t  v i g i l a n t  m o n i t o r i n g .  Tha t  i s ,  

t h e  f o l l o w i n g  u r i v e r  may g i v e  a  g r e a t  d e a l  of a t t e n t i o n  t o  such  

a  s i g n a l  a t  t h e  expense  of  o t h e r  r e l e v a n t  s t i m u l i .  I f  t h e  l e a d  

c a r  i s  v e r y  f a r  ahead ,  and does  n o t  w a r r a n t  und iv ided  a t t e n t i o n ,  

sucn v i g i l a n c e  would be  u n d e s i r a b l e  and pe rhaps  dangerous .  

A n t i c i p a t i n g ,  t h e n ,  t h e  t r a d e o f f s  p r o b a b l e  i f  t o o  g r e a t  a  

d i s t a n c e  i s  a r b i t r a r i l y  s e t  a s  t h e  minimum f o r  i d e n t i f i c i i t i o n  of 

s i g n a l  s t a t u s ,  it i s  n e c e s s a r y  t o  l o c a t e  t h a t  d i s t a n c e  which i s  

j u s t  g r e a t  enough t o  p r e c l u d e  t h e  o c c u r r e n c e  o f  an a c c i d e n t  which 



might  f o l l o w  because  a  d r i v e r  f a i l e d  t o  p e r c e i v e  a  change o f  

s i g n a l  s t a t u s  on a  l e a d  v e h i c l e .  What i s  r e q u i r e d ,  t h e n ,  i s  a  

" w o r s t  c a s e "  a n a l y s i s .  Such a  c a s e  might  be  r e p r e s e n t e d  by a  

slow-reac2:-nq ? . r i ve r  o f  a  v e h i c l e  equipped  w i t h  poor  b r a k e s  and 

t i r e s ,  d r i v i n q  a t  hi.?? syee?  on a down-h i l l  s t r e t c h  of  i c e -  

cove red  road .  How f a r  ahea? s l l ~ - l d  t h e  d r i v e r  be  a b l e  t o  s e e  a  

c r i t i c a l  s i g n a l  ( b r a k e  lic_rhts s .  emergency f l a s h e r )  on a  s t o p p e d  

v e h i c l e ,  d e c i d e  t h a t  t h e  s i t u a t i o n  r e q u i r e s  b r a k i n g ,  and b r i n g  

h i s  v e h i c l e  t o  a  s a f e ,  c o n t r o l l e d  s t o p ?  

C o n s i d e r  t h e  genera '  c a s e  i n  which c a r  C i s  f o l l o w i n q  

a ~ . o t h e r  c a r  A i n  t h e  same l a n e  a s  C .  Assuming t h a t  t h e  d i s t a n c e  

i s  c l o s i n g  between A and C, an3 t h a t ,  a t  t i m e  T o ,  A i s  s o  f a r  

ahead  t h a t  d r i v e r  C c a n n o t  even see v e h i c l e  A.  Then t h e r e  w i l l  

be  some l a t e r  time T when d r i v e r  C f i r s t  n o t i c e s  A. A t  t ime  1 
T, c a r  A becomes l i k e  one o f  d r i v e r  C ' s  c o n t r o l  p a n e l  gauges ,  

& 

someth ing  t o  b e  s e n s i t i z e d  t o  and o c c a s i o n a l l y  g l a n c e d  a t .  But 

t h e  f a c t  t h a t  S r i v e r  C i s  m o n i t o r i n 9  c a r  A a t  t i m e  T does  n o t  1 
n e c e s s a r i l y  imply t h a t  he  would r e a c t  d i f f e r e n t i a l l y  t o  any of  

t h e  s i g n a l s  t h a t  may b e  i n d i c a t e d  by c a r  A a t  t h a t  i n s t a n t  

( e . g . ,  p r e s e n c e ,  b r a k i n g ,  t u r n i n g ,  t u r n  p l u s  b r a k i n g ,  emergency 

f l a s h e r ! .  There  i s  s o ~ . e  l a t e r  t i m e ,  T2, a t  which d r i v e r  C w i l l  

b e g i n  t o  r e a c t  d i f f e r e n t i a l l y  t o  s i g n a l s  on c a r  A.  A t  T 2 ,  and 

l;te-, the s i g n a l  s y s t n ~  of c a r  A w i l l  be  p e r i o d i c a l l y  moni tored  

by d r i v e r  C. If a  s i g n a l  s t a t u s  change o c c u r s  on c a r  A a t  t ime  

T?, dxrinq a  p e r i o d  when d r i v e r  C i s  g l a n c i n g  i n  h i s  r e a r v i e w  - 
s i r r o r  c r  m o n i t o r i n g  h i s  c o n t r o l  p a n e l ,  he  w i l l  n o t  n o t i c e  t h e  

~ 3 . a r g e  , ~ . z t i l  soy\? l a t e r  t ime  " when he  r e t u r n s  h i s  a t t e n t i o n  '4' 
c . Nber d r i v e r  C n o t i c e s  A ' s  changed s igna.1,  he  i s  n o t  

7 2 1  ,-.<ely tcl t a k e  i n m e d i a t e  a c t i o n  t o  b r i n g  h i s  c a r  t o  a  h a l t  ( g i v e n  

t h a t  t h e  p a r t i c u l a r  s i g n a l  might  sometimes u l t i m a t e l y  l e a d  t o  

such  a c t i o n ) .  The d u r a t i o n  o f  t h e  s i g n a l  i s  p a r t  o f  t h e  message.  



I f  t h e  d u r a t i o n  of t h e  s i g n a l  and o t h e r  v i s u a l  cues  conv inces  

d r i v e r  C t h a t  he  i s  n o t  o b s e r v i n g  a  temporary ,  s l i g h t  r e d u c t i o n  i n  

A ' s  fo rward  p r o g r e s s ,  he  w i l l  p robab ly  f i r s t  remove h i s  f o o t  from 

t h e  a c c e l e r a t o r  p e d a l  and check t o  s e e  i f  he  can change l a n e s  i f  

it  sllould become d e s i r a b l e  t o  a t t e m p t  t o  go around A.  ( I t  ~ . u s t  be 

k e p t  i n  mind t h a t  t h i s  a n a l y s i s  i s  d e a l i n g  w i t h  t h e  czsc 0 5  c:-:z 
. * 

f o l l o w i n s  a t  t h e  extrezie  d i s t a n c e  a t  which s i g n a l  d i ~ c r i ; : ~ i ' . : . ~ : l . i ~ ~ ~  

i s  a e s i r a b i e .  Such b e h a v i o r  i s  n o t  e x p e c t e d  from a d r i v e r  follcw- 

i n g  f i v e  t o  t e n  c a r l e n g t h s  beh ind  a  f a s t  movir~g v e h i c l e . )  Some 

t ime w i l l  have t o  b e  a i l o t t e d  between T when d r i v e r  C n o t i c e s  A ' s  4 ' 
changed s i g n a i  s t z t u s ,  and T5 when he d e c i a e s  t h a t  he  must make 

some r e s p o n s e  t o  avo id  h i t t i n g  A. A t  time P j  d r i v e r  C s t i l l  

t h e  o p t i o n  of  p a s s i n g  A r a t h e r  t h a n  b r a k i n g .  Between T5, w h e ~  

t h e  r equ i r emen t  t o  a c t  i s  i d e n t i f i e d ,  and T6 when d r i v e r  C r e s p o n d s ,  

he w i l l  b e  a s s e s s i n g  t h e  r e l a t i v e  f e a s i b i l i t y  o f  p a s s i n g  o r  b r a k i n g .  

Thus,  he  i s  l i k e l y  t o  mon i to r  h i s  r e a r v i e w  m i r r o r  i n  o r d e r  t o  s e e  

i f  he  can  p u l l  o u t  t o  p a s s ,  a s s e s s  t h e  p r o b a b l e  s l i p p e r i n e s s  of  

t h e  r o a d ,  e t c .  A t  t ime  T6 d r i v e r  C makes h i s  d e c i s i o n  t o  b r a k e .  

During t h e  p e r i o d  T - T6 d r i v e r  C may o r  may n o t  have  a l r e a d y  4 
removed h i s  f o o t  from t h e  g a s  p e d a l ,  b u t  t h e  d e c e l e r a t i o n  t o  b e  

e x p e c t e d  from a few seconds  c o a s t i n g  i s  s m a l l  (Mor t imer ,  1970)  

and can be i g n o r e d  i n  t h e  p r e s e n t  a n a l y s i s .  

A t  time P 7 ,  which w i l l  b e  l a t e r  t h a n  P6 by t h e  t ime  needed 

f o r  t h e  d r i v e r  t o  move h i s  f o o t  t o  t h e  b r a k e  p e d a l ,  t h e  b r a k e s  of  

c a r  C w i l l  be  engaged. A t  T8 c a r  C w i l i  have been s t o p p e d .  

The p r e s e n t  a n a l y s i s  assumes t h a t ,  under  t h e  w o r s t  c o n d i t i o n s ,  

c a r  A i s  i n  f a c t  s t o p p e d  i n  t h e  road  ahead a t  t i m e  T when 4 ' 
d r i v e r  C f i r s t  n o t i c e s  t h a t  A ' s  s i g n a l  s t a t e  i s  one t h a t  might  

n e c e s s i t a t e  e v a s i v e  a c t i o n .  

What i s  a  r e a s o n a b l e  d i s t a n c e  o v e r  which t o  a l l o w  c a r  C t o  

d e c e l e r a t e  t o  a s t o p  w i t h o u t  h i t t i n g  c a r  A? A t  h i g h  s p e e d s ,  and 



on w e t  r o a d s ,  t h e  maximum b r a k e  f o r c e  c o e f f i c i e n t  p o s s i b l e  i s  

o f t e n  below O. lg ,  depend ing  on t h e  t y p e  o f  r o a d  s u r f a c e ,  d e p t h  o f  

w a t e r  c o v e r ,  and t h e  t y p e  and c o n d i t i o n  of  t i r e s  ( A l l b e r t  e t  a l . ,  

1 9 6 6 ) .  Ecwever,  on l e v e l  roadway, c o a s t i n g  d e c e l e r a t i o n  a v e r a g e s  

a b o u t  O. lg  a t  v e h i c l e  s p e e d s  o f  70-80 mph. Moreover ,  s i n c e  t h e  

b r a k e  f o r c e  c o e f f i c i e n t  i nc : sez : \~  a s  s p e e d  d e c r e a s e s ,  w h i l e  t h e  

o p p o s i t e  i s  t r u e  f o r  c o a s t i n g  d 7 c e l e r a t i o n  ( A l l b e r t  e t  a l . ,  1966;  

Mort imer  e t  a l . ,  1970! ,  it i s  n o t  n e c e s s a r y  t o  c o n s i d e r  d e c e l e r a -  

t i o n  r a t e s  l e s s  t h a n  O. lg .  Fo r  example ,  a  v e h i c l e  which c o u l d  

a c h i e v e  a  b r a k e  f o r c e  c o e f f i c i e n t  o f  o n l y  .05g a t  70 rnph on a  

wet r o a d  c o u l d  r e a l i z e  0 . 2 g  b r a k e  f o r c e  c o e f f i c i e n t  a t  50 mph, 

r i s i n g  t o  0 .4g  a t  35 rnph ( A l l b e r t  e t  a l . ,  1 9 6 6 ) .  I n  such  a  c a s e  

t h e  a v e r a g e  d e c e l e r a t i o n ,  f rom 80 t o  0  mph, w i l l  b e  v e r y  c l o s e  t o  

0 .15g .  I t  would b e  a  r a r e  i n s t a n c e  when a  v e h i c l e  c o u l d  n o t  

a c h i e v e  an  a v e r a g e  d e c e l e r a t i o n  o f  a t  l e a s t  0 .15g.  

The re  a r e  a d d i t i o n a l  r e a s o n s  f o r  s e l e c t i n g  0.15g a s  a  c r i -  

t e r i o n  r a t e  o f  d e c e l e r a t i o n .  C a r p e n t e r  (1955)  found t h a t ,  i n  

normal  t r a f f i c  c o n d i t i o n s ,  d r i v e r s  se ldom ( < 5 % )  d e c e l e r a t e d  a t  

g r e a t e r  t h a n  0 .309 ,  and most  s t o p s  ( > 5 0 % )  were made a t  0 .10g  

o r  lower  i n d i c a t i n g  t h a t  l e v e l s  of  d e c e l e r a t i o n  h i g h e r  t h a n  0 .159  

a r e  uncomfor t ab l e  and u n u s u a l .  I t  would b e  d e s i r a b l e ,  unde r  

c o n d i t i o n s  where h i g h  b r a k i n g  c o e f f i c i e n t s  ( e . g .  0 . 7 )  can  be  

a t t a i n e d ,  t o  p e r n i t  a c o x f o r t a b l e  l e v e l  o f  b r a k i n g .  A l e v e l  o f  

d e c e l e r a t i o n  s u c h  a s  0 , l b g  would have  t h e  a d v a n t a g e ,  unde r  such  

c o n d i t i o n s ,  o f  b e i n g  a n l i k e l y  t o  c a u s e  a  c r i t i c a l  l e v e l  of  d i s -  

r c p t i o n  i n  t h e  t r a f f i c  f l o w ,  p o s s i b l y  r e s u l t i n g  i n  a  wave of 

p z n i e  b r a k i n g  a l o n g  a  l i n e  o f  t r a f f i c .  

It nav b e  a.rqued t h a t  few ?.rivers would t a k e  advan tage  of  

a 2  o p p o r t u n i t y  t o  b r a k e  t h e i r  v e h i c l e s  a t  0.15g o v e r  s o  e x t e n d e d  

a  d i s t a n c e  a s  1450 f e e t  (which i s  t h e  d i s t a n c e  a  v e h i c l e  would 

t r a v e l  i n  d e c e l e r a t i n g  a t  0 .15g from 80 t o  0  rnph). O b s e r v a t i o n  



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

c o s t  t o  t h e  a c t  of  d e c e l e r a t i n g  from h i g h  s p e e d s ,  and do s o  w i t h  

r e l u c k a n c e .  E s s e n t i a l l y ,  t h e  s i g h t  of  a  b r a k e  s i g n a l  on a  c a r  

ahead  i n v i t e s  t h e  f o l l o w i n g  d r i v e r  t o  gamble. He can  pay t h e  

s m a l l  c o s t  o f  a  g e n t l e  b r a k i n g  maneuver w h i l e  t h e r e  i s  s t i l l  E 

g r e a t  d i s t a n c e  s e p a r a t i n g  h i s  c a r  from t h e  one ahead ,  o r  i-ie ca: 
. . p l a y  f o r  douu le  o r  n o t h i n g  by n o t  a d j u s t i n g  n l s  v e l o c i ~ t y  on t h e  

b e t  t h a t  t h e  c a r  ahead w i l l  a c c e l e r a t e  and o b v i a t e  t h e  z e c e s s i t y  

f o r  any b r a k i n g  a t  a l l .  I t  i s  l i k e l y  t h a t  a  g r e a t  number c f  

r e a r - e n d  c o l l i s i o n s  r e s u l t  when a  d r i v e r  misfuciges t h e  d i s t a n c e  

and r e l a t i v e  s p e e ~  w i t h  which h e  h a s  t o  gamble.  However, even  i f  

t h e  gambling model b e t t e r  r e p r e s e n t s  a c t u a l  d r i v e r  b e h a v i o r ,  

e a r l y  s i g n a l  d e t e c t i o n  i s  s t i l l  d e s i r a b l e  i n  t h a t  i t  g i v e s  t h e  

f o l l o w i n g  d r i v e r  more time t o  judge t h e  p o i n t  a t  which he w i l l  

c a l l  h i s  gamble l o s t ,  and b e g i n  d e c e l e r a t i o n .  

F i g u r e s  4 . 1  and 4 . 2  r e p r e s e n t  t h e  r o a d  c o n d i t i o n s  and d e c e l e r a -  

t i o n  maneuvers d i s c u s s e d  above. I n  F i g u r e  4 . 1  t h e  t h i c k  l i n e  

r e p r e s e n t s  t h e  maximum d e c e l e r a t i o n  a t t a i n a b l e  a s  a  f u n c t i o n  of 

t h e  c o e f f i c i e n t  o f  f r i c t i o n  between t h e  v e h i c l e  t i r e s  and a  wet  

r o a a .  The broken  l i n e  r e p r e s e n t s  t h e  a c t u a l  d e c e l e r a t i o n  t h a t  

might  b e  used when s t o p p i n g  o v e r  t h e  d i s t a n c e  r e p r e s e n t e d .  The 

broken  l i n e  i s  above t h e  s o l i d  l i n e  e a r l y  i n  t h e  b r a k i n g  maneuver,  

because  t h e  c o a s t i n g  d e c e l e r a t i o n ,  l a r g e l y  a  f u n c t i o n  of  a i r  

r e s i s t a n c e ,  exceeds  t h e  maximum o b t a i n a b l e  b r a k i n g  c o e f f i c i e n t  

a t  h i g h  v e h i c l e  s p e e d s .  I n  F i g u r e  4 . 2  t h e  b l a c k  l i n e  r e p r e s e n t s  

t h e  more u s u a l  s i t u a t i o n ,  i n  which a  f a i r l y  h i g h  c o e f f i c i e n t  o f  

f r i c t i o n  p e r m i t s  g r e a t e r  d e c e l e r a t i o n .  The d o t t e d  l i n e  r e p r e s e n t s  

t h e  b r a k i n g  b e h a v i o r  o f  a  v e h i c l e  conforming t o  t h e  model of  

c o m f o r t a b l e  b r a k i n g .  The broken  l i n e  d e p i c t s  a  more r i s k y  r e s p o n s e  

t o  t h e  s i t u a t i o n ,  i n  which t h e  f o l l o w i n g  d r i v e r  does  n o t  a t t e m p t  

t o  s t o p  u n t i l  it i s  n e c e s s a r y  t o  u s e  a  g r e a t e r  b r a k i n g  d e c e l e r a -  

t i o n  t h a n  i s  c o m f o r t a b l e  o r  d e s i r a b l e .  
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F i g u r e  4 . 3 ,  r e p r e s e n t s  t h e  e n t i r e  continuum of  t i m e  from To,  

when c a r  A i s  t o o  f a r  ahead t o  be  s e e n  by d r i v e r  C ,  t o  T8 ,  when 

c a r  C i s  s t o p p e d  j u s t  s h o r t  o f  s t r i k i n g  A.  From t h e  d i s c u s s i o n  

above ,  T i s  t h e  p o i n t  a t  which it i s  d e s i r a b l e  f o r  c a r  A ' s  3  
s i g n a l  s t a t u s  t o  b e  i d e n t i f i a b l e .  A t  time T 3 ,  however,  n o t  a l i  

d r i v e r s  w i l l  b e  m o n i t o r i n g  t h e  r o a d  ahead.  Those d r i v e r s  whc Zo 

n o t  i d e n t i f y  A ' s  s i g n a l  a t  t i ce  T w i l l  b e  t h o s e  who have s h i f t e G  3  
t h e i r  a t t e n t i o n  t o  mon i to r  some i n s t r u m e n t ,  t o  g l a n c e  a t  t h e  

r e a r v i e w  m i r r o r ,  o r  t o  su rvey  t h e  s u r r o u n d i n g  s c e n e r y .  Whatever 

t h e  b e h a v i o r ,  it i s  u n l i k e l y  t h a t  d r i v e r  C w i l l  l o n g  keep  h i s  

a t t e n t i o n  from t h e  roadway h e  i s  c o v e r i n g  a t  118 f t / s e c .  One 

second w i l l  b e  a l l owed  between T3  and T 4 .  T h i s  i s  r e a s o n a b l e  on 

t h e  b a s i s  o f  measurements of  d r i v e r s '  eye  f i x a t i o n s  made w i t h  t h e  

H S R I  Eye Marker. They show t h a t  e y e  f i x a t i o n s  away from t h e  

pavement b e i n g  t r a v e l e d  r a r e l y  exceed  one  second.  S i n c e  t h e  

median d u r a t i o n  of  c o a s t i n g  d u r i n g  h i g h  speed  (56-80 mph) d r i v i n g  

was found (Mort imer ,  1970)  t o  b e  j u s t  o v e r  two s e c o n d s ,  a t  l e a s t  

two seconds  s h o u l d  b e  a l l owed  between T 4  and T f o r  d r i v e r  C t o  5 
d e c i d e  t h a t  he  must t a k e  e v a s i v e  a c t i o n .  Another  second  must be  

a l l o t t e d  between T5 and T 6 ,  f o r  d r i v e r  C t o  g l a n c e  a t  h i s  r e a r -  

view m i r r o r  and t o  d e c i d e  i f  he  wants  t o  a t t e m p t  t o  p a s s  A r a t h e r  

t h a n  b e g i n  b r a k i n g .  

The p e r i o d  from T6 t o  T7  r e p r e s e n t s  t h e  t r a n s p o r t  time of  

d r i v e r  C i n  removing h i s  f o o t  from t h e  a c c e l e r a t o r  and a p p l y i n g  

it t o  t h e  b r a k e .  Normann (1953)  found t h e  a v e r a g e  r e a c t i o n  t ime  

t o  a  b r a k i n g  s i g n a l  t o  b e  0.73 s e c ,  and t h a t  95 p e r c e n t  of  d r i v e r s  

r e a c t e d  i n  l e s s  t h a n  0 .9  s e c .  I n  t h e  p r e s e n t  a n a l y s i s ,  one 

second  w i l l  b e  a l l owed  between T6  and T 7 .  

The t o t a l  t i m e  from T t o  T 7  i s  f i v e  s econds .  During t h i s  
3 

time p e r i o d  c a r  C w i l l  c o v e r  590 f e e t  a t  80 mph. S t a r t i n g  t o  

d e c e l e r a t e  a t  t i m e  T a t  a  c o n s t a n t  0.15g c a r  C w i l l  t r a v e l  
7 
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a n o t h e r  1450 f e e t .  Thus ,  a  t o t a l  d i s t a n c e  of  2000 f e e t  may n o t  

be  a n  u n r e a s o n a b l e  minimum f o r  s i g n a l  s t a t u s  i d e n t i f i a b i l i t y .  

From an  i n i t i a l  s p e e d  of  70 mph a b o u t  1600 f e e t  would b e  r e q u i r e d .  

T h i s  a n a l y s i s  i n d i c a t e s  t h a t  s i g n a l s  s h o u l d  be  v i s i b l e  a t  

c o n s i d e r a b l y  g r e a t e r  d i s t a n c e s  t h a n  r e q u i r e d  i n  S t a t e  motor  v e n i c l e  
. . 

coaes- -a  l e v e l  o f  pe r fo rmance  t h a t  i s  e a s i l y  exceeded  by l~g:~t.-:-. 5 

equipment  on c u r r e n t l y  manufac tu red  v e h i c l e s .  More t o  t h e  ?o;::t 

i s  t h e  need  t o  p r o v i d e  s i g n a l  i d e n t i f i c a t i o n  a t  d i s t a n c e s  of  

i500-2000 f e e t .  





5. THE EFFECT OF SIGNAL IYTENSITY, PESENCE INTENSITY, 
LIGHTING SYSTEM, VIEWING DISTANCE AND AMJ3IENT LIGHT- 
ING, ON SIGNAL IDENTIFICATION , BRIGHTNESS RATINGS, 
AND SYSTEM EFFECTIVENESS RATINGS. 

The analysis described in Section 4 has shown that signals 

should become identifiable at fairly large distances in order to 

provide adequate warning to drivers of a potentially hazardous 

situation caused by another vehicle in the sane roadway lane ahtcd 

of them. It was suggested that signais sho~id become identifiable 

at aistances of about 1500-2000 feet. The purpose of this study 

was to determine the effect of various variables pertaining to 

lamp performance, as well as the system configuration, upon signal 

identification. 

Most previous tests of lamp intensity requirements have been 

carried out at distances of less than 500 feet. In considering 

the lamp intensity it is important to ensure not only that the 

signal which a lamp presents is clearly visible under day and night 

conditions, but that it is also not liable to cause discomfort 

glare. This problem of providing adequate visibility without 

glare is likely to be heightened when the performance requirements 

of the lamp are increased for distances of between 1500-2000 feet. 

Previous tests and analytical work has shown (Forbes, 1966; AMA 

Lighting Committee Tests, 1958-64; Mortimer, 1970) that an inten- 

sity which is adequate for recognition of a signal in the daytime 

will cause discomfort glare at night. These studies and others 

previously reviewed (Mortimer, 1970) have all shown the necessity 

of a dual-intensity system for night and day use, in order to 

provide a satisfactory solution to this problem, 

Apart from the dynamic study conducted by Finch (1968) com- 

plete signal systems were not used in these tests. Rather, lamps 

were used in isolation in order to obtain ratings of lamp effec- 

tiveness of one type or another. The study by Finch (1968) was 

limited in the types of rear lighting systems which he used in 

that all the lamps were red and that not all kinds of signal modes 



were evaluated for intensity requirements. For this reason the 

present study was conducted in order that the effect of realistic 

variables could be studied to show their effect upon the intensity 

requirements of lamps when used in complete systems. The major 

deficiency of the study, in "rns of realisn, was that it was con- 

ducted statically,but in other :?s?ects attempted to simulate 

niqht and daytime clriving situat. ons. 

In this study a number of rear lighting systems, such as have 

been found to be effective in previous static and dynamic tests of 

driver performance, were csed and incorporated separation of func- 

tion and color coding. The other major system variables that were 

considered included the intensities of the presence and signal 

lamps, and the separation distance between lamps in systems using 

partial or complete functional separation. Three viewing distances 

were used, of 250 feet, 1000 feet and 20000 feet, in order to span 

the range recornmended by the analysis in Section 4. The day and 

nighttime ambient illumination levels were simulated by conduct- 

ing the daytime tests when bright sunshine was present and night- 

time tests when conditions replicated those where a vehicle is 

being followed without opposing traffic and in the presence of glare 

f rcx the headlights of opposing cars. The measurements taken in 

this test were objective data of the ability of the observers to 

identify the signals presented on any given occasion, and subjec- 

tive ratin~s of the brightness of those signals and overall ratings 

of the effectiveness of each system, 

S'3:zCTS. A total of 1Ci subjects, all with drivers' 

,,tenses, x e r e  use6. Thirty-Pive subjects observed under daytime 

conditions, 35 subjects observed under nighttime conditions, and 

31 subjects observed in the night + glare conditions. Subjects 

were randomly assigned to the test conditions. The ages of the 

subjects were 18 years-65 years. Each subject was tested for color 

blindness by Dvorine color test charts. Only one deuteranomabous 



i n d i v i d u a l  was run  i n  t h e s e  t e s t s ,  w i t h  a l l  o t h e r  s u b j e c t s  b e i n g  

co lor -normal .  

APPARATUS. A lamp boa rd  was c o n s t r u c t e d  on which t h e  t e s t  

lamps were mounted ( F i g .  5 .1) :  Ten lamps were mounted on t h e  

boa rd  i n  s p e c i a l  hous ings  which c o u l d  r e c e i v e  c o l o r e d  and n e ~ t r a i  
- . .  d e n s i t y  f i l t e r s .  Each hous ing  c o n t a i n e d  a  t y p e  4416, s e a i e u  acia1:. 

lamp s e l e c t e d  f o r  t h i s  s t u d y  because  of i t s  l i g h t  o u t p u t  ( a b o u t  

35,000 c a n d e l a s  a t  abou t  1 2 . 8 ~ ) ~  s i z e  (4 .5  i n .  d i a . ) ,  l a c k  of  

f i l a m e n t  s h i e l d i n g ,  and t h e  l i g h t  p a t t e r n  which p rov ided  a  un i form 

i n t e n s i t y  d i s t r i b u t i o n  w i t h i n  a b o u t  3' h o r i z o n t a l l y  and lo  4 5 '  

v e r t i c a l l y .  Each lamp was mounted i n d i v i d u a l l y  on t h e  boa rd  and 

aimed s o  t h a t  p a r a l l e l  beams from t h e  lamps were o b t a i n e d .  An 

aiming t u b e  l o c a t e d  i n  t h e  c e n t e r  o f  t h e  boa rd  and mounted perpen-  

d i c u l a r  t o  it was used t o  aim t h e  boa rd  toward t h e  van c o n t a i n i n g  

t h e  o b s e r v e r s .  The boa rd  i t s e l f  was l e v e l e d  by means of  f o u r  l e g s  

which cou ld  b e  i n d e p e n d e n t l y  a d j u s t e d .  The background f o r  t h e  

lamps was p a i n t e d  a  f l a t  g r a y ,  w i t h  a  r e f l e c t a n c e  o f  0 . 4 2 .  

The t e s t  lamps on t h e  boa rd  and t h e  c o n t r o l l i n g  c i r c u i t s  were 

powered from t h e  b a t t e r y  o f  an  au tomob i l e  runn ing  a t  f a s t  i d l e .  

The lamp c o n t r o l  p a n e l  ( F i g .  5 .2 )  had i n d i v i d u a l  p o t e n t i o m e t e r s  

f o r  each  lamp s o  t h a t  v o l t a g e  c o u l d  b e  v a r i e d  t o  produce t h e  

d e s i r e d  i n t e n s i t y .  D i g i t a l  c o u n t e r s  on t h e  p o t e n t i o m e t e r  knobs 

p e r m i t t e d  r e p l i c a t i o n  of  e x a c t  s e t t i n g s ,  and a  v o l t m e t e r  on t h e  

p a n e l  a l l owed  m o n i t o r i n g  of any lamp v o l t a g e  o r  t h e  i n p u t  v o l t a g e .  

A 5 - p o s i t i o n  r o t a r y  s w i t c h  was used  t o  d e s i g n a t e  t h e  lamps t o  b e  

used f o r  a  p a r t i c u l a r  l i g h t i n g  sys t em,  of  t h e  f i v e  sys tems  t h a t  

were u s e d ,  and a  t o g g l e  s w i t c h  was used t o  d e s i g n a t e  e i t h e r  n e a r  

o r  f a r  s p a c i n g  between lamps i n  sys t ems  u s i n g  f u n c t i o n a l  s e p a r a -  

t i o n .  With t h e s e  two s w i t c h e s  se t  c o r r e c t l y ,  a c t u a t i o n  o f  t h e  c o r r e c t  

s i g n a l  mode pushbu t ton  t u r n e d  on t h e  d e s i r e d  lamps o p e r a t i n g  i n  

t h e  c o r r e c t  s i g n a l  c o n d i t i o n .  The pushbu t tons  a l l owed  p r e s e n c e ,  

l e f t  t u r n ,  r i g h t  t u r n ,  s t o p ,  l e f t  t u r n  + s t o p ,  and r i g h t  t u r n  t 







stop signals to be given. 

A 12-passenger van was modified to house the observers. The 

front passenger seat was removed and the three bench seats were 

remounte so that they were in line with the long axis of the 

vehicle. Thus, the subjects were looking out of the side of the 

van through the perpendicular si,<e window glass which has a trans- 

mission of 91%. This value compces favorably with the transmission 

of untinted windshields when measured perpendicular to the plane of 

the glass. Six subjects could be seated in the front row and two 

or three more subjects in the back row. Each observer had a clip- 

board which was equipped with an illumination source for the data 

sheet and a response button. T3.e pushbutton and lamp on each clip- 

board were wired in series with the lamp on the experimenters control 

panel located in the van. At the end of a signal presentation a 

buzzer sounded in the van to alert the subjects to record their 

responses. Simultaneously the lights on the clipboard and the con- 

trol panel were illuminated. When a subject pressed the button on 

his clipboard, the light on the clipboard and the control panel 

went out indicating to the experimenter that the subject had com- 

pleted that trial. 

A cable was laid over the 2000 foot test distance with inter- 

mediate connectors at 250 feet and 1000 feet from the lamp board. 

This allowed communication with the lamp board operator and also 

automatically presented a buzzer for a 12-second period at the 

end of each trial. Figure 5.3 shows the van in which the test 

subjects were seated. 

A deae-end, asphalt-paved road, approximately 2500 feet l o n ~  

>z.i 2 2  feet wide, w a s  used as a test site. The lamp board was 

positioned behind a station wagon near one end of the road with 

the operator and the control panel that he used hidden by the board 

and located in the rear of the station wagon. Another experimenter 

was in charge of changing filters for the lamps and calling out the 

requisite potentiometer settings for the lamp operator. The third 

experimenter was in the van with the subjects. The lamp board 
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remained i n  p o s i t i o n  a t  a11 t imes  wi th  t h e  s u b j e c t  van be ing  moved 

t o  t h e  250, 1000, and 2 0 0 0  f e e t  d i s t a n c e s  a s  needed. The van was 

i n  t h e  same l a n e  a s  t h e  l i g h t  board .  F i g u r e  5.4 shows a  view of  

t h e  s e t u p  a s  seen  by t h e  t e s t  s u b j e c t s .  

Lamp Photometry. The lamps were photometered u s i n g  a  S p e c t r a  

P r i t c h a r d  photometer  i n  o r d e r  t o  de te rmine  t h e  lamp v o l t a g e s  

r e q u i r e d  t o  p rov ide  4 and 15 c a n d e l a s  f o r  p resence  lamps and 80,  

185,  525 and 1 0 0 0  cande las  f o r  s i g n a l  lamps. These v o l t a g e s  were 

determined f o r  each lamp i n c l u d i n g  t h e  n e c e s s a r y  c o l o r  and n e u t r a l  

d e n s i t y  f i l t e r s .  N e u t r a l  d e n s i t i e s  were used i n  o r d e r  t o  ma in ta in  

lamp v o l t a g e  a s  h igh  a s  p o s s i b l e  and s i m i l a r  a c r o s s  a l l  c o n d i t i o n s .  

Surge r e l a y s  were i n c o r p o r a t e d  i n  t h e  d e s i g n  s o  t h a t  warm-up t ime 

f o r  t h e  lamps was reduced,  which was p a r t i c u l a r l y  impor tan t  i n  

p r e s e n t i n g  t u r n  s i g n a l s .  For  t u r n  s i g n a l s ,  t h e  f l a s h  r a t e  was 

1 cps  w i t h  60% "on" t ime.  Each s i g n a l  c o n d i t i o n  was p r e s e n t e d  

f o r  a  p e r i o d  of  6 s e c .  

PROCEDURE. A b lock diagram showing t h e  d e s i g n  of  t h e  s t u d y  

i s  shown i n  F i g u r e  5.5.  The independent  v a r i a b l e s  were o r d e r e d  

s o  a s  t o  minimize time-consuming changes i n  t h e  equipment,  t h u s  

p e r m i t t i n g  a  g r e a t e r  number of  t r i a l s  t o  be run  i n  a  g iven  t ime 

p e r i o d .  

For a  g iven ambient c o n d i t i o n  (day ,  n i g h t ,  n i g h t  + g l a r e )  

a  viewing d i s t a n c e  of 250, 1 0 0 0  o r  2 0 0 0  f e e t  was s e l e c t e d .  (Only 

a s u b - s e t  of t h e  s u b j e c t s  were run  a t  LOO0 f e e t  i n  each ambient 

c o n d i t i o n . )  A system and lamp s e p a r a t i o n  combinat ion was then  

cb .o se~  a t  random from t h o s e  a v a i l a b l e .  Systems 1, 2 and 3 were 
Y',,.. --... d s r i n g  t h e  day;  systems 1, 4 and 5 a t  n i g h t ;  and systems 1 and 5 

a t  n i g h t  + g l a r e .  For t h e  n i g h t  + g l a r e  s t u d y  a  c a r  w i t h  low beam 

h e a d l i q h t s  on was p laced  a d j a c e n t  t o  t h e  board c a r r y i n g  t h e  t e s t  

lamps f a c i n g  t h e  s u b j e c t s .  A s i g n a l  i n t e n s i t y  was then  s e l e c t e d  

a t  random. S i g n a l s  were t h e n  s e l e c t e d  a t  random from t h e  f o u r  







a v a i l a b l e ,  e x c e p t  t h a t  i n  t h e  dayt ime p r e s e n c e  l i g h t s  were n e v e r  

used.  Each s i g n a l  c o n d i t i o n  was p r e s e n t e d  f o r  a  t o t a l  p e r i o d  of  

6 s e c .  When a l l  t h e  modes had been exhaus t ed  f o r  t h a t  i n t e n s i t y  

of  t h e  s i g n a l  t h e  n e x t  p r e s e n c e  i n t e n s i t y  was u s e d ,  w i t h  t h e  same 

s i g n a l  i n t e n s i t y  b e i n g  r e t a i n e d .  The s i g n a l  i n t e n s i t y  was the.i 

changed and t h e  p rocedure  f o r  s e l e c t i n g  p re sence  i n t e n s i t y  a23 ~ 1 o 2 c  

was r e p e a t e d .  When a l l  f o u r  s i g n a l  i n t e n s i t i e s  were exhauszec ,  

a n o t h e r  system-lamp s e p a r a t i o n  combina t ion  was s e l e c t e d .  When a l l  

system-lamp s e p a r a t i o n s  had been used  a n o t h e r  Dne of t h e  t h r e e  

d i s t a n c e s  was r andon ly  s e l e c t e d  and t h e  p rocedure  r e p e a t e d .  Each 

t e s t  c o n d i t i o n  was g iven  t w i c e  d u r i n g  t h e  dayt ime b u t  once o n l y  

i n  t h e  n i g h t  c o n d i t i o n s .  

NUMBER OF TRIALS. For most s u b j e c t s ,  who had o n l y  two v iewing  

d i s t a n c e s ,  t h e r e  were 240 t r i a l s  d u r i n g  t h e  day ,  320 t r i a l s  a t  

n i g h t  and 192 t r i a l s  f o r  n i g h t  + g l a r e .  For  t h o s e  who viewed a l s o  

a t  t h e  1000 f e e t  d i s t a n c e ,  t h e  number of  t r i a l s  was 312 f o r  t h e  

d a y ,  480  a t  n i g h t  and 288 f o r  n i g h t  + g l a r e .  S u b j e c t s  were g iven  

a  b reak  whenever t h e  v iewing  d i s t a n c e  was changed,  which o c c u r r e d  

a t  i n t e r v a l s  o f  abou t  one hour .  

I n s t r u c t i o n s .  A f t e r  t h e  o b s e r v e r s  were s e a t e d  i n  t h e  van ,  

d a t a  s h e e t s  and p e n c i l s  were g iven  t o  them and t h e  i n s t r u c t i o n s  

shown i n  Appendix A were r e a d  t o  t h e  o b s e r v e r s .  I n  summary, 

t h e  s u b j e c t s '  t a s k  was t o  o b s e r v e  t h e  lamp boa rd  i n  t h e  ever,t 

t h a t  a  s i g n a l  appeared .  When a b u z z e r  was sounded t h e y  were 

t o  r a t e  t h e  b r i g h t n e s s  of each  s i g n a l  t h a t  t h e y  saw a s  e i t h e r  t o o  

dim,  a d e q u a t e ,  o r  t o o  b r i g h t .  I n  t h i s  way t h e  s i g n a l s  which were 

s e e n  and t h e  manner i n  which t h e y  were i d e n t i f i e d  a s  w e l l  a s  t h e  

r a t i n g s  of  s u b j e c t i v e  b r i g h t n e s s  were o b t a i n e d .  A t  t h e  c o n c l u s i o n  

o f  p r e s e n t a t i o n s  w i t h  a  g iven  l i g h t i n g  sys t em t h e  s u b j e c t s  a l s o  

r a t e d  t h e  sys tem f o r  o v e r a l l  e f f e c t i v e n e s s  i n  p r e s e n t i n g  s i g n a l s .  



INDEPENDENT VARIABLES. The f o l l o w i n g  independen t  v a r i a b l e s  

were used  i n  t h i s  t e s t :  

1. Ambient i l l u m i n a t i o n :  day ,  n i g h t ,  night + g l a r e  ( t h e  

g l a r e  was s i m u l a t e d  by t h e  low beam h e a d l i g h t s  o f  a v e h i c l e  p o s i -  

t i o n e d  a t  the t z s t  lamp b o a r d ) .  

2. Viewing d i s t a n c e :  250,  1 0 0 0 ,  2000 f e e t .  

3 .  L i g h t i n g  sys t em ( s e e  Wi?. 5 . 6 ) .  

4 .  Lamp s e p a r a t i o n  d i s t a n c e :  2  i n . ,  8 i n . ,  edge- to-edge 

(lamp s e p a r a t i o n  a p p l i e s  o n l y  t o  sys tems  u s i n g  f u n c t i o n a l  s e p a r a -  

t i o n ,  i . e .  sys tems  2 - 5 ) .  

5. S i g n a l  mode: p r e s e n c e  ( n o t  used  i n  day t e s t s ) ,  l e f t  and 

r i g h t  t u r n ,  s t o p ,  l e f t  o r  r i g h t  t u r n  t s t o p .  

6 .  P r e s e n c e  lamp i n t e n s i t y :  4 ,  15  c a n d e l a s .  

7 .  S i g n a l  lamp i n t e n s i t y :  80 ,  185 ,  425, 1300 c a n d e l a s .  



Ambient Condi t ion  i n  Which 
System Was Used: 

Day 0) 
Night  ( N )  
Night  + Glare ( N t G )  

System 

F i g u r e  5 . 6 .  The l i g h t i n g  systems. 



RESULTS 

The r e s u l t s  o f  t h i s  s t u d y  a r e  shown s e p a r a t e l y  f o r  each  of  

t h e  t h r e e  dependen t  v a r i a b l e s  t h a t  were u sed :  p e r c e n t  of s i g n a l s  

i d e n t i f i e d ,  s i g n a l  b r i g h t n e s s  r a t i n g s ,  and o v e r a l l  sy s t em e f f e c -  

t i v e n e s s  r a t i n g s .  The res2on5ec  which t h e  s u b j e c t s  made on t h e  

d a t a  s h e e t s  were coded and p r e p a l e ?  f o r  computer  d a t a  p r o c e s s i n g .  

A s p e c i a l  pu rpose  program was w r i t t e n  i n  o r d e r  t o  p r o v i d e  t h e  

p e r c e n t  of  s i g n a l s  i d e n t i f i e d  i n  each  p o s s i b l e  c a t e g o r y  f o r  each  

a c t u a l  s i g n a l  mode t h a t  was p r e s e n t e d ,  These o u t p u t s  a l l owed  t h e  

d a t a  t o  b e  scanned  i n  terms o f  t h e  c o r r e c t n e s s  o f  t h e  i d e n t i f i -  

c a t i o n ,  t h e  e r r o r s  o r  c o n f u s i o n s  t h a t  were made, and t h e  b r i g h t -  

n e s s  r a t i n g s  a s s i g n e d  t o  each  s i g n a l .  A s e p a r a t e  a n a l y s i s  was 

c a r r i e d  o u t  on t h e  o v e r a l l  sy s t em e f f e c t i v e n e s s  r a t i n g s .  

An i l l u s t r a t i o n  of  t h e  computer  o u t p u t  of  t h e  s i g n a l  i d e n -  

t i f i c a t i o n  and b r i g h t n e s s  r a t i n g s  d a t a  i s  shown i n  T a b l e  5.1. Th i s  

i n d i c a t e s  t h e  t o t a l  number of  r e s p o n s e s  made by t h e  s u b j e c t s  t o  

each  s i g n a l  mode i n  terms o f  t h e i r  i d e n t i f i c a t i o n  o f  t h e  s i g n a l  

and t h e  b r i g h t n e s s  r a t i n g s  i n  terms o f  i n a d e q u a t e l y  b r i g h t ,  

a d e q u a t e l y  b r i g h t  o r  e x c e s s i v e l y  b r i g h t .  The numbers i n  pa ren -  

t h e s e s  a r e  t h e  p e r c e n t  of r e s p o n s e s  made i n  each  of t h e s e  c a t e -  

g o r i e s .  For  example,  T a b l e  5 . 1  shows data fo r  a  n i g h t  c o n d i t i o n ,  

2 5 0  f e e t  v iewing  d i s t a n c e ,  sys t em 1 u s i n g  80 c a n d e l a s  f o r  t h e  

s i g x a l s  and 15  c a n d e l a s  fc-.. t h e  p r e s e n c e  l i g h t .  The d a t a  a r e  

based  on t h e  r e s p o n s e s  from 35 s u b j e c t s .  The d a t a  show t h a t  7 9 . 9 %  

of  t h e  s u b j e c t s  i d e n t i f i e s  t h e  s i g n a l  a s  a  p r e s e n c e  l i g h t  when a  

p r e s e n c e  l i g h t  was p r e s e n t e d ;  w h i l e  14 .2% o f  t h e  r e s p o n s e s  i d e n -  
I * 7 .  , . : ; : ~ e 2  ~t a s  a s t c p  s i g n a l ,  2 . 8 %  a s  a  p r e s e n c e  + s t o p ,  and 2 . 8 %  
- -. 7. ..,.-. -.,\.-,..n JL . , . t r  Of thc;se s u b j e c t s  who i d e n t i f i e d  t h e  s i g n a l  

a s  a p r e s e n c e  l i g h t  2 . 8 %  i n d i c a t e d  it t o  b e  i n a d e q u a t e l y  b r i g h t ,  

5 9 . 9 3  c o n s i d e r e d  i t  a d e q u a t e l y  b r i g h t  and 1 7 . 1 %  r e p o r t e d  i t  a s  

e x c e s s i v e l y  b r i g h t .  By ana logy  when a  p r e s e n c e  + s t o p  s i g n a l  was 





presented 57.1% of subjects identified it as a stop signal and 

11.4% as a presence + stop; when a presence + turn signal was 
presented 74.2% identified it correctly with the largest number 

of errors being made by subjects (19.9%) who called the signal 

a stop + turn. 

Further analyses were conduc2ed utilizing these basic data 

in order to evaluate the effect of the independent variables upon 

identification of signals, the brightness ratings, and the overall 

effectiveness ratings. Each of these statistical analyses will be 

described separately. 



SIGNAL SYSTEM IDENTIFICATION. Identification of the signals 

in day, night, and night + glare conditions, at each of four 
signal intensities (80, 185, 4 2 5  and 1000 candelas), at each of 

three viewing distances (250, 1000 and 2000 feet) was evaluated 

by analysis of variance for three modes (stop, turn, stop + turn). 
For the day condition a four-factor analysis of variance was con- 

ducted for each of three system-lamp separations and for each of 

the modes at each of the signal intensities and at each of the 

distances. Under the night + glare conditions presence intensity 
was added to the analysis as a factor. 

Separate analyses of variance, not shown here, were conducted 

in each ambient condition. Where the analysis of variance indi-- 

cated that there were significant differences (~5.01) between the 
factors, Newman-Keuls tests were conducted to test the differences 

(at the .O1 level of significance) between the mean percent of sig- 

nals correctly identified. The Newman-Keuls procedure is one that 

can be used to determine if two or more means are significantly 

different from each other. For a further explanation of this test 

see Winer, 1962). 

Day - Signal Identification. The results of the Newman-Keuls 

tests on the significant interaction between systems at each dis- 

tance (Fig. 5.7) are shown in Table 5.2.  

The analysis indicates that of the three systems (1, 2, 3) 

which were used in the daytime tests, no significant differences 

were found between the systems except at 2000 feet where systems 

1 and 2(8") were significantly more effective than system 3. This 

difference was due to the difficulty in seeing the amber turn sig- 

nal in system 3 at 2000'. 



TABLE 5.2. Newman-Keuls Tests of Signal Identification in 
the Day Condition Across Distances for Each 
System. 

* I 
The values in parentheses indicate the inter-lamp 

-- - 

! I Resulted in Significantly 

i Greater Mean Percentage 
Distance (ft) I Identification 

250 I 
I I 

i 

separation used with systems 2-5. 

Than 
System (s) 

A comparison of systems across distances is shown in Table 

5.3. The shorter the viewing distance the more effective the 

results in all cases except systems 1 and 2 ( 8 " )  where 250 feet and 

1000 feet were not significantly different because identification 

did not decrease as much at these distances for these two systems 

as with the other systems. 

TABLE 5.3, Newman-Keuls Tests of Signal Identification in 
the Day Condition Across Distances for Each 
System. 

Identification 



1 0 0 0  2 0 0 0  

Viewing Distance (feet) 

Figure 5.7. Percent identification of day signals as a fu~ction 
of system-separation and viewing distance. 



The r e s u l t s  o f  t h e  Neman-Keuls  t e s t s  on t h e  s i g n i f i c a n t  

i n t e r a c t i o n  o f  sys t ems  i n  e a c h  mode ( F i g .  5 . 8 )  a r e  p r e s e n t e d  i n  

T a b l e  5 . 4 .  

TABLE 5 . 4 .  Newman-Keuls Tests o f  S i g n a l  I d e n t i f i c a t i o n  i n  
t h e  gay Con2,it-on Across  Systems f o r  Each Mode. 

Mode 

S t o p  

Turn 

S t o p  + Turn 

Resu14+zd i n  S i g n i f i c a n t l y  
G r e a t e r  Mean P e r c e n t a q e  ---'-r- I Than 

I d e n t i f i c a t i o n  I § y s t e m ( s )  

None I I I I 
None ! 

Only f o r  s t o p  + t u r n  was one  sys t em more e f f e c t i v e  t h a n  

a n o t h e r  sys tem.  System 1 was b e t t e r  t h a n  a l l  b u t  2 ( 8 " )  which 

was b e t t e r  t h a n  3 ( 2 " )  . 
T a b l e  5 .5  i n d i c a t e s  t h e  r e s u l t s  o f  Newman-Keuls tests f o r  

TABLE 5 . 5 .  Newman-Keuls Tests f o r  S i g n a l  I d e n t i f i c a t i o n  i n  t h e  
Day C o n d i t i o n  Across  Modes f o r  Each D i s t a n c e  and 
S i g n a l  I n t e n s i t y .  

I 
i 

S i g n a l  

All 

425, 1000 

185 

8  0 

8 0 

425,  1 0 0 0  

1 8 5  

185 

8 0 

None 

Yone 

S t o p ,  T u r n  

S t o p ,  Turn 

S t o p  

S t o p ,  Turn 

S t o p ,  Turn 

S t o p  

S t o p  

R e s u l t e d  i n  S i g n i -  
f i c a n t l y  G r e a t e r  
?lean P e r c e n t a g e  

I d e n t i f i c a t i o n  
I I 

Than 
Mode 

S t o p  + T u r n  

S t o p  + Turn 

Turn 

S t o p  + Turn 

S t o p  + Turn 

Turn 

Turn ,  
S t o p  + Turn 



Stop Turn 

Signal Mode 

Stop-Turn 

Figure 5.8. Percent identification of day signals as a 
function of system-separation and mode. 



t h e  s i g n i f i c a n t  t h r e e - f a c t o r  i n t e r a c t i o n  ( F i g .  5 . 9 )  of viewing 

d i s t a n c e  and s i g n a l  i n t e n s i t y  a c r o s s  modes. A t  250 f e e t  wi th  a l l  

s i g n a l  i n t e n s i t i e s  and a t  1000 f e e t  w i t h  t h e  h i g h e r  two i n t e n s i -  

t i e s ,  t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  between modes. A t  80 

and 185 cd s t o p  and t u r n  were each more i d e n t i f i a b l e  than  s t o p  t 

t u r n .  Fur thermore ,  a t  80 cd   st^? was more e f f e c t i v e  than  t u r n ,  

A t  2 0 0 0  f e e t  s t o p  and t u r n  were rnore e f f e c t i v e  than  s t o p  + t u r n  

excep t  a t  80 cd.  S t o p  was more e f f e c t i v e  t h a n  t u r n  a t  t h e  lower 

two i n t e n s i t i e s .  

Day - S i g n a l  I d e n t i f i c a t i o n  Summary, Thus, i n  c o n d i t i o n s  

where t h e  viewing d i s t a n c e  was l a r g e  and m u l t i p l e  s i g n a l s  were 

p r e s e n t e d  t h e  m e r i t s  of  systems 1 and 2  ( e s p e c i a l l y  w i t h  8 i n ,  

s e p a r a t i o n )  became a p p a r e n t .  Amber t u r n  s i g n a l s  must be of g r e a t e r  

i n t e n s i t y  t h a n  r e d  s i g n a l s .  Even w i t h  r e d  s i g n a l s  425 cd was 

needed i n  t h e  s t o p  t t u r n  mode. The mean p e r c e n t  c o r r e c t l y  iden-  

t i f i e d  s i g n a l s  a c r o s s  a l l  t h e  independent  v a r i a b l e s  i n  t h e  day- 

t ime s t u d y  a r e  shown i n  F i g u r e  5.10. T h i s  f o u r - f a c t o r  i n t e r a c t i o n  

was n o t  s i g n i f i c a n t ,  b u t  p rov ides  an overview of t h e  c o n d i t i o n s  

l e a d i n g  t o  poor i d e n t i f i c a t i o n .  A l l  systems performed w e l l  a t  

250 f e e t  i n  a l l  modes a t  80 c d ,  b u t  a s  t h e  d i s t a n c e  i n c r e a s e d  425 

cd was r e q u i r e d  i n  t h e  s t o p  and t h e  t u r n  modes, w i t h  t h e  amber 

s i q n a l  ( sys tems 3 ( 2 " )  , 3 ( 8 " )  ) be ing  somewhat poore r  excep t  a t  L O O 0  

cd .  S t o p  + t u r n  mode i d e n t i f i c a t i o n  was poor a t  1000 f e e t  a t  l e s s  

t h a n  425 c d ,  and remained poor a t  up t o  1000 cd a t  2 0 0 0  f e e t  wi th  

systems u s i n g  t h e  amber t u r n  s i g n a l .  

Night  - Presence  Mode Only S i g n a l  I d e n t i f i c a t i o n .  R e s u l t s  

i n  t h i s  s e c t i o n  a r e  based on i d e n t i f i c a t i o n  of t h e  p resence  s i g n a l  

when p r e s e n t e d  by i t s e l f ,  n o t  w i t h  o t h e r  s i g n a l s .  Mean p e r c e n t  

c o r r e c t  i d e n t i f i c a t i o n  was 95.0 a t  250 f e e t ,  9 5 . 9  a t  1 0 0 0  f e e t ,  

and 92.0 a t  2 0 0 0  f e e t .  

Newman-Keuls t e s t s  conducted on t h e  i n t e r a c t i o n  of  system- 

s e p a r a t i o n  and p resence  i n t e n s i t y  (F ig .  5.11) a r e  shown i n  
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Figure 5.11. Percent identification of presence iights as 
a function of system-separation and presence 
intensity, in the night condition. 



Tables 5.6 and 5.7. Across systems no significant differences 

were found at 4 cd because the identifications were all high. 

~t 15 cd identification of systems 1 and 4 ( 2 " )  had deteriorated 

in comparison with system 5 at both separations. 

TABLE 5.6. Newman-Keuls Teits of Presence Identification , 
in the Night Condition Across Systems at 
Each Intensity. 

Greater Mean Percentage 
Identification 

TABLE 5.7. Newman-Keuls Tests of Presence Identification 
in the Night Condition Across Presence Inten- 
sities for Each System. 

I B I 

Night t Glare - Presence Mode Only Signal Identification. 
- - - -  - 

~ ~ s u l t s  in this section are based on presence when not accompanied 
- 7  - ,- - S:" L 1  , ,, ,,rials. Viewing distacce was the only significant fac- 

tor and Newman-Keuls results are presented in Table 5.8. Identi- 

fication deteriorated from 97%at 250 and 1000 feet to 90% at 2000 

feet producing a significant decline, but performance remained 

relatively high across systems, 

, 

~ystem(s) 

4 ( 8 " ) ,  5 ( 2 " ) ,  
5 (8") 

Resulted in Significantly 
- Greater Mean Percentage 

Identification 

If 

I t  

I 

Presence 
Intensity (cd) 

None 

i 

Than Presence 
Intensity (cd) 

15 1, 4(2") I 4 



TABLE 5.8. Newman-Keuls Tests of Presence Identification in 
the Night + Glare Conditicn Across Distance. 

Presence Light Identification Summary. Identification was 
marginally better at 250 and 1000 feet than at 2000 feet. In the 

night condition 4 cd was better than 15 cd for systems 1 and 

Resulted in Significantly 
Greater Mean Percentage 

4(2") due to confusion of the presence light at the higher inten- 

sity with the stop light. 

Than 

Night - Signal Identification. Five factors were involved 

in the night tests. The findings can be described by analysis of 

three significant interactions: presence intensity x distance; 

presence intensity x signal intensity x mode; and system x signal 
intensity x distance x mode. The Newman-Keuls tests on mean 

percent signal identification as a function of viewing distance 

and presence intensity (Fig. 5.12) is shown in Table 5.9. 

TABLE 5.9, Newman-Keuls Tests of Signal Identification in 
the Night Condition Across Presence Intensities 
at Each Distance. 

Distance (it) Identification 1 Distance (ft) 

250, 1000 i 11 I 2000 

Distance (ft) 

250, 1000 
I 

Resulted in Significantly 
Greater Mean Percentage 

Identification 
I I 

r 

Presence 
Intensity (cd) 

None 

- - -  

Than Presence 
~ntensity ( c d )  



- .. I 

1 0 0 0  2 0 0 0  
Viewing Distance (feet) 

Figure 5.12. Percent identification of night signals as a function 
of presence intensity and viewing distance. 



The analysis indicates that at 2000 feet 15 cd was signifi- 

cantly less effective than 4 cd. 

Table 5.10 shows the Newman-~euls test results on the inter- 

action of presence intensity with signal intensity and mode (Fig. 

5.13). At 80 cd for turn and stop + turn the lower presence 
intensity (4cd) was better. For presence + stop + turn at 80 cd, the 
presence light of 15 cd masked the stop and the turn signals with 

fewer of each being reported. 

TABLE 5.10. Newman-Keuls Tests of Signal Identification in the 
Night Condition Across Presence Intensities at 
Each Signal Intensity and Mode. 

Table 5.11 shows the Newman-Keuls analysis of the interaction 

of system separation, signal mode, distance and signal intensity 

(Fig. 5.14). In stop and turn signals, systems 5 (2") and 5 (8") 

were significantly better than system 1 at 80 cd regardless of 

viewing distance. This was also largely true for system 4. At 

185, 425, and 1000 cd, there were mostly no significant differences 

between the systems regardless of distance. 

Mode 

Stop 

Turn 

Turn 

Stop +Turn 

Stop + Turn 

For stop + turn at all distances, system 1 was the least effec- 
tive with system 4(2") also poor. Systems 5(2") and 5I8") were 

the most effective. 

161 

Signal 
Intensity (cd) 

All 

185, 425, 1000 

8 0 

185, 425, 1000 

8 0 

Than Presence 
Intensity (cd) 

Presence 
Intensity (cd) 

None 

None 

4 

None 

4 

Resulted in Signi- 
ficantly Greater 
Mean Percentage 
Identification 

It 

It 

I! 

II 

I! 



TABLE 5.11. Newman-Keuls Tests of Signal Identification in the 
Night Condition Across System-Separation at Each Mode, 
Distance, and Signal Intensity. 

Mode 

S top  

Signal 
Dis tance  (ft) ~ n t e n s i t y  ( cd)  Sys tem(s )  

250 1 4 2 5 .  .?DO None I 
w I I 80, -85 / All 
n I 1000 1 185, 425, lC20 I None 

Turn 
11 

~185,425.1OOO / None 

1 185,425, 1000 I None 

II I 1000 1 185, 425, 100" None 

None 

4(8"), 5(2"), 
51811) 

All 

A1 1 

4(8"), 5(2"), 
5 ( 8 " )  

I It 
/ 185, 425 / All 

425 1 All 

80 1 All 

i e s u l t e d  i n  S lgn i -  
ficantly Grea te r  







h - h - - - - - - - - - 
CQN m N -- V - 



id. 



Night Signal Identification Summary. Only at 2000 feet did 

the lower presence intensity produce higher signal identification 

than the 15 cd presence intensity. Presence intensity only affected 

signal identification at the lowest signal intensity. At 80 cd, the 

4 cd presence intensity was better than 15 cd for turn and stop t 

turn in systems 1 and 4(2"). The 4 cd presence intensity would 

appear to be the more desirable intensity with systems not using 

well defined functional separation of presence lamps, or color 

coding. 

The results from Table 5 .11 indicate 

distance increases, signal intensity decre 

modes are combined, the system using colo 

separation was superior even at the lowest 

System 1, the conventional system, was gen 

tive. Figure 5 .14 shows that if system 1 

sities of 185-425 cd should be used. 

that, 

ases, 

r codi 

signa 

erally 

is us 

as the viewing 

and the signal 

ng and functional 

1 intensity. 

the least effec- 

ed, signal inten- 

Nisht t Glare - Sianal Identification. In this ambient con- 
- 

dition only systems 1, 5(2") and 5(8") were used. Newman-Keuls 

tests were conducted on two significant interactions--system- 

separation and presence intensity; and system-separation, signal 

intensity, distance, and mode. The first interaction is analyzed 

in Tables 5.12 and 5.13. 

TABLE 5.12. Newman-Keuls Tests of Signal Identification in 
the Night t Glare Condition Across System- 
Separation at Each Presence Intensity. 

Presence 
Intensity (cd) 

4, 15 

System (s) 

5(2"), 5 (8") 

Resulted in Significantly 
Greater Mean Percentage 

Identification 
11 

Than 
System (s) 

1 



TABLE 5 .13 .  Newman-Keuls Tests of Signal identification 
in the Night + Glare Condition Across Presence 
Intensities for Each System-Separation. 

System(s) I Intensity (cd)l Identification I Intensity (cd) 

None 

Than Presence , Presence 

Under the night + glare condition system 5 at both separations 

Resulted in Significantly 
Greater Mean Percentage 

was superior to system 1, regardless of presence intensity (Fig. 5.15). 

System 1 was more effective at 4 cd than at 15 cd. 

The Newman-Keuls tests onthe interaction of system-separation, 

signal intensity, distance, and mode are presented in Table 5.14. 

Table 5.14 indicates that stop signal identification was 

generally significantly better with systems 5(2") and 5(8") than 

system 1 (Fig. 5.16). For turn signals there were no significant 

differences regardless of distance and signal intensity except at 

2000 feet and 80 cd where systems 5 (2") and 5 (8") were more effec- 

tive than system 1. For stop + turn, at 250 feet and all signal 
intensities, system 5 was superior to system 1. As the viewing 

distance increased to 1000 and 2000 feet, system 5 provided sig- 

nificantly better identification only at the lower signal intensities. 

Night + Glare Signal Identification Summary. Regardless of 

mode or viewing distance, system 5 provided better identification 

than system 1. The advantage of system 5 usually decreased as 

sicnal intecsity increased. Presence intensity had little effect 

A - '- sjrsterr 5, but 4 cd was more effective than 15 cd for system 1. 

SUMMARY OF SIGNAL IDENTIFICATION ANALYSES. During the day 

the all red system (1 and 2) produced the highest percent iden- 

tification. Eight-inch lamp separation was better than two-inch 

separation. 



TABLE 5.14. Newman-Keuls Tests of Signal Identification in the 
Night Glare Condition Across System-Separation at 
Each Mode, Distance, and Signal Intensity. 



Presence Intensity (cd) 

Figure 5.15. Percent identification Of night + glare signals 
as a function of system-separation and presence 
intensity. 
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~t n i g h t  and n i g h t  + g l a r e ,  i d e n t i f i c a t i o n  o f  p r e s e n c e  l i g h t s ,  

when t h e y  were t h e  o n l y  s i g n a l  shown, d e c r e a s e d  s t a t i s t i c a l l y  

s i g n i f i c a n t l y ,  b u t  t o  a  s m a l l  e x t e n t  q u a n t i t a t i v e l y ,  a s  v iewing  

d i s t a n c e  i n c r e a s e d  t o  2000 f e e t .  The i d e n t i f i c a t i o n  o f  p r e s e n c e  

s i g n a l s  was somewhat bet"er f o r  t h e  c o l o r  coded (g reen -S lue  

p r e s e n c e  l i g h t s )  sys t em 5 t h a n  . ? o s e  u s i n g  o n l y  f u n c t i o n a l  sepa-  

r a t i o n  (System 4 )  and sys t em l ,  a a r t i c u l a r l y  a t  t h e  1 5  cd  p r e s e n c e  

l i g h t  i n t e n s i t y .  The p r e s e n t  l i g h t i n g  s t a n d a r d  a l l o w s  p r e s e n c e  

l i g h t s  o f  up t o  1 5  c d ,  which t h e s e  d a t a  have shown can  be  con- 

f u s e d  w i t h  80 cd s t o p  s i g n a l s ,  u n l e s s  a c o l o r  c o d i n g  was used-- 

o r  s i g n a l s  o f  a t  l e a s t  185 cd .  

I n  t h e  n i g h t  and n i g h t  + g l a r e  c o n d i t i o n s  t h e  t h r e e - c o l o r  

sys t em 5 ,  e s p e c i a l l y  w i t h  8" lamp s e p a r a t i o n ,  was t h e  most 

e f f e c t i v e ,  w i t h  t h e  c o n v e n t i o n a l  sys t em 1 b e i n g  s i g n i f i c a n t l y  

l e s s  e f f e c t i v e  i n  p e r c e n t  of  s i g n a l s  i d e n t i f i e d  i n  many c o n d i t i o n s .  

The advan tage  o f  sys t em 5 ( 8 " )  was most a p p a r e n t  under  t h e  more 

d i f f i c u l t  v iewing  c o n d i t i o n s .  The lower  p r e s e n c e  i n t e n s i t y  was 

b e t t e r  a t  2000 f e e t  and w i t h  80 cd  s i g n a l  i n t e n s i t i e s  i n  t h e  

n i g h t  c o n d i t i o n  f o r  sys t ems  1 and 4 ( 2 I f ) .  l Jnder  t h e  n i g h t  + g l a r e  

c o n d i t i o n  t h e  lower  p r e s e n c e  i n t e n s i t y  was more e f f e c t i v e  o n l y  

f o r  sys t em 1. I n  b o t h  c a s e s  t h e  lower  p r e s e n c e  i n t e n s i t y  reduced 

c o n f u s i o n s  w i t h  s i g n a l s .  Comparison of  t h e  n i g h t  and n i g h t  + 
g l a r e  t e s t s  ( F i q .  5 . l.4 an? 5 . 1 6 )  show t h a t  t h e  i d e n t i f i c a t i o n  

o f  s i g n a l s  o f  sys t em 5 was r e l a t i v e l y  un impai red  by t h e  g l a r e ,  

whereas  sys t em 1 per formance  was deg raded  by t h e  g l a r e ,  p a r t i c u -  

l a r l y  i n  t h e  s t o p  + t u r n  mode. 

O v e r a l l ,  t h e  t h r e e - c o l o r  sys t em 5 ( 8 " )  appea red  t o  be  most 

effective i n  a g i v e n  s e t  o f  t h e  n i g h t  and n i g h t  + g l a r e  c o n d i t i o n s  

and would v e r y  l i k e l y  be  a s  e f f e c t i v e  d u r i n g  t h e  day i f  t h e  amber 

t u r n  s i g n a l s  were of  an adequa te  i n t e n s i t y .  

I n  t h e  n i g h t  t e s t ,  s i g n a l  i n t e n s i t i e s  of  185 cd  a r e  needed 

f o r  sys t ems  1 and 4 t o  p r o v i d e  a d e q u a t e  l e v e l s  o f  s i g n a l  i d e n t i -  



fication, whereas 80 cd provided equivalent percent identifica- 

tion with system 5 (Fig. 5.14) . 
In the night + glare condition signal identification with 

system 1 was impaired compared to the no-glare test, as can be 

seen from Figures 5.11 and 5.15, whereas system 5 performance 

remained little affected by the glare from the headlamps. 

While 80 cd provided good levels of signal identification 

for systems 5 in all modes and at all distances, system 1 required 

up to 425 cd for equivalent levels of identification in the stop 

and stop + turn modes. 



SIGNAL BRIGHTNESS RATINGS. The ratings made by the subjects 

of the brightness of each of the signals and presence lights as 

presented in the day, night, and night + glare conditions, at each 
of the three viewing distances (250, 1000, and 2000 ft), at each of 

the two presence intensities (4 and 15 cd) and each of the four 

signal intensities (80, 185, 425 and 1000 cd) were evaluated for 

each of the system-separations (2", 8") by analyses of variance. 

Separate analyses of variance were made on the percent of "inade- 

quate" (too dim) and on the "excessive" (too bright) responses 

made to each signal condition. Because the resulting significant 

interactions were not necessarily the same for the inadequate and 

excessive ratings Newman-Keuls tests were made directly on the 

highest order interaction of signal intensity, distance, system, 

mode, and ambient condition. Results were considered statistically 

significant if P'. 01. 

Analysis of Day Tests. The results of separate Newman-Keuls 

tests run on the inadequate and excessive ratings for stop signals 

(Fig. 5.17) in the day are shown in Table 5.15. There were no 

significant differences in brightness ratings among the systems. 

TABLE 5 .15. 1Uewman-Keuls Tests of Brightness Ratings for 
Stop Signals Presented During the Day, Across 
System-Separation for Each Signal Intensity 
and Distance. 

~istance ( f t f  

Excessive 



UHY - 31Ut' 

INADEQUATE 

80 185 425 1000 80 185 425 1OC,O 

SIGNAL INTENSITY (cd) 

EXCESSIVE 

SIGNAL INTENSITY (cd) 

F i g u r e  5 .17 .  P e r c e n t  i n a d e q u a t e  and e x c e s s i v e  r a t i n g s  
o f  s t o p  s i g n a l s  i n  t h e  day. 

1 7 7  



Newman-Keuls tests on the effect of stop signal intensity, 

in the day, are shown in Table 5.16. 

TABLE 5.16. Newman-Keuls Testc of Brightness Ratings for Stop 
Signals in the Day. Across Signal Intensities for 
Each System-SeparaLion and Distance. 

All 

At 250 feet and 1000 feet, 80 cd was almost always rated too 

dim significantly more frequently than 425 and 1000 cd for all 

systems. Thus, inadequate ratings decreased up to 425 cd (Fig. 5-17. 



For all systems at LOO0 feet, 185 cd was rated too dim signifi- 

cantly more frequently than 1000 cd,and 425 cd was too dim for 

systems 1, 2 (2") , and 3 (8"). At 2000 feet 80 and 185 cd were 
rated too dim significantly more frequently than 1000 cd, and 

425 cd was too dim for all systems except 3 (2") . No significant 

differences in excessive ratings occurred. Thus, in the day, s ~ o p  

signals would need to be over 185 cd for all systems to be of ade- 

quate brightness at only 250 feet and between 425 cd ar.d 1000 cd 

for distances of 1000 feet or greater. 

Newman-Keuls test results for turn signals are shown in 

Table 5.17, and the percent brightness ratings of inadequate and 

excessive are shown in Figure 5.18. 

TABLE 5.17. Newman-Keuls Tests of Brightness Ratings for Turn 
Signals Presented Alone During the Day, Across 
System-Separations for Each Signal Intensity and 
Distance. 

~istance (ft) 

250 
11 

II 

1000 
II 

2000 
II 

All 

I 

Signal 
Intensity (cd) 

80, 1000 

185 

425 

80, 185, 1000 

425 

80, 185, 425 

1000 

All 

System (s) 

None 

3(2") 

3(2") 

None 

1, 2 (2"), 
3 (8") 

None 

3(2"), 
3(8") 

None 

I 

Rated Significantly 
More Frequently 

Inadequate 
II 

11 

It 

11 

If 

I I 

Excessive 
I 

Than 
System (s) 

1 

1, 2(8") 

2 (8") 

2 (2" ), 
2 ( 8 " )  



DAY - TURN 
INADEQUATE 



No significant differences in excessive ratings occurred. 

For inadequate ratings, at 80 cd there were no significant differ- 

ences in the ratings of the systems, regardless of viewing distance. 

At 250 feet system 1 was significantly better (brighter) than 

system 3(2") at 185 and 425 cd. System 2(8") was also better at 

425 cd. At 1000 feet the only significant differences occurred 

at 425 cd where system 2(8") was rated inadequate significantly 

less than systems 1, 2 (2"), and 3(8"). At 2000 feet no signifi- 

cant differences occurred between systems at 80, 185, and 425 cd; 

but at 1000 cd system 2 were better than system 3. 

Table 5.18 indicates the Newman-Keuls test results for turL 

TABLE 5.18. Newman-Keuls Tests of Brightness Ratings for Turn 
Signals Presented Alone During the Day, Across Signal 
Intensities for Each System-Separation and Distance. 

Than Signal 
Intensity (cd) 

185, 425, 1000 
II 

It 

42 5 

425, 1000 

185 

425, 1000 

1000 
11 

185 

1000 

425 

425, 1000 

1000 
I1 

425 

Rated Significantly 
More Frequently 

Inadequate 
I1 

11 

I I 

I1 

I I 

II 

I1 

It 

I1 

I1 

11 

I1 

It 

II 

I1 

II 

Excessive 

Sys tern (s) 

1,2(2") 
II 

3 ( 2 " )  
I I 

2 (8" ) 
I I 

3 (8") 

1, 3 (8") 

2 (2") 
I I 

3 (2") 
I1 

2 (8") 

3 (2"), 3 (8") 

2(2"),2(8") 

1 

1 

A1 1 

Distance (ft) 

250 
t I 

I I 

I I 

I I 

I I 

I1 

1000 
11 

I1 

I1 

11 

II 

2000 
It 

I I 

I I 

All 

Signal 
Intensity (cd) 

80 

185 

80, 185, 425 

8 0 

80, 185 

8 0 

80, 185 

80, 185, 425 

80, 185, 425 

8 0 

80, 185, 425 

80, 185 

80, 185 

None 

80, 185, 425 

80,185, 425 

80 

None 



signals, in the day, across signal intensities. At 250 feet 80 cd 

was always rated too dim when compared with 1000 cd. Other signifi- 

cant differences were highly dependent on the system-separation 

involved. At 1000 feet all signal intensities were too dim com- 

pared with 1000 cd except for system 2(8") where 425 cd was not 

rated less dim than 1000 cd. A- 2000 feet there were no signifi- 

cant differences between signal intensities for system 3, which 

was rated as inadequate by over 60% of respondents even at 1000 cd. 

For the other systems all signal intensities were too dim compared 

with 1000 cd. No significant differences in excessive ratings 

occurred. 

The results of the Newman-Keuls tests across systems for the 

stop signal when presented with a turn signal are shown in Table 

5.19, and the percent brightness ratings of inadequate and exces- 

sive are shown in Figure 5.19. The only significant differences 

TABLE 5.19. Newman-Keuls Tests of Brightness Ratings for Stop 
Signals Presented with Turn Signals During the Day, 
Across System-Separations for Each Signal Intensity 
and Distance. 

Distance (ft) 



DAY - STOP I /  STOP + TURN 
INADEQUQE 

80 1 8 5  4 2 5  lOC0 80 185 4 2 5  1000 

SIGNAL INTENSITY(cd) 

SIGNAL INTENSI'IY(cd) 

F i g u r e  5 .19 .  Pe r cen t  inadequa te  and exces s ive  r a t i n g s  of 
s t o p  i n  s t o p  + t u r n  s i g n a l s  i n  t h e  day. 





Thus ,  80 cd  was found t o o  dim f o r  a l l  sy s t ems  a t  250 f e e t .  

A t  1000 f e e t  80 ,  185 ,  and 425 cd were r a t e d  t o o  dim f o r  sys t ems  

1, 2 ( 2 " ) ,  3 ( 2 " )  more o f t e n  t h a n  1000 cd .  For  sys t ems  2 ( 8 " )  and 

3 ( 8 " ) ,  80 cd and 185 cd  were t o o  dim. A t  2000 f e e t  80 and 185 c d  

were t o o  dim f o r  a l l  sy s t ems  and 425 c d  was t o o  dim f o r  sys t em 1. 

~t 250 f e e t  1000 c d  was c o n s i d e r e d  t o o  b r i g h t  f o r  a l l  b u t  sys t em 1. 

No s i g n i f i c a n t  d i f f e r e n c e s  i n  b r i g h t n e s s  r a t i n g s  o c c u r r e d  a t  

o t h e r  d i s t a n c e s .  

Newman-Keuls r e s u l t s  a c r o s s  sys t ems  f o r  t u r n ,  p r e s e n t e d  w i t h  

s t o p ,  a r e  i n  T a b l e  5 . 2 1 ,  and t h e  p e r c e n t  of  i n a d e q u a t e  and exces -  

s i v e  r a t i n g s  a r e  shown i n  F i g u r e  5,20. A t  250 f e e t ,  o n l y  a t  185 

TABLE 5 . 2 1 .  Newman-Keuls T e s t s  o f  B r i g h t n e s s  R a t i n g s  f o r  Turn 
S i g n a l s ,  i n  S t o p  + Turn S i g n a l s ,  i n  t h e  Day, Across  
Sys t em-Sepa ra t ions  f o r  Each S i g n a l  I n t e n s i t y  and 
D i s t a n c e .  

~ i s t a n c e  ( f t )  

250 
I t  

I t  

1000 
I I  

11 

I I  

2000 
I  I  

I1 

I t  

A 1  1 

S i g n a l  
I n t e n s i t y  ( c d )  

80, 425, 1000 

185 

185 

425 

80 

185 

1000 

80, 185 

425 

1000 
11 

A1 1 

Than 
System ( s )  

1,2 ( 2") , 
2  ( 8 " )  

2  ( 8 " )  

3  ( 2 " )  

2  ( 8 " )  

1, 3 ( 8 " )  

1, 2  ( 8 " )  

1 

1, 2  ( 8 " )  

System ( s )  

None 

3 ( 2 " )  

3 ( 8 " )  

None 

2 ( 2 " ) ,  
2 ( 8 " ) ,  
3 ( 8 " )  

2  ( 2 " ) )  
3  ( 8 " )  

3 ( 2 " )  

None 

3 ( 2 " )  

3 ( 8 " )  

3 ( 2 " )  

None 

Rated  S i g n i f i c a n t l y  
More F r e q u e n t l y  

I n a d e q u a t e  
I t  

t r  

I I 

I I  

I  I 

I1 

I I 

11 

t t  

11 

E x c e s s i v e  



DAY - TURN IN STOP + T U R N  
INADEQUATE 

SIGNAL INTENSITY (cd) 

EXCESSIVE 

80 185 425 1000 80 185 425 1000 

SIGNAL INTENSITY (cd) 

F i g u r e  5 . 2 0 .  P e r c e n t  i n a d e q u a t e  and e x c e s s i v e  r a t i n g s  
of t u r n  i n  s t o p  + t u r n  s i g n a l s  i n  t h e  day. 

186 



cd were t h e r e  s i g n i f i c a n t  d i f f e r e n c e s  w i t h  sys t em 3 u s u a l l y  b e i n g  

judged t o o  dim more f r e q u e n t l y  t h a n  sys t em 2 ( 8 " ) .  A t  1000 f e e t ,  

s i g n i f i c a n t  d i f f e r e n c e s  o c c u r r e d  a t  a l l  b u t  425 c d ,  No one  sys t em 

was c o n s i s t e n t l y  b e t t e r  o r  worse t h a n  a n o t h e r  o v e r  t h e  r ange  o f  

s i g n a l  i n t e n s i t i e s ,  s u g g e s t i n g  v a r i a b i l i t y  i n  t h e  d a t a  due t o  t h e  

fewer  s u b j e c t s  used  a t  t h i s  d i s t a n c e  t h a n  250 o r  2000 f e e t .  Sys- 

tems 1 and 2 ( 8 " )  were s i g n i f i c a n t l y  more e f f e c t i v e  a t  2020 fee-c 

t h a n  sys t em 3 ( 2 " )  a t  425 and 1000 cd.  No s i g n i f i c a n t  d i f f e r e n c e s  

i n  e x c e s s i v e  r a t i n g s  o c c u r r e d .  

Newman-Keuls t e s t  r e s u l t s  a c r o s s  s i g n a l  i n t e n s i t i e s  f o r  t u r n  

s i g n a l s  p r e s e n t e d  d u r i n g  t h e  day w i t h  s t o p  s i g n a l s  a r e  shown i n  

T a b l e  5 .22.  

Tab le  5 . 2 2  i n d i c a t e s  t h a t  80 cd  was r a t e d  t o o  dim t h a n  

g r e a t e r  i n t e n s i t i e s  f o r  a l l  sys tems  a t  250 f e e t ,  and t h a t  185 cd  

was t o o  dim f o r  sys t em 3. A t  1000 f e e t  t h e r e  were no s i g n i f i -  

c a n t  d i f f e r e n c e s  due t o  i n t e n s i t y  f o r  sys t em 3 ( 2 " ) ,  b u t  t h e s e  

d a t a  s h o u l d  b e s t  be  i g n o r e d  a s  t h e i r  b e h a v i o r  i s  unusua l  ( F i g .  

5 . 2 0 ) .  I n t e n s i t i e s  up t o  425 cd  were r a t e d  t o o  dim s i g n i f i -  

c a n t l y  more o f t e n  t h a n  1000 cd  f o r  a l l  sy s t ems .  A t  2000 f e e t ,  

no s i g n i f i c a n t  improvement o c c u r r e d  f o r  sys t em 3 ( 2 " )  a s  i n t e n s i t y  

was i n c r e a s e d ,  and t h e  o t h e r  sys t em u s i n g  amber t u r n  s i g n a l s ,  

3 ( 8 " ) ,  was r a t e d  c o n s i s t e n t l y  i n a d e q u a t e .  For  a l l  o t h e r  s y s t e m s ,  

up t o  1000 cd  would b e  r e q u i r e d  f o r  adequa te  b r i g h t n e s s .  A t  250 

f e e t ,  sy s t em 2 a t  1000 cd was r a t e d  s i g n i f i c a n t l y  more £ re -  

q u e n t l y  a s  e x c e s s i v e l y  b r i g h t  t h a n  lower  i n t e n s i t i e s .  

Summary o f  R e s u l t s  - Day Cond i t i on .  For  s t o p  s i g n a l s ,  p r e -  

s e n t e d  a l o n e  o r  i n  t h e  s t o p  + t u r n  mode, s y s t e m - s e p a r a t i o n  had 

no s i g n i f i c a n t  e f f e c t  on b r i g h t n e s s  r a t i n g s .  E i g h t y  and 185 c d  

were t o o  dim f o r  a lmos t  a l l  sy s t ems  a t  a l l  d i s t a n c e s .  More t h a n  

425 cd  would be  needed a t  2000 f e e t .  

The r e d  t u r n  s i g n a l s  i n  sys tems  2  and 1 r e q u i r e d  lower  i n t e n -  

s i t i e s  f o r  e q u i v a l e n t  r a t i n g s  t h a n  t h e  amber t u r n  s i g n a l  i n  sys t em 3. 



TABLE 5.22. Newrnan-Keuls Tests of Brightness Ratings for Turn 
Signals, in Stop + Turn Signals, in the Day, 
Across Signal Intensities for Each System- 
Separation and Distance. 



Up t o  425 cd was needed by t h e  most s a t i s f a c t o r y  sys t ems  a t  250 

f e e t ,  and up t o  1000 c d  a t  2000 f e e t .  Q u i t e  s i m i l a r  r e s u l t s  were 

found f o r  t h e  r a t i n g s  o f  t h e  t u r n  s i g n a l  when p r e s e n t e d  a l o n e  a s  

i n  t h e  s t o p  + t u r n  mode. 

For  a l l  s i g n a l  p r e s e n t a t i o n s  d u r i n g  t h e  day a  s t o p  s i g n a l  

i n t e n s i t y  o f  up t o  425 c d ,  and t u r n  s i g n a i  i n t e n s i t i e s  up t o  1906 

c d ,  p a r t i c u l a r l y  f o r  amber s i g n a l s ,  would a p p e a r  t o  b e  d e s i r a b i e ,  

O t h e r  d i f f e r e n c e s  between sys t em c h a r a c t e r i s t i c s  d i d  n o t  a p p e a r  

t o  be  of  much im2or t ance  i n  a f f e c t i n g  t h e  r a t i n g s .  

A n a l y s i s  o f  lii:iqht T e s t s .  R e s u l t s  o f  Newman-Keuls t e s t s  on 

b r i g h t n e s s  r a t i n g s  ( F i g .  5 .21)  f o r  s t o p  s i g n a l s  i n  t h e  n i g h t  a r e  

shown i n  T a b l e  5 .23 .  No s i g n i f i c a n t  d i f f e r e n c e s  between sys t ems  

i n  i n a d e q u a t e  b r i g h t n e s s  r a t i n g s  o c c u r r e d .  I n t e n s i t i e s  between 

80 c d  and 185 cd  p r o v i d e d  a d e q u a t e  s i g n a l  b r i g h t n e s s  unde r  a l l  

c o n d i t i o n s .  However, a t  250 f e e t  and 185 c d  sys t em 5 ( 8 " )  was 

c o n s i d e r e d  t o o  b r i g h t  s i g n i f i c a n t l y  more f r e q u e n t l y  t h a n  sys t em 1. 

A t  425 c d  sys t ems  4 (811) ,  5 ( 2 " )  and 5 ( 8 " )  were r a t e d  t o o  b r i g h t  

more o f t e n  t h a n  sys t em 1, and a t  1000 c d  sys t ems  5 ( 2 " )  and 5 ( 8 " )  

were r a t e d  t o o  b r i g h t  more o f t e n  t h a n  sys t ems  1 and 4 ( 2 " ) .  

TABLE 5.23. Newman-Keuls Tests o f  B r i g h t n e s s  R a t i n g s  f o r  S t o p  
S i g n a l s  i n  t h e  N i g h t ,  Ac ross  Sys t em-Sepa ra t ion  
f o r  Each S i g n a l  I n t e n s i t y  and D i s t a n c e .  

~ i s t a n c e  ( f t )  

A l l  

1000,  2000 

250 
I1 

I  I  

I1 

S i g n a l  
I n t e n s i t y  ( c d )  

A l l  

A l l  

8  0 

185 

4 2 5  

1 0 0 0  

S y s t e m ( s )  

None 

None 

None 

5  ( 8 " )  

4 (8"), 
5  ( 2 " ) ,  
5  ( 8 " )  

5  (211), 
5  ( 8 " )  

Rated  S i g n i f i c a n t l y  
More F r e q u e n t l y  

I n a d e q u a t e  

E x c e s s i v e  
I! 

1 1  

I I 

I I 

Than 
System ( s )  

i 

i 

1, 4 ( 2 " )  



NIGHT - STOP 

INADEQUATE 
loor-. - 

SIGNAL INTENSITY (cd) 

EXCESSIVE 

SIGNAL IYTENSIR (cd) 

Figure 5 . 2 1 .  P e r c e n t  i n a d e q u a t e  and e x c e s s i v e  r a t i n g s  
of s t o p  s i g n a l s  in t h e  night. 



A comparison across signal intensities for the stop signal 

is presented in Table 5.24. 

TABLE 5.24. Newman-Keuls Tests of Brightness Ratings for Stop 
Signals in the Night, Across Signal Intensities 
for Each System-Separation and Distance. 

~istance (ft) 

Excessive 

I 1  

I I 

11 

11 

11 

10 0 0 
1 I 

I I 

11 

2000 

I 1  

I t  

11 

425, 1000 

425 

1000 

185, 425, 1000 

1000 

None 

1000 

425 

10 0 0 

1000 

425 

1000 

1000 

4 (8") 

5(2") 
11 

5 (8") 
t I 

4 (8") 

1, 4(2"), 
5 (2") 

5 (8") 
I I 

4(2"), 4(8"), 
5 (2") 

1 

1 

5(8") 

II 

I I 

11 

11 

11 

!I 

11 

I t  

11 

I t  

11 

11 

I 1  

80, 185 

80, 185 

80, 185, 425 

8 0 

185, 425 

80,185, 425 

8 0 

80, 185 

80, 185, 425 

8 0 

80, 185 

80, 185 



For  t h e  inadequa te  b r i g h t n e s s  r a t i n g s  a t  250 f e e t  t h e r e  were 

no s i g n i f i c a n t  d i f f e r e n c e s  due t o  s i g n a l  i n t e n s i t y  f o r  a l l  systems 

e x c e p t  system 1 where 80 cd was t o o  dim. A t  1 0 0 0  f e e t  80 cd was 

t o o  dim on;y f o r  system 4 ( 2 " )  . A t  2 0 0 0  f e e t  t h e r e  were no s i g -  

n i f i c a n t  d i f f e r e n c e s  i n  inadequa te  b r i g h t n e s s  r a t i n g s .  Thus, 

80 cd was g e n e r a l l y  r a t e d  adecx "ly b r i g h t  f o r  a l l  sys tems.  

The f requency of e x c e s s i v e  s r i g h t n e s s  r a t i n g s  i n c r e a s e d  

s h a r p l y  w i t h  i n t e n s i t y ,  p a r t i c u l a r l y  a s  f u n c t i o n a l  s e p a r a t i o n  and 

c o l o r  coding of p resence  l i g h t s  was used,  I n c r e a s e s  of  i n t e n s i t y  

above 80 cd f o r  sys tem 5 ,  above 185 cd f o r  system 2 and above 

425 cd f o r  sys tem 1 s i g n i f i c a n t l y  i n c r e a s e d  e x c e s s i v e  b r i g h t n e s s  

r e sponses .  I n  g e n e r a l  t h e  converse  was t r u e  of i n a d e q c a t e  b r i g h t -  

n e s s  r a t i n g s ,  a s  would be expected .  

The Newman-Keuls t e s t s  f o r  inadequa te  and e x c e s s i v e  b r i g h t -  

n e s s  r a t i n g s  f o r  t u r n  s i g n a l s  (F ig .  5 .22)  a r e  shown i n  Tab les  

5.25 and 5.26. 

From Table  5.25,  on ly  a t  80 cd and 250 f e e t  was t h e r e  a  s i g -  

n i f i c a n t  d i f f e r e n c e  between systems i n  inadequa te  r a t i n g s  w i t h  

systems 1, 4 ( 2  " )  , and 4 ( 8 " )  be ing  r a t e d  more o f t e n  a s  t o o  dim. 

Excess ive  r a t i n g s  were more p l e n t i f u l  wi th  1 0 0 0  cd t o o  b r i g h t  more 

f r e q u e n t l y  f o r  systems 5  ( 2 " )  and 5 ( 8 " )  a t  250 f e e t .  A t  1 0 0 0  f e e t  

t h e  amber t u r n  s i g n a l  of system 5 ( 8 " )  was r a t e d  t o o  b r i g h t  more 

o f f e n  t h a n  o t h e r s  excep t  ; ~ t  80 cd .  From 2000 f e e t  sys tem 4 ( 2 " )  

was r a t e d  b r i g h t e r  t h a n  4 ( 8 " )  a t  LOO0 cd. No o t h e r  d i f f e r e n c e s  

between systems were s i g n i f i c a n t .  

I n  Table  5 .26 ,  80 cd was found t o o  dim f o r  systems 1, 4 ( 2 " ) ,  

an?. 4 (5") at a l l  d i s t a n c e s  and t o o  dim f o r  system 5  ( 2 " )  a t  1 0 0 0  

f e e t  than g r e a t e r  i n t e n s i t i e s .  For  a l l  systems 4 2 5  cd and 1000 cd 

were r a t e d  t o o  b r i g h t  s i g n i f i c a n t l y  more o f t e n  t h a n  lower i n t e n -  

s i t i e s  a t  250 f e e t .  A t  L O O 0  f e e t  1 0 0 0  cd  was t o o  b r i g h t  f o r  a l l  

sys tems ,  425 cd was t o o  b r i g h t  f o r  systems 1, 4 ( 2 " ) ,  5 ( 2 " ) ,  and 

185 cd  was t o o  b r i g h t  f o r  system 5 ( 8 " )  t h a n  lower i n t e n s i t i e s .  



NIGHT - TURN 
INADEQUATE 

80 185 4 2 5  1000 80 185 425 1000 

SIGNAL INTENSITY (cd) 

loo r - .- - . . . . - 

SIGNAL INTENSITY (cd) 

F i g u r e  5 . 2 2 .  P e r c e n t  i n a d e q u a t e  and e x c e s s i v e  r a t i n g s  
of t u r n  s i g n a l s  i n  t h e  n i g h t .  



At 2000 feet 1000 cd was too bright for all systems and 425 cd 

was too bright for systems 1 and 5 (8"). 

TABLE 5.25. Newman-Keuls Tests of Brightness Ratings for Turn 
Signals in the Night, Across System-Separations 
for Each Signal Intensity and Distance. 

Distance (ft 
Signal 

Intensity (cd) 

185, 425, 1000 

8 0 

A1 L 

Rated Significantly 
System (s) More Frequently 

None Inadequate 

1, 4 (2"), 4 ( 8" ) 11 

None 11 

None 

5 (2") 

5 (8") 

None 

5 (8") 

Excessive 
11 

11  

11  

!I 

5 (8") I I 

5 ( 8 " )  I 1  

None 11 

4 ( 2 " )  11 

Than 
System (s) 



TABLE 5 .26 .  Newrnan-Keuls T e s t s  o f  B r i g h t n e s s  R a t i n g s  f o r  Turn  
S i g n a l s  i n  t h e  N i g h t ,  A c r o s s  S i g n a l  I n t e n s i t i e s  
f o r  Each S y s t e m - S e p a r a t i o n  a n d  D i s t a n c e .  

D i s t a n c e  ( f t )  

185,  425, 1000 

185, 425, 1000 

I I 

11 185, 425, 1000 

E x c e s s i v e  80, 1 8 5  
I 1  60, 1 8 5  

1000 
11 

!I 

I 1  

I I 

2000 
I I 

11 

I I 

I 1  

1000 

425 

1000  

185, 425 

1000 

425 

1000 

1000  

425 

1000 

5  ( 2 " ) ,  5  ( 8 " )  

4 ( 8 " )  

1, 4 ( 2 " ) ,  
5  ( 2 " )  

1, 4 ( 2 " ) ,  
5  ( 2 " )  

5 ( 8 " )  
I 1  

1 

1 

4 ( 2 " ) , 4 ( 8 " ) ,  
5  ( 2 " )  

5 ( 8 " )  
11 

I 1  

11 

11 

11 

II 

I 1  

I t  

11 

II 

II 

I 1  

80, 185, 425 

80, 185, 425 

80, 1 8 5  

80, 185, 425 

8  0  

80, 185, 425 

8  0  

80, 1 8 5  

80, 185,  425 

80, 1 8 5  

80, 185, 425 



The results for stop signals in stop + turn signals, are 
shown in Figure 5.23 and Newman-Keuls tests in Tables 5.27 and 

5.28. 

TABLE 5.27. Newman-Keuls Test5 of Brightness Ratings for Stop 
Signals in Stop + Turn Signals in the Night, Across 
System-Separations for Each Signal Intensity and 
Distance, 

Excessive 

There were no significant differences between systems or between 

signal intensities in inaSeqnate ratings which were uniformly low 

(Fig. 5.23). At 250 feet excessive ratinqs across system-separation, 

for systems 5(2"1 and 5 ( 8 " )  were more frequent at 1000 cd than at 

lower intensities. At 1000 feet system 5(8") was too bright at 425 

an2 lo?? c?. and system 4 ( 5 " )  was too bright at 425 cd. At 2000 feet 

-:here were no significant differences among systems at all signal 

intensities. Across signal intensities 1000 cd was too bright at 

all distances and for all systems. Four hundred and twenty five cd 

was too bright for all systems except 1 at all distances, 185 cd 

was too bright for system 5 ( 8 " )  at 250 feet, system 5 (2") and 5 (8") 

at 1000 feet, and system 5(8") at 2000 feet. 



iIIGHT - STOP I N  STOP + TURN 

INADEQUAT E 

80 185 425 1000 80 185 425 1000 

SIGNAL INTENSITY ( c d )  

SIGNAL INTENSITY(cd) 

F i g u r e  5 .23 .  P e r c e n t  inadequa te  and e x c e s s i v e  r a t i n g s  
of  s top  s i g n a l s  i n  s t o p  + t u r n  i n  t h e  n i g h t .  



TABLE 5.28. Newman-Keuls Tests of Brightness Ratings for Stop 
Signals in Stop + Turn Signals in the Night, 
Across Signal Intensities for Each System-Separation 
and Distance. 

Distance (ft) 

All 

Excessive 

I 



NIGHT - TURN I N  STOP + T U R l  
INADEQUATE 

80 185 425 1000 80 185 425 1000 

SIGNAL INTENSITY (cd)  

F i g  

EXCESSIVE 

80 1 8 5  4 2 5  1000 80 185 425  1000 

SIGNAL INTENSITY (cd)  

ure 5.24. P e r c e n t  inadequa te  and e x c e s s i v e  r a t i n g s  of 
t u r n  s i g n a l s  i n  s t o p  + t u r n  i n  t h e  n i g h t .  



The ratings for turn signals, in stop + turn signals, are 
shown in Figure 5.24, and the Newman-Keuls tests are shown in 

Tables 5.29 and 5.30. 

TABLE 5.29, Newman-Keuls Tests of Brightness Ratings for Turn 
Signals in Stop + '.urn Signals in the Night, 
Across System-Separ~ation for Each Signal Intensity 
and Distance. 



TABLE 5.30. Newman-Keuls Tests of Brightness ilatings for Turn 
Signals in Stop  + Turn Signals in the Night, Across 
Signal Intensities for Each System-Separation and 
Distance. 

Distance (ft 

250 
I1 

None 14 (2") 

None 4 (2"), 4 (8") 

185 1 

8 0 1 

80, 185 5 (2") 

None I 

l~ated Significantly - 

I More Frequently 
i 
i Inadequate 

Excessive 
I1 

II 

I I 

Than Signal 
Intensity (cd) 



I n a d e q u a t e  r a t i n g s  o f  t u r n  s i g n a l s  p r e s e n t e d  w i t h  s t o p  s i g n a l s  

were numerous,  undoubtedly  due t o  t h e  f a c t  t h a t  s t o p  and t u r n  s i g -  

n a l s  were a lways  p r e s e n t e d  a t  e q u a l  i n t e n s i t i e s .  Across  system- 

s e p a r a t i o n s  sys t em 4 ( 2 " )  was r a t e d  t o o  dim a t  250 f e e t  and 80 and 

185 c d .  Systems 1 and 4 ( 8 " )  were a l s o  r a t e d  t o o  dim a t  80 cd.  

From a  v iewing  d i s t a n c e  o f  1090 ; e e t  sys t ems  4 ( 2 " ) ,  4 ( 8 " ) ,  and 

5 ( 2 " )  were more o f t e n  r a t e d  t o o  < i n  t h a n  sys t ems  1 and 5 ( 8 " )  a t  

a l l  s i g n a l  i n t e n s i t i e s .  The o n l y  e x c e p t i o n  was f o r  sys t em 5 ( 2 " )  

a t  1000 cd .  A t  2000 f e e t  sys t ems  4 ( 2 " ) ,  4 ( 8 " ) ,  and 5!2")  were more 

f r e q u e n t l y  r a t e d  t o o  dim a t  a l l  i n t e n s i t i e s  t h a n  5 ( 8 " )  and 1. 

System 5 ( 8 " )  a t  250 f e e t  and 1000 cd was t h e  o n l y  c a s e  where a  

t u r n  s i g n a l  i n  s t o p  t t u r n  was more o f t e n  r a t e d  a s  e x c e s s i v e l y  

b r i g h t .  

There  were no s i g n i f i c a n t  d i f f e r e n c e s  i n  i n a d e q u a t e  r a t i n g s  

due  t o  i n t e n s i t y  d i f f e r e n c e s  f o r  sys t em 5 ( 8 " )  a t  250 f e e t ,  f o r  

sys t em 4 ( 2 " )  a t  1000 f e e t ,  n o r  f o r  sys t ems  4 ( 2 " )  an2 4 ( 8 " )  a t  

2000 f e e t .  E i g h t y  and 185 cd  were r a t e d  t o o  dim compared t o  

h i g h e r  i n t e n s i t i e s  f o r  sys t ems  4 ( 2 " )  and 4 ( 8 " )  a t  250 f e e t ,  b u t  

o n l y  80 cd  was t o o  dim f o r  sys t ems  1 and 5  ( 2 " )  . A t  1000 f e e t  

80 cd  was t o o  dim f o r  a l l  b u t  sys t em 4 ( 2 ) .  One hundred  e i g h t y  

f i v e  cd was t o o  dim f o r  sys t ems  1 and 5 ( 2 " ) .  A t  2000 f e e t  80 cd 

was t o o  dim f o r  sys t ems  1, 5 ( 2 1 1 ) ,  ar,d 5 ( 8 " ) ,  and 185 cd was t o o  

dim f o r  sys t ems  1 an2 5 ( 2 ) .  E x c e s s i v e  r a t i n g s  o c c u r r e d  o n l y  a t  

250 f e e t  among s i g n a l  i n t e n s i t i e s .  One thousand  cd  was r a t e d  t o o  

b r i g h t  more o f t e n  t h a n  o t h e r  i n t e n s i t i e s  f o r  a l l  b u t  sys t em 1, 

an6  425 cd was t o o  b r i g h t  f o r  sys t em 5 ( 8 " ) .  

Scmmary o f  R e s u l t s  - Nigh t  Cond i t ion .  An overv iew o f  t h e  
--m-,,  1 .I.. - =,,;s cf t h e  n i g h t  tes ts  can  b e s t  be  s e e n  by s c r u t i n y  of  F i g u r e s  

5 .21  - 5.24.  T h i s  shows t h a t  f o r  a l l  s i g n a l  modes t h e  p e r c e n t  

o f  i n a d e q u a t e  b r i g h t n e s s  r e s p o n s e s  had d e c l i n e d  t o  abou t  3 0 %  f o r  

sys t ems  1 and 5 ( 8 " ) ,  a t  a l l  d i s t a n c e s ,  a t  i n t e n s i t i e s  o f  185 cd 



o r  less.  I t  i s  a l s o  n o t e d  t h a t  less t h a n  30% o f  r e s p o n d e n t s  

r a t e d  t h e  s t o p  s i g n a l  i n a d e q u a t e  i n  i n t e n s i t y  a t  80 cd .  The t u r n  

s i g n a l s  r e q u i r e d  a  h i g h e r  i n t e n s i t y  t h a n  t h e  s t o p  f o r  e q u a l  r a t i n g s ,  

p a r t i c u l a r l y  i n  t h e  s t o p  + t u r n  mode. I n  r e g a r d  t o  d i s c o m f o r t  

g l a r e  from t h e  s i g n a l s ,  r a t i n g s  o f  e x c e s s i v e  d e c r e a s e d  w i t h  i n c r e a s -  

i n g  d i s t a n c e .  There  was a  t endency  f o r  s i g n a l s  o f  sys t em i t o  be  

r a t e d  l e s s  f r e q u e n t l y  a s  e x c e s s i v e  t h a n  sys tems  4 o r  5 .  S i n c e  the 

s t o p  and t u r n  s i g n a l s  o f  sys tems  1 and 4 were t h e  same c o l o r ,  d i f -  

f e r e n c e s  between t h e s e  sys tems  i n  e x c e s s i v e  b r i g h t n e s s  r a t i n g s  

s u g g e s t  t h a t  t h e  s u b j e c t s  were r a t i n g  t h e  s i g n a l s  on b r i g h t n e s s  

i n  an a b s o l u t e  s e n s e ,  b u t  a l s o  i n  t e rms  of  b r i g h t n e s s  n e c e s s a r y  

t o  a d e q u a t e l y  s e e  t h e  s i g n a l .  Thus,  t h e  g r e a t e r  f r equency  of  

e x c e s s i v e  b r i g h t n e s s  r a t i n g s  f o r  s t o p  s i g n a l s  i n  sys t ems  5  and 4 

t h a n  i n  1, i n  which sys tems  t h e  s t o p  s i g n a l s  a r e  t h e  same,prob-  

a b l y  r e f l e c t s  t h e  s u b j e c t s '  judgments t h a t  t h e  s i g n a l s  i n  sys t ems  

5 and 4 were b r i g h t e r  t h a n  n e c e s s a r y ,  i . e . ,  e x c e s s i v e ,  f o r  ade- 

q u a t e  p e r c e p t i o n  a s  s t o p  s i g n a l s .  T h i s  i s  c o n s i d e r e d  t o  b e  due 

t o  t h e  e a s i e r  d i s c r i m i n a t i o n  of  t h e  s i g n a l s  from p r e s e n c e  l i g h t s  

i n  t h o s e  sys tems  a t  n i g h t  due t o  s e p a r a t i o n  of  f u n c t i o n  and c o l o r  

coding .  The e x c e s s i v e  r a t i n g s  made on sys t em 1 probab ly  a r e  t h e  

b e s t  i n d i c a t i o n  of  t h e  e f f e c t s  of  i n t e n s i t y  on d i s c o m f o r t  g l a r e .  

Taking  t h e  d a t a  of s y s t e m l t o  i n d i c a t e  d i s c o m f o r t  g l a r e  e f f e c t s  

and a  c r i t e r i o n  of  n o t  more t h a n  158 e x c e s s i v e  r e s p o n s e s  s u g g e s t s  

t h a t  t h e  s i g n a l s  shou ld  n o t  exceed  185 cd  a t  250 f e e t  n o r  425 cd  

a t  2000 f e e t .  

A n a l y s i s  o f  N igh t  + G l a r e  Tests. The b r i g h t n e s s  r a t i n g s  f o r  

t h e  s t o p  s i g n a l  i n  t h e  n i g h t  + g l a r e  t e s t  a r e  shown i n  F i g u r e  5 .25 ,  

and t h e  r e s u l t s  of  t h e  Newman-Keuls t es t s  a r e  shown i n  T a b l e s  5 .31  

and 5.32.  

No s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  p e r c e n t  of  i n a d e q u a t e  r a t i n g s  

were found i n  each  d i s t a n c e  and s i g n a l  i n t e n s i t y  f o r  d i f f e r e n t  

sys t ems .  Across  s i g n a l  i n t e n s i t i e s  a t  250 f e e t  1000 cd was r a t e d  
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Figure 5 . 2 5 .  Percent inadequate and excessive ratings 
of stop signals in night t glare condition. 



TABLE 5.31. Newman-Keuls Tests of Brightness Ratings for Stop 
Signals in the Night + Glare Condition, Across 
Signal Intensities for Each System-Separation 
and Distance. 

TABLE 5.32. Newman-Keuls Tests of Brightness Ratings for Stop 
Signals in the Night + Glare Condition, Across 
System-Separation for Each Signal Intensity and 
Distance. 

~istance (ft) 

All 

250 
It 

I I 

I I 

I1 

10 0 0 
11 

I1 

2000 
I I 

Signal 
Intensity (cd) 

All 

1000 

185, 4 2 5  

1000 

4 2 5  

1000 

None 

4 2 5  

425,1000 

None 

10 0 0 

Distance (ft) 

All 

250 
I1 

1000 
I I 

2000 
I I 

System(s) 

None 

1 

5 (2") 
!I 

5 (8") 
I I 

1 

5 (2") 

5 (8") 

1, 5(2") 

5 (8") 
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Intensity (cd) 

All 

8 0 

185, 425, 1000 
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1000 
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1000 

Rated Significantly 
More Frequently 

System(s) 

None 

None 

5(211), 5(8") 

None 

5(8") 

None 

5(8") 

Than Signal 
Intensity (cd)  

Inadequate 

Excessive 80, 185, 425 

I I 8 0 
11 80, 185 

11 8 0 
11 80,185 
I I 

I 1 80, 185 

I I 8 0 
I! 

It 80, 185, 4 2 5  

Rated Significantly 
More Frequently 

Inadequate 

Excessive 
11 

I I 

I I 

I! 

1 1 

Than 
Systern(s) 

1 

5 (211) 
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Figure 5.26. Percent of inadequate and excessive ratings 
of turn signals in the night + glare condition. 



s i g n i f i c a n t l y  more o f t e n  t o o  b r i g h t  f o r  a l l  s y s t e m s ,  425 c d  f o r  

5 ( 2 " )  and 5 ( 8 " ) ,  and 185 c d  f o r  5 ( 2 " ) .  A t  1000 f e e t  t h e r e  were 

no s i g n i f i c a n t  d i f f e r e n c e s  f o r  sys t em 1, 425 cd  was more f r e -  

q u e n t l y  r a t e d  t o o  b r i g h t  f o r  5  ( 2 " )  and 5  ( 8 " )  , and 1000 c d  f o r  

5(811) t h a n  lower  i n t e n s i t i e s .  A t  2000 f e e t  o n l y  LOO0 c d  was r a t e d  

t o o  b r i g h t  more o f t e n  t h a n  lower  i n t e n s i t i e s  f o r  sys t em 5 ( 8 " ) .  

The re  were no s i g n i f i c a n t  d i f f e r e n c e s  a c r o s s  s y s t e m - s e p a r a t i o n s  

f o r  80 c d  r e g a r d l e s s  of  d i s t a n c e  o r  a t  185 and 425 cd  a t  1000 and 

2000 f e e t .  Systems 5 ( 2 " )  and 5 ( 8 " )  were more o f t e n  r a t e d  t o o  

b r i g h t  a t  250 f e e t  and 185 ,  425,  and  1000 c d  t h a n  80 c d .  A t  

g r e a t e r  d i s t a n c e s  and 1000 c d ,  s y s t e m  5 ( 8 " )  was r a t e d  t o o  b r i g h t  

more o f t e n  t h a n  lower  i n t e n s i t i e s ,  

For  t u r n  s i g n a l s  t h e  p e r c e n t  i n a d e q u a t e  and e x c e s s i v e  b r i g h t -  

n e s s  r a t i n g s  a r e  shown i n  F i g u r e  5 .26.  

Newman-Keuls r e s u l t s  f o r  t u r n  s i g n a l s  a r e  shown i n  T a b l e s  

5 .33 and 5 .34 .  The re  were no s i g n i f i c a n t  d i f f e r e n c e s  between 

TABLE 5.33.  Newman-Keuls T e s t s  o f  B r i g h t n e s s  R a t i n g s  f o r  Turn 
S i g n a l s  i n  t h e  N igh t  t G l a r e  C o n d i t i o n ,  Across  
S i g n a l  I n t e n s i t i e s  f o r  Each Sys t em-Sepa ra t ion  
and D i s t a n c e .  

Than S i g n a l  
I n t e n s i t y  ( c d )  

80, 185, 425 

8  0  

80, 185, 425 

8 0  

80, 185  

80, 185, 425 

80, 185 

~ i s t a n c e  ( f t )  

A l l  

250 
I I 

I I 

1000 
I I 

I1 

I I 

2000 
I I 

I 1000 1 5(2'9, 5(8") 1 I f  180, 185, 425 

S i g n a l  
I n t e n s i t y  ( c d )  

None 

1000 

425 

1000 

None 

425 

1000 

1000 

1000 

S y s t e m ( s )  

A l l  

1 , 5  ( 8 " )  

5  (2 " )  
I t  

1 I 

1 

1 

5  (8") 

1 

Ra ted  S i g n i f i c a n t l y  
More F r e q u e n t l y  

I n a d e q u a t e  

E x c e s s i v e  
I t 

It 

11 

11 

I t  

I t  

I t  
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Figure 5.27. Percent inadequate and excessive ratings of stop 
signals in stop + turn in the night glare condition. 



TABLE 5.34.  Newman-Keuls T e s t s  o f  B r i g h t n e s s  R a t i n g s  f o r  Turn 
S i g n a l s  P r e s e n t e d  Alone Under t h e  Night  G l a r e  
C o n d i t i o n ,  Across  Sys tem-Separa t ions  f o r  Each 
S i g n a l  I n t e n s i t y  and D i s t a n c e .  

E x c e s s i v e  

s y s t e m s ,  a t  a  g i v e n  i n t e n s i t y ,  i n  i n a d e q u a t e  r a t i n g s .  One thousand 

cd was r a t e d  e x c e s s i v e  f o r  a l l  sys t ems  and d i s t a n c e s ,  e x c e p t  sys t em 

5 ( 2 " )  a t  1000 f e e t .  Four  hundred twenty  f i v e  cd was t o o  b r i g h t  ? o r  

sys tem 5 ( 2 " )  a t  250 f e e t  and sys t em 1 a t  1000 f e e t ,  Across  system- 

s e p a r a t i o n s  a t  250 f e e t  and 1000 cd  sys t ems  5 ( 2 " )  and 5 ( 8 " )  were 

t o o  b r i g h t .  A t  1000 f e e t  and 1000 cd sys t em 5 ( 8 " )  was t o o  b r i g h t .  

There  were no o t h e r  s i g n i f i c a n t  d i f f e r e n c e s .  

For  s t o p  s i g n a l s ,  i n  s t o p  + t u r n  s i g n a l s ,  t h e  p e r c e n t  i nade -  

q u a t e  and e x c e s s i v e  r a t i n g s  a r e  shown i n  F i g u r e  5 .27 ,  and t h e  

Newman-Keuls t e s t  r e s u l t s  i n  T a b l e s  5.35 and 5 .36 .  

No s i g n i f i c a n t  d i f f e r e n c e s  between sys t ems  i n  i n a d e q u a t e  

r a t i n g s  were found f o r  s t o p  s i g n a l s  p r e s e n t e d  w i t h  t u r n  s i g n a l s .  

Across  s i g n a l  i n t e n s i t i e s ,  1000 cd  was t o o  b r i g h t  f o r  a l l  sys t ems  

a t  a l l  d i s t a n c e s .  Four hundred twen ty  f i v e  cd  was t o o  b r i g h t  f o r  

5  ( 2 " )  a t  250 f e e t  and 1000 f e e t  and f o r  5  ( 8 " )  a t  a l l  d i s t a n c e s ,  

One hundred e i g h t y  f i v e  cd was t o o  b r i g h t  f o r  sys t em 5 ( 8 " )  a t  

250 f e e t  and 2000 f e e t .  Across  s y s t e m - s e p a r a t i o n s  a t  250 f e e t  

sys t ems  5 ( 2 " )  and 5  ( 8 " )  were u s u a l l y  t o o  b r i g h t  above 80 cd.  No 



TABLE 5.35. Newman-Keuls Tests of Brightness Ratings for Stop 
Signals, in Stop t Turn Signals, in the Night + 
Glare Condition, Across Signal Intensities for 
Each System-Separation and Distance. 

Intensity (cd) 

Excessive 

TABLE 5 . 3 6 ,  Newman-Keuls Tests of Brightness Ratings for Stop 
Signals, in FJ:3p + Turn Signals, in the Night 
Glare Condition, Across System-Separations for Each 
Signal Intensity and 3istance. 

4 

Excessive 



other significant differences between intensities in systems 

occurred except at 2000 feet where system 5(8") was too bright 

at 1000 cd. 

For turn signals, in stop + turn signals, the percent inade- 
quate and excessive ratings are shown in Figure 5.28. 

The Newman-Keuls tests for turn signals presented with stop 

signals are shown in Tables 5.37 and 5.38. 

TABLE 5.37, Newman-Keuls Tests of Brightness Ratings for Turn 
Signals, in Stop + Turn Signals in the Night Glare 
Condition, Across Signal Intensities for Each 
System-Separation and Distance. 

TABLE 5.38. Newman-Keuls Tests of Brightness Ratings for Turn 
Signals, in Stop + Turn Signals, in the Night 
Glare Condition, Across System-Separations for 
Each Signal Intensity and Distance. 

Than Signal 
Intensity (cd) 

80,185, 425 

Rated Significantly 
More Frequently 

Inadequate 

Excessive 
11 

I I 

Distance (f t) 

All 

All 

System (s) 

All 

1 

5(2"), 5(8") 

All 

Distance (ft) 

All 

250 
I 1  

1000,2000 

Signal 
Intensity (cd) 

None 

None 

1000 

None 

Signal 
Intensity (cd) 

All 

All 

System (s) 

None 

None 

Rated Significantly 
More Frequently 

Inadequate 

Excessive 

Than 
System (s) 
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For t u r n  s i g n a l s  p r e s e n t e d  w i t h  s t o p  s i g n a l s  t h e  o n l y  s i g -  

n i f i c a n t  d i f f e r e n c e  o c c u r r e d  a t  250 f e e t  where 1000 cd  was t o o  

b r i g h t  f o r  sys tems  5 ( 2 " )  and 5 ( 8 " ) .  

Summary o f  R e s u l t s  - Nigh t  + G l a r e  C o n d i t i o n .  For  t h e  s t o p  

s i g n a l s ,  a t  a l m o s t  a l l  d i s t a n c e s ,  80 c d  was c o n s i d e r e d  a d e q u a t e  

i n  i n t e n s i t y ,  p a r t i c u l a r l y  f o r  sys t em 5.  However, a t  2000 f e e t  

185 cd  p r o v i d e d  some improvement. T h i s  i s  a l s o  t r u e  o f  t h e  t u r n  

s i g n a l  p r e s e n t e d  a l o n e .  The t u r n  s i g n a l ,  i n  s t o p  + t u r n  s i g n a l s ,  

a t  2000 f e e t  r e q u i r e d  up t o  425 c d  f o r  sys t em 1, and g r e a t e r  t h a n  

t h i s  f o r  t h e  o t h e r  sys t em,  a l t h o u g h  t h e  d i f f e r e n c e s  were n o t  

s t a t i s t i c a l l y  s i g n i f i c a n t .  I n  most c a s e s  a  c r i t e r i o n  o f  15% 

e x c e s s i v e  r e s p o n s e s  was exceeded  a t  s i g n a l  i n t e n s i t i e s  g r e a t e r  

t h a n  185 cd  f o r  sys t em 1 a t  250 f e e t .  A s  ment ioned b e f o r e  t h e  

e x c e s s i v e  r a t i n g s  on t h i s  sys t em p robab ly  b e s t  show t h e  e f f e c t  of  

d i s c o m f o r t  g l a r e ,  and v a l u e s  o b t a i n e d  f o r  sys t em 1 s h o u l d  b e  used  

t o  measure  t h i s  e f f e c t .  

Summary o f  R e s u l t s  o f  t h e  B r i g h t n e s s  R a t i n g s .  During t h e  

day t h e  f i n d i n g s  i n d i c a t e  t h a t  i n a d e q u a t e  b r i g h t n e s s  r a t i n g s  

d e c r e a s e d  s i g n i f i c a n t l y  u n t i l  i n t e n s i t i e s  o f  up t o  425 c d  were 

used  f o r  s t o p  s i g n a l s ,  a t  250 f e e t .  S i n c e  e a c h  s y s t e m  gave t h e  

i d e n t i c a l  s t o p  s i g n a l  i n  t h e  day t h e  f i n d i n g s  were e x p e c t e d  t o  

b e  t h e  same f o r  e a c h ,  and t h i s  i s  conf i rmed  by t h e  c l o s e  match 

of  t h e  d a t a  shown i n  F i g u r e s  5.17 and 5.19, 

For  t u r n  s i g n a l s ,  i n  t h e  day,.  425 c d  was a l s o  r a t e d  a d e q u a t e  

f o r  r e d  s i g n a l s  b u t  up t o  1000 c d  was c o n s i d e r e d  n e c e s s a r y  f o r  

t h e  amber s i g n a l s .  

G r e a t e r  i n t e n s i t i e s  were judged n e c e s s a r y  f o r  a d e q u a t e  

b r i g h t n e s s  a t  t h e  2000 f e e t  v i ewing  d i s t a n c e .  

The f r equency  o f  e x c e s s i v e  b r i g h t n e s s  r a t i n g s  a t  250 f e e t  

f o r  s i g n a l s  of 425 cd  o r  less were n e g l i g i b l e  i n  t h e  day tes t s .  



The f i n d i n g s  a t  n i g h t  and n i g h t  + g l a r e  d i f f e r  d r a m a t i c a l l y  

i n  terms o f  i n t e n s i t i e s  r a t e d  i n a d e q u a t e  and e x c e s s i v e  from t h o s e  

o b t a i n e d  i n  t h e  day ,  w i t h  s u b s t a n t i a l l y  lower  i n t e n s i t i e s  b e i n g  

a c c e p t a b l y  b r i g h t ,  and w i t h  i n t e n s i t i e s  r a t e d  d e s i r a b l e  i n  t h e  day 

b e i n g  r a t e d  e x c e s s i v e l y  S r i g h t  i n  b o t h  n i g h t  t e s t s .  

D i f f e r e n c e s  between sys t ems  a r e  more e v i d e n t  i n  t h e  n i g h t  

t e s t s ,  w i t h  t h e  c o l o r  coded s y s t m  ( 5 )  p r o v i d i n g  a d e q u a t e  s t o p  

s i g n a l  b r i g h t n e s s  a t  80 c d ,  whereas  185 c d  was g e n e r a l l y  r e q u i r e d  

f o r  t h e  o t h e r  sys t ems .  Turn s i g n a l s  were more o f t e n  r a t e d  a s  

i n a d e q u a t e  a t  80 cd  t h a n  185 c d ,  and up t o  425 c d  f o r  t h e  t u r n  

s i g n a l  was n e c e s s a r y  i n  t h e  s t o p  + t u r n  mode. I n  t h e s e  n i g h t  

t e s t s  t h e  amber t u r n  s i g n a l  was g e n e r a l l y  less o f t e n  r a t e d  

i n a d e q u a t e l y  b r i g h t  compared t o  t h e  e q u i v a l e n t  r e d  t u r n  s i g n a l ,  

i n  c o n t r a s t  t o  t h e  dayt ime f i n d i n g s .  

The e f f e c t  o f  t h e  g l a r e  from t h e  headlamps o f  an  oppos ing  

c a r  upon t h e  i n a d e q u a t e  b r i g h t n e s s  r a t i n g s  was t o  r e q u i r e  a  s m a l l  

i n c r e a s e  i n  s i g n a l  i n t e n s i t y  f o r  e q u i v a l e n t  r a t i n g s  t o  t h e  no- 

g l a r e  c a s e .  

I n a d e q u a t e  b r i g h t n e s s  r a t i n g s  were o n l y  a f f e c t e d  t o  a  s m a l l  

e x t e n t  by t h e  v iewing  d i s t a n c e ,  e x c e p t  i n  t h e  r a t i n g s  o f  t h e  t u r n  

s i g n a l s  i n  t h e  s t o p  + t u r n  mode a t  2000 f e e t  i n  which a t  l e a s t  

4 2 5  cd  was r e q u i r e d  f o r  sys t em 1 and 1000 cd  f o r  t h e  o t h e r  sys tems  

t o  p r o v i d e  adequa te  b r i g h t n e s s .  

A s  i n t e n s i t y  was i n c r e a s e d  t h e  f r equency  of  e x c e s s i v e  b r i g h t -  

n e s s  r a t i n g s  a l s o  i n c r e a s e d ,  though i n v e r s e l y  w i t h  t h e  d i s t a n c e .  

I t  i s  a p p a r e n t  t h a t  " e x c e s s i v e "  r a t i n g s  were i n f l u e n c e d  by g l a r e  

d i s c o m f o r t  and by t h e  b r i g h t n e s s  n e c e s s a r y  t o  c l e a r l y  s e e  t h e  

s i g n a l ,  The l a t t e r  e f f e c t  i s  i n d i c a t e d  by comparing t h e  p e r c e n t a g e  

o f  e x c e s s i v e  r a t i n g s  f o r  t h e  s t o p  s i g n a l  between sys tems  1, 4 and 

5 ,  i n  which t h e  c o n d i t i o n s  a r e  t h e  same, e x c e p t  f o r  t h e  u s e  o f  

f u n c t i o n a l  s e p a r a t i o n  o f  r e d  p r e s e n c e  lamps i n  sys t em 4 ,  and t h e  

u s e  of  g reen -b lue  p r e s e n c e  lamps i n  sys t em 5 ,  s e p a r a t e d  from t h e  



r e d  s t o p  lamps. I f  t h e  e x c e s s i v e  r a t i n g s  were based  on t h e  s i g n a l  

i n t e n s i t y  a l o n e  t h e n  a l l  t h r e e  sys tems  s h o u l d  have produced t h e  

same r a t i n g s .  I t  was found t h a t  sys t em 5 ,  and t o  a  lesser e x t e n t  

sys tem 4 ,  were more o f t e n  r a t e d  e x c e s s i v e  t h a n  sys t em 1 a t  t h e  

same i n t e n s i t y  ( e . g . ,  F i g u r e s  5 .21 ,  5 . 2 5 ) .  The r a t i n g s  on t k o s e  

sys tems  a r e ,  t h e r e f o r e ,  p robab ly  i n f l u e n c e d  by t h e  s u b j e c t s '  

e s t i m a t e s  t h a t  t h e  s i g n a l s  a r e  b r i g h t e r  t h a n  n e c e s s a r y  for ~ G G G  

v i s i b i l i t y ,  due t o  c o n t r a s t  w i t h  t h e  p r e s e n c e  l i g h t s ,  r a t h e r  t h a n  

o n l y  e x c e s s i v e l y  b r i g h t  i n  terms of d i s c o m f o r t  g l a r e .  

For  t h i s  r e a s o n  t h e  r a t i n g s  on sys t em 1 a r e  t a k e n  t o  b e s t  

show t h e  e f f e c t  o f  d i s c o m f o r t  g l a r e ,  which i s  t h e  judgmental  

v a r i a b l e  o f  i n t e r e s t  i n  t h e  p r e s e n t  c o n t e x t .  

The f r equency  of e x c e s s i v e  b r i g h t n e s s  r e s p o n s e s  t ended  t o  

d e c r e a s e  w i t h  i n c r e a s i n g  v iewing  d i s t a n c e ,  and i n  t h e  n i g h t  t 

g l a r e  t e s t  compared t o  t h e  n i g h t  t e s t .  

The Newman-Keuls tes ts  on t h e  e f f e c t  o f  s i g n a l  i n t e n s i t y ,  

f o r  sys t em 1, on t h e  f r equency  o f  e x c e s s i v e  r a t i n g s  show t h a t  

1000 c d  i s  r a t e d  e x c e s s i v e l y  b r i g h t  s i g n i f i c a n t l y  more o f t e n  t h a n  

80 and 185 c d ,  and i n  some i n s t a n c e s  t h a n  425 cd .  No s i g n i f i c a n t  

d e c r e a s e  i n  t h e  f r equency  o f  e x c e s s i v e  r a t i n g s  was n o t e d  f o r  

i n t e n s i t i e s  less t h a n  185 c d  and i n  some tests  ( e , g . ,  T a b l e  5 .24)  

between 80 c d  and 425 cd .  T h i s  s u g g e s t s  t h a t  an upper  l i m i t  on 

i n t e n s i t y  o f  185-425 cd s h o u l d  be  used  t o  c o n t r o l  d i s c o m f o r t  g l a r e ,  

f o r  t h e  red ,  12.6 s q u a r e  i n c h e s ,  lamps used  i n  t h i s  t e s t .  



SIGNAL SYSTEM EFFECTIVENESS RATINGS. 

Results. The ratings made by the subjects of the overall 

effectiveness of each of the systems in presenting signals in the 

day, night, and night + glare conditions, at each of the three 
viewing distances (250 ft, 1000 ft, 2000 ft) were evaluated by 

analyses of variance. Single fbztor analyses of variance were con- 

ducted at each viewing distance in each of the ambient lighting 

conditions. Where the analyses of variance indicated that there 

were significant differences in the ratings for the signaling 

systems, Newman-Keuls tests were conducted to test the differences 

between the mean system ratings (Figure 5.29). 

The results of the Newman-Keuls tests for system ratings made 

in the daytime are shown in Table 5.39. 

TABLE: 5.39. Newman-Keuls Tests of System Effectiveness 
Ratings in the Day Condition. 

More Frequently 

Effective 

The analysis indicates that of the three systems (1, 2, 3) 

which werc used in the daytime tests, system 2 was rated sig- 
r '  

?:. lcantl>- !"ore effective than most other systems in each of the 

three viewing distances. This was true only when the separation 

distance between the stop and the turn signal lamps was eight 

inches, and did not hold when this separation distance was reduced 

to two inches. 





In the nighttime tests, systems 1, 4, and 5 were used. 

Newman-Keuls tests on the mean ratings, at each of the three 

viewing distances, for these systems are shown in Table 5.40. 

At 250 feetsystem 5!8") was rated significantly more effective 

than system 1 and 4(2"!. No significant differences were found 

at 1000 and 2000 feet. 

TABLE 5.40. Newman-Keuls Tests of System Effectiveness 
Ratings in the Night Condition. 

I None 

Effective I 1, 4(2") 
Rated Significantly 
More Frequently 

Table 5.41 shows the Newman-Keuls results for the test conducted 

in the night + glare condition in which systems 1 and 5 were used. 
It was found that system 5(8") was rated significantly more 

effective than system 1 or system 5(2") at 250 feet. There were 

no significant differences between the ratings of systems at 

1000 feet or 2000 feet. 

Than 
System(s) 

TABLE 5.41. Newman-Keuls Tests of System Effectiveness 
Ratings in the Night + Glare Condition. 

Effective 
11 

Xated Significantly 
More Frequently 

Than 
System (s) 



Summary o f  R e s u l t s  o f  E f f e c t i v e n e s s  R a t i n g s .  S u b j e c t s  r a t e d  

t h o s e  sys t ems  more e f f e c t i v e  i n  t h e  day ,  n i g h t ,  and n i g h t  + g l a r e  

c o n d i t i o n s  i n  which s e p a r a t i o n  o f  f u n c t i o n  was employed. I n  t h e  

dayt ime t h e y  c o n s i d e r e d  t h a t  t h e  sys t em which u t i l i z e d  r e d  s t o p  

and r e d  t u r n  s i g n a l s  was more e f f e c t i v e  t h a n  a  sys t em which used  

r e d  s t o p l i g h t s  combined w i t h  amber t u r n  s i g n a l s .  I n  t h e  two n i g h t  

c o n d i t i o n s  t h e  sys t em which used  g r e e n  t a i l l i g h t s ,  amber t u r n  

s i g n a l s  and r e d  s t o p  s i g n a l s  was c o n s i d e r e d  s u p e r i o r  t o  t h e  o t h e r  

sys t ems .  I t  i s  conc luded  t h a t  s e p a r a t i o n  o f  f u n c t i o n  was con- 

s i d e r e d  t o  improve s i g n a l  e f f e c t i v e n e s s ,  b u t  t h e  lamps need t o  be 

s e p a r a t e d  by abou t  e i g h t  i n c h e s  t o  a c h i e v e  c l e a r  demarca t ion  

between t h e  t u r n  and t h e  s t o p  lamps when t h e y  a r e  g iven  s imu l -  

t a n e o u s l y .  The r e d  t u r n  s i g n a l  was c o n s i d e r e d  somewhat more 

e f f e c t i v e  t h a n  t h e  amber t u r n  s i g n a l  i n  t h e  dayt ime.  I n  t h e  n i g h t  

c o n d i t i o n s  t h e  sys t em employing amber t u r n  s i g n a l s  was c o n s i d e r e d  

more e f f e c t i v e  t h a n  t h e  one u s i n g  r e d  t u r n  s i g n a l s .  T h i s  may 

have been  due t o  t h e  p r e f e r e n c e  f o r  t h e  fo rmer  sys t em because  i t  

was a l s o  combined w i t h  g reen -b lue  p r e s e n c e  lamps,  which enhanced 

e f f e c t i v e n e s s  of  e i t h e r  amber t u r n  o r  r e d  s t o p  s i g n a l s ,  compared 

t o  t h e  sys t em which u t i l i z e d  r e d  p r e s e n c e  l i g h t s  whose lamps were 

a l s o  used  t o  p r o v i d e  t h e  t u r n  s i g n a l .  

O v e r a l l ,  t h e  r e s u l t s  i n d i c a t e  t h a t  a  s e p a r a t i o n  between s t o p  

and t u r n  s i g n a l s  s h o u l d  b e  o f  app rox ima te ly  e i g h t  i n c h e s  and t h a t ,  

a l t h o u g h  t h e  amber s i g n a l  i s  less e f f e c t i v e  i n  t h e  dayt ime t h a n  a 

r e d  s i g n a l ,  it  i s  c o n s i d e r e d  e f f e c t i v e  a t  n i g h t  and c o u l d  b e  made 

e q u a l l y  e f f e c t i v e  i n  t h e  dayt ime i f  r e l a t i v e l y  g r e a t e r  i n t e n s i t i e s  

were u s e d ,  as  shown by o t h e r  d a t a  o b t a i n e d  i n  t h i s  t e s t .  



DISCUSSION 

The findings of this study can be discussed in terms of 

the three measures that were taken: signal identification, 

brightness ratings and overall system effectiveness ratings. 

In the daytime tests the a.Sility to correctly identify 

signals decreased sharply as the viewing distance was increased 

between 250 feet and 2000 feet. Ln order to obtain at least 

85% signal identification at 2000 feet, signal intensities some- 

what less than 425 cd would be needed for red stop or turn sig- 

nals, and above 425 cd for amber turn signals (Figure 5.10). 

Identification of the combined stop t turn signals was generally 

poor at 2000 feet, requiring at least 425 cd for system 1, and 

greater turn signal intensities for systems using separation of 

function or color coding. The advantage of 8 inches of edge-to- 

edge lamp separation in the latter systems compared to 2 inches, 

was evident (Figure 5.10). Based on these findings it could be 

recommended that the minimum red signal lamp intensity (for 

lamps 12.6 square inches, as used here) should be 300 cd to pro- 

vide 85th percentile identification of red stop or turn signals 

and above 425 cd for amber turn signals at a viewing distance of 

about 2000 feet. Intensities closer to 425 cd would be needed 

for a similar level of identification of stop + turn signals 
appearing simultaneously for system 1. For systems 4 and 5 *  

increased intensity of the turn signal is needed, up to 1000 cd, 

because this signal was often missed in the stop t turn mode 

(Table 2, Appendix B) while 425 cd is adequate for the stop signal 

in the stop + turn mode at 2000 feet, 

In the night tests the differences between the effective- 

ness of various coding methods became more marked, probably due 

to the addition of the presence signal as an added signal mode 

and the comparable or greater effectiveness of amber turn signals 

than red turn signals. 

"Systems 4 and 5 are the same as systems 2 and 3, respectively, 
in the day (i.e., presence lamps are off). 

220 



One finding was that, with the present, two red lamp system, 

presence lights of 15 cd were confused with stop signals.   his 

was also true, to a lesser extent, with system 4(2"). At 4 cd this 

problem was removed. Since the present standard allows presence 

lamp intensities of 2-15 cd, and since most lamps are in the middle 

of this range (Finch, 1968), it can be expected that confusions 

between presence and stop signals occur. Presence lamp inten- 

sities at the higher end of the range would otherwise be advan- 

tageous to maintain adequate marking in inclement weather. 

The tendency to confuse presence with stop signals was reduced 

by separation of presence and stop lamps by 8 inches (Figure 5.11), 

and was eliminated by color coding of presence and stop lamps. 

A stop signal intensity of 80 cd was adequate for 85% correct 

identification at 2000 feet for systems 4 and 5, with no increased 

benefits due to a separation distance of 8 inches compared to 

2 inches between the presence and stop lamps. System I would 

require at least 185 cd in the no-glare condition and up to 425 cd 

in the night + glare condition for equivalent identification of 
the stop signal, 

A red turn signal, combined with the presence signal (systems 

1 and 4) would require about 185 cd to provide 85% correct iden- 

tification. The equivalent level of identification was achieved 

at 80 cd for the amber turn signal of system 5. 

The identification of stop + turn signals appearing simul- 
taneously was significantly improved by separation of the stop 

and turn signal lamps by 8 inches compared to 2 inches for system 

4, but not system 5. In the night test system 5 provided 

acceptable (85%) stop + turn identification at 80 cd, whereas 
system 1 required 185 cd and system 4 up to 425 cd for equiva- 
lent performance. 



The glare of opposing low beam lamps degraded signal iden- 

tification at 2000 feet in the stop -I- turn mode for system 1, 

but relatively little for system 5. 

Examination of other tables (Appendix B) showing the con- 
. - *  fusions made by subjects, i n a ~ c - L e d  the cause of the low percent 

of correct identifications of t.2 stop + turn mode in the night- 
time tests. It was found that in system 1 the stop signal was 

frequently missed; in system 4 the turn signal was not identi- 

fied adequately, and the same problem appeared in system 5, 

though to a much lesser extent. This suggests that different 

approaches should be taken to improve signal identification in 

the stop + turn mode, and to account for headlamp glare, dependent 
on the system characteristics. System 1 will require stop signals 

of up to 425 cd to become identifiable adequately at 200 feet 

when a turn signal is also given. The turn signal would provide 

adequate performance in this mode at about 185 cd. 

In system 4 it is necessary to alleviate poor turn signal 

conspicuity. Table 3, Appendix BI suggests that performance 

of the system in the stop + turn mode would be improved by using 
stop lamps of not more than 185 cd and turn signals of up to 

425 cd. 

In system 5 the prob7.em could probably be resolved by the 

use of up to 185 cd for the amber turn signals used with 80 cd 

stop signals (Tables 4, 5 ,  Appendix B). 

Since these recommendations for differential stop and turn 

lamp intensities are extrapolated from the data, the systems 

should Se tested in these configurations for purposes of verify- 

ing the values, The recommended minimum intensities to satisfy 

all signal modes, for the lamps in the three systems, based on 

the results of the signal identification test, are summarized 

in Table 5.42. 



TABLE 5.42. Intensities Recommended for Presence, Stop and 
Turn Lamp Based on Signal Identification 
Test Only, for Adequate (85%) Identification 
of All Signal Modes at 2000 Feet. 

The analogous intensities that were necessary for 856 iden- 

tification of presence, stop or turn signals, excluding the 

stop + turn mode, are shown in Table 5.43. The value of 300 cd 

has been extrapolated from the curves, such as shown in Figure 

5.16. 

TABLE 5.43, Intensities Recommended for Presence, Stop and 
Turn Lamps Based on Signal Identification 
Test Only, for Adequate (85%) Signal Identifi- 
cation ( ~ o t  Including Stop +   urn) at 2000 Feet. 

Signal Lamp 

Presence 

Stop 

Turn 

System 

1 

Night Day 
4 - 

300 300 

185 300 

4 I 5 
Night Day 

15 - 
80 300 

185 300 

Night Day 

15 - 
8 0 300 

8 0 4 2 5  



The findings of the brightness ratings, of those signals 

correctly identified, were intended to indicate the percent of 

signals, in a given set of conditions, that were considered to 

be inadequately bright for ease of identification or excessively 

bright for visual comfort. The plots for comparable conditions 

have been arranged so as to p r ~ ~ / ' d . e  a quick view of the manner 

in which inadequate and excessive brightness ratings changed with 

intensity, while other factors were held constant. It is clearly 

shown that as the percent of judgments of inadequate brightness 

decrease there is a growing increase in the frequency of exces- 

sive brightness ratings, particularly in the night tests. This 

was to be expected. 

Interpretati 

cate the effect o 

from system 1, be 

on systems 4 and 

of brightness nec 

discomfort. 

on of the excessive brightness 

f glare discomfort is limited 

!cause, as already mentioned, e 

5 were probably interpreted by 

essary to adequately see the s 

ratings to i 

to the findin 

xcessive rati 

subjects in 

ignals - and gl 

ndi- 

,gs 

rigs 

terms 

are 

During the day, red stop or turn signals were rated inade- 

quate in less than 15% of occasions when intensities of 425 cd 

or greater were used a.t 250 feet, while up to 1000 cd was judged 

necessary for amber turn signals. Intensities greater than these 

were judged necessary for adequate brightness as the viewing 

distance was increased. 

In the n i q h t  and night t glare tests the percent of inade- 

quate brightness ratings was not affected by the viewing distance, 

except for the ratings of turn signals in the stop + turn mode. 
>ystem 5 ~enerally received less than 15% of inadequate bright- 

ness ratings for the stop signal at 80 cd, whereas other systems 

required 185 cd. Turn signals were rated inadequate more often 

at 80 cd than 185 cd. In the stop t turn mode subjects' ratings 



showed t h a t  t h e y  f e l t  g r e a t e r  i n t e n s i t i e s  were needed f o r  t h e  

t u r n  s i g n a l  i n  sys tems 4 and 5 ,  t h a n  t h e  s t o p  s i g n a l ,  and 

i n c r e a s e d  i n t e n s i t i e s  were needed i n  t h i s  mode a t  2000 f e e t  t h a n  

s h o r t e r  d i s t a n c e s  f o r  a l l  sys t ems .  These d a t a  o f  s u b j e c t i v e  

r a t i n g s  o f  i n a d e q u a t e  b r i g h t n e s s  o f  s i g n a l s  show t h a t  i n  t h e  

day s i g n a l s  were p e r c e i v e d  t o  r e q u i r e  a t  l e a s t  425 cd .  A t  ' i gh t ,  

s t o p  and t u r n  s i g n a l s  o f  sys tem 5 were a d e q u a t e  a t  80 cd whereas  

185 cd  was needed f o r  sys tems 1 and 4 .  The need t o  i n c r e a s e  t u r n  

s i g n a l  i n t e n s i t i e s  i n  sys t ems  4 and 5  i n  t h e  s t o p  + t u r n  mode was 

p e r c e i v e d  by t h e  s u b j e c t s .  These s u b j e c t i v e  e v a l u a t i o n s  f o l l o w ,  

q u i t e  c l o s e l y ,  t h e  e f f e c t s  of  s i g n a l  i n t e n s i t y  and sys t em cod ing  

upon s i g n a l  i d e n t i f i c a t i o n  ( T a b l e s  5 .42,  5 . 4 3 ) .  

The d a t a  concerned  w i t h  r a t i n g s  o f  e x c e s s i v e  b r i g h t n e s s  on 

sys tem 1, i n  p a r t i c u l a r ,  can  be  used  t o  a s s i s t  i n  s e t t i n g  maxi- 

mum s i g n a l  i n t e n s i t i e s  t o  r e d u c e  t h e  i n c i d e n c e  o f  d i s c o m f o r t  g l a r e .  

The f i n d i n g s  from t h e  n i g h t  t e s t s  show ( F i g u r e s  5.21-5.28) t h a t  

t h e  p e r c e n t  o f  e x c e s s i v e  b r i g h t n e s s  r e s p o n s e s  i n c r e a s e  w i t h  i n c r e a s e s  

i n  s i g n a l  i n t e n s i t y ,  and d e c r e a s e  w i t h  i n c r e a s i n g  v iewing  d i s t a n c e .  

The p e r c e n t  o f  e x c e s s i v e  r a t i n g s  does  n o t  d e c r e a s e  s i g n i f i -  

c a n t l y  f o r  i n t e n s i t i e s  below 185 cd  and i n  some c a s e s  below 425 e d ,  

a t  t h e  s h o r t e s t  v iewing  d i s t a n c e  (250 f e e t ) ,  f o r  a l l  s i g n a l  modes. 

The i n t e r p o l a t e d  15 p e r c e n t i l e  v a l u e  o f  e x c e s s i v e  b r i g h t n e s s  r a t i n g s ,  

t a k e n  from F i g u r e s  5.21-5.28, f o r  s t o p  and t u r n  s i g n a l s  p r o v i d e d  

t h e  mean v a l u e s  shown i n  T a b l e  5 .44 ,  and i n d i c a t e  maximum i n t e n -  

s i t i e s  o f  abou t  270 cd and 400 cd f o r  s t o p  and t u r n  s i g n a l s ,  r e s p e c -  

t i v e l y ,  viewed a t  250 f e e t .  

TABLE 5.44.  Mean 15 P e r c e n t i l e  I n t e n s i t i e s  ( c d )  Rated 
~ x c e s s i v e l y  B r i g h t  i n  Nigh t  and Nigh t  t G l a r e  
Tests f o r  System 1, a t  250 F e e t .  

I Viewing D i s t a n c e  

Turn 1 400 

S i g n a l  Lamp 

S t o p  

-250 F e e t  

270 



The overall system effectiveness ratings also made in this 

test, showed that the subjects considered systems using separa- 

tion of function as most effective, with 8 inches of inter-lamp 

separation rated as producing greater effectiveness than 2 inches. 

The red turn signal was considered more effective than amber in 

the day. At night system 5(8"; a2peared most effective. 

~evelopment of Lamp Intensi-ky Requirements. The major find- 

ings of the study bear on the intensities needed for good signal 

identification in day and night driving, and low incidence of 

discomfort glare at night. 

Tables 5.42 and 5.43 show that a minimum of 300 cd is 

needed in daytime for 85% identification, at up to 2000 feet, of 

red stop and turn signals, and above 425 cd for amber turn signals. 

At night these intensities would tend to be judged excessively 

bright by about 15% of drivers, except for the red turn signals 

at 300 cd, However, the 15th percentile intensities shown in 

Table 5.44 represent findings obtained at 250 feet. At closer 

viewing distances these values would need to be reduced for the 

same level of glare discomfort. 

In a previous study (Mortimer, 1970) it was found that the 

intensities causing glare discomfort to 15% of drivers at 75 feet 

were 0.56 of the intensities causing glare discomfort to 15% of 

drivers at 275 feet, 

A criterion distance of 75 feet for glare discomfort appears 

reasonable since much driving on rural roads and expressways is 

carried out at such inter-vehicle spacings, and much shorter 

,distance headways are common on city streets and expressways. 

Therefore, the intensities giving rise to 15% excessive 

brightness ratings at 250 feet in this test were multiplied by 

a factor of 0.62 (i.e., 275/250 x 0.56) to estimate the intensi- 

ties causing the same level of glare discomfort at 75 feet. The 

resulting values are shown in Table 5.45. 



TABLE 5 .45 .  I n t e n s i t i e s  ( c d )  o f  1 5 t h  P e r c e n t i l e  
E x c e s s i v e  B r i g h t n e s s  R a t i n g s  i n  N i g h t ,  
and Nigh t  + G l a r e  T e s t s  f o r  System 1, 
a t  75 F e e t .  

S i g n a l  Lamp 

- 

Viewing D i s t a n c e  
- 75 '  

S t o p  

Turn 1 245 

'F'rom F i g u r e  2 . 6 ,  (Mort imer ,  1970)  

Based on t h i s  a n a l y s i s ,  t h e  maximum n i g h t t i m e  i n t e n s i t y  

d e s i r a b l e  f o r  r e d  s t o p  and t u r n  s i g n a l  l amps ,  12.6 s q u a r e  i n c h e s  

i n  a r e a ,  i s  abou t  170 and 245  c d ,  r e s p e c t i v e l y .  The p r e v i o u s  

s t u d y  (Mort imer ,  1 9 7 0 ) ,  u s i n g  o n l y  s t e a d y - b u r n i n g  lamps,  sug-  

g e s t e d  a  maximum i n t e n s i t y  of  abou t  190 cd  f o r  t h e  same lamp 

a r e a ,  c o l o r  and v iewing  d i s t a n c e . '  T h i s  v a l u e  (190 cd) i s  c l o s e  

t o  t h a t  (170 c d )  o b t a i n e d  i n  t h i s  t e s t  and a n a l y s i s .  

Fu r the rmore ,  t h e  dayt ime minimum, r e d ,  s t o p  s i g n a l  i n t e n -  

s i t y  of  300 cd found i n  t h i s  t e s t  (Tab le  5 .43)  i s  t h e  same 

v a l u e  r e p o r t e d  i n  t h e  p r e v i o u s  s t u d y ;  and t h e  minimum dayt ime amber 

t u r n  s i g n a l  i n t e n s i t y  of  425 cd  found i n  t h i s  s t u d y  i s  t h e  same 

v a l u e  a s  r e p o r t e d  f o r  an  amber s i g n a l  i n  t h e  p r e v i o u s  s t u d y ,  

The e x t e n t  o f  t h e  agreement  between t h e  two s t u d i e s  i s  good. 

T h e r e f o r e ,  it i s  recommended t h a t  t h e  v a l u e s  r e p o r t e d  i n  t h e  

p r e v i o u s  s t u d y  f o r  lamps of  v a r i o u s  a r e a s  can b e  used  f o r  t h e  

maximum n i g h t  i n t e n s i t i e s  and t h e  minimum day i n t e n s i t i e s  f o r  

s t o p  s i g n a l s ,  and minimum dayt ime i n t e n s i t i e s  f o r  t u r n  s i g n a l s .  

An i n t e r e s t i n g  f i n d i n g  o f  t h i s  s t u d y  s u g g e s t s  t h a t  t u r n  

s i g n a l s  can  be  1 . 5  times t h e  i n t e n s i t y  o f  s t o p  s i g n a l s  f o r  equ iva -  

l e n t  n i g h t  g l a r e  d i s c o m f o r t  (Tab le  5 . 4 4 ) .  T h i s  f i n d i n g  a t  250 

f e e t  i s  c o r r o b o r a t e d  by t h e  mean r a t i o  o f  1 . 4  found a t  t h e  2000- 

f o o t  v iewing  d i s t a n c e .  The maximum n i g h t t i m e  t u r n  s i g n a l  i n t e n -  

'see F i g u r e s  1-3, Appendix C.  
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sities can, therefore, be taken as 1.5 times the maximum allow- 

able night intensities (NmX)  shown in Figures 1-3, Appendix C, 

for red, azber and green-blue, steadyaburning lamps. 

The minimum nighftine signal intensities are dependent on 

the values needed for adequate sLgnal identification for the 

different systems, as shown ix T;,.51e 5.43. 

The intensities that would be recommended, for lamps of 

12.6 square inches for each of the three basic systems used in 

these tests, and meeting the criteria for 85% signal identifica- 

tion at 2000 feet,and 15% glare discomfort at 75 feet are shown 

in Table 5.46. 

TABLE 5.46. Intensities of 12.6 Square Inch Lamps Required to 
Meet 85% S'gnal identificationi and 15% Glare 
Discorx$ort3 Criteria, 

Signal Lamp 

Presence 

300-190 300 80-190 300 80-190 300 

Turn 80-320 425 

1 Criterion for setting minimum day and night intensity. 

'criterion for setting maximum night intensity. 

It will be noted that system 1 requires 300 cd for 85% stop 

signal identification at night, which exceeds the maximum of 

190 cd to control discomfort glare. Thus, stop signal identifica- 



t i o n  w i l l  have t o  be  compromised t o  r e d u c e  s i g n a l  i d e n t i f i c a t i o n  

o r  t o  c a u s e  e x c e s s i v e  g l a r e .  The t u r n  s i g n a l  r e q u i r e s  i n t e n s i t i e s  

of 185-285 cd .  I n  t h e  d a y t i m e , i n t e n s i t i e s  f o r  s t o p  and t u r n  

lamps of  300 cd  o r  g r e a t e r  a r e  needed.  

System 4 ,  u s i n g  r e d  s t o p  lamps s e p a r a t e d  from corrbined r e d  

p r e s e n c e  and t u r n  lamps ,  r e q u i r e s  i n t e n s i t i e s  o f  80-190 cd  f o r  

s t o p  lamps,  and 185-285 f o r  t u r n  lamps a t  n i g h t .  I n  t h e  d a y t i n t e n -  

s i t i e s  of 300 cd  a r e  needed f o r  s t o p  and t u r n  lamps.  

System 5 ,  u s i n g  r e d  s t o p  lamps ,  amber t u r n  lamps and g reen -  

b l u e  p r e s e n c e  lamps,  r e q u i r e s  80-190 cd  f o r  s t o p  lamps and 80-320 

cd f o r  t u r n  lamps a t  n i g h t .  I n  t h e  d a y ,  i n t e n s i t i e s  o f  300 cd a r e  

needed f o r  s t o p  lamps and 425 cd f o r  t u r n  lamps.  

P r e s e n c e  lamp i n t e n s i t i e s  o f  4-15 c d  a r e  recommended. 

I t  i s  conc luded  t h a t  sy s t em c o d i n g  must be  t a k e n  i n t o  

a c c o u n t  i n  o r d e r  t o  d e t e r m i n e  t h e  i n t e n s i t i e s  r e q u i r e d  f o r  s i g n a l  

lamps i n  t h e  day and a t  n i g h t .  The i n t e n s i t y  r a n g e s  t h a t  c an  be  

used  a r e  d i f f e r e n t  i n  t h e  day and a t  n i g h t ,  and a r e  dependen t  on 

t h e  s i g n a l  mode ( s t e a d y - b u r n i n g  o r  f l a s h i n g ) ,  c o l o r ,  a r e a ,  i n t e r -  

lamp s e p a r a t i o n  d i s t a n c e  and f u n c t i o n a l  s e p a r a t i o n ,  

Fo r  t h e s e  r e a s o n s  t h e  p r e s e n t  s t a n d a r d ,  ba sed  on SAE J-575d,  

s h o u l d  be  r e v i s e d  t o  improve r e a r  s i g n a l  s y s t e m  e f f e c t i v e n e s s .  

Derivation of  I n t e n s i t y  Requi rements .  The i n t e n s i t i e s  needed 

f o r  p r e s e n c e ,  s t o p  and t u r n  s i g n a l  lamps can  b e  d e r i v e d  by t h e  

f o l l o w i n g  p r o c e d u r e :  

1. P r e s e n c e  lamps: 4-15 cd 

2 .  Niqht  Minimum ( N 1 4 ~ ~ )  S t o p  o r  Tu rn :  

a) Determine t h e  sys t em t y p e  ( e . g . ,  1, 4 o r  5 ) .  

b )  F ind  i n t e n s i t y  ( I )  f o r  12 .6  s q .  i n c h  lamp from Tab le  5.46 

f o r  t h a t  sy s t em t y p e .  



c) Modify value found in (b) by multiplying by the 

intensity ratio, R, where: 

Y MI N Candlepower Required for Lamp of Area A (Fiqures 1-2 Appendix C) 
R = - .  

N ~ a ~  Candlepower -.?quired for Lamp of 12.6 
Inches (F igu r?s  1-3, Appendix C) 

A = The area of the lamp whose intensity is 
being determined. 

Then, N NIN ' for lamp of area A = R x I candelas. 

) 3. Niqht Maximum (NMAX , for Stop: 
Use KmX, Figures 1-3, Appendix C, for lamp of 

area A, candelas. 

1 4 .  Night Maximum ( N M A ~  , for Turn: 

Use NmX (Stop) x 1.5, candelas. 

1 5. Day Minimum (DMA~ , for Stop or Turn,: 

Use D ~ ~ ~ t  
Figures 1-3, Appendix C, for lamp of 

area A, candeli = .  



6 .  DEVELOPMENT OF COLORED FILTER CHARACTERISTICS 
FOR REAR LIGHTING SYSTEMS BASED ON COLOR DIS- 
CRIMINATION AND IDENTIFICATION OF NORMAL AND 
COLOR-BLIND DRIVERS. 

A t  p r e s e n t  t h e  p r i n c i p a l  t e c h n i q u e s  of l i g h t  cod ing  i n  

r e a r  l i g h t i n g  sys tems  a r e  l i g h t s  which f l a s h  and l i g h t s  which 

change i n  i n t e n s i t y .  For  t h e  most p a r t  c o l o r  cod ing  i s  z ~ ' ~  5526 

i n  such sys tems .  However, p s y c h o l o g i c a l  r e s e a r c h  h a s  shown 

t h a t  t h e  a t t e n t i o n - g e t t i n g  and i n f o r m a t i o n a l  v a l u e s  of  v i s u a l  

d i s p l a y s  can be enhanced by t h e  a p p r o p r i a t e  u s e  of c o l o r  cod ing .  

Fur thermore ,  r e s e a r c h  (Mort imer ,  1969; 1 9 7 0 )  h a s  shown t h a t  

d r i v e r s  have s h o r t e r  r e a c t i o n  times and make fewer  m i s t a k e s  

when i n t e r p r e t i n g  t h e  meanings of  s i g n a l s  i f  c o l o r  cod ing  i s  

used i n  r e a r  l i g h t i n g  sys tems .  Co lo r  cod ing  i s ,  t h e r e f o r e ,  

a  u s e f u l  way t o  i n p r o v e  v e h i c l e  r e a r  l i g h t i n g  and improve 

highway s a f e t y .  

I n  o r d e r  t o  maxirnize t h e  c o n t r i b u t i o n  of c o l o r  cod ing  t o  

a  r e a r  l i g h t i n g  sys tem,  t h e  s e t  of c o l o r s  chosen must s a t i s f y  

many r e q u i r e m e n t s .  From a  p s y c h o l o g i c a l  v i e w p o i n t  t h e  c o l o r s  

must  have a t  l e a s t  t h e  f o l l o w i n g  two p r o p e r t i e s :  (1) when 

two of t h e s e  c o l o r s  a r e  s i m u l t a n e o u s l y  p r e s e n t e d  t h e y  must n o t  

be  confused  w i t h  each  o t h e r ,  and ( 2 )  when one  c o l o r  i s  p r e s e n t e d  

by i t s e l f  i t  must be  r e a d i l y  r ecogn ized  a s  which c o l o r  o f  t h e  

s e t  it i s .  I n  a d d i t i o n ,  it i s  h i g h l y  d e s i r a b l e  t h a t  t h e  c o l o r s  

r e t a i n  t h e s e  p r o p e r t i e s  when viewed by c o l o r - b l i n d  d r i v e r s .  

The aim of tllis s t u d y  i s  t o  f i n d  a  se t  of t h r e e  c o l o r s  

( p l u s  w h i t e )  wnicll w i l l  s a t i s f y  t h e  above c r i t e r i a .  I n  p u r s u i t  

of t h i s  g o a l  two expe r imen t s  were conduc ted .  The p i l o t  s t u d y  

was d i r e c t e d  a t  e s t a b l i s h i n g  t h e  needed e x p e r i m e n t a l  p r o c e d u r e s  

and a t  f i n a l i z i n g  t h e  equipment  d e s i g n .  The main s t u d y  i n c o r -  

p o r a t e d  t h e  knowledge ga ined  from t h e  p i l o t  s t u d y  t o  ex t end  and 



broaden the research, in order that colored filters for use in 

vehicle rear lighting systems can be selected that can be readily 

identified and are not confused with each other or with the white 

lights of approaching vehicles at night. 

BACKGROUND 

COLOR SPECIFICATION. The c/:ior of light is a function of 

its spectral composition and of the spectral sensitivities of the 

human eye. That is, color is a psychophysical concept associated 

both with radiant energy and with sensation. 

Any color can be specified in terms of three psychophysical 

variables--luminance, dominant wavelength and purity. Luminance 

is analogous to the sensation of brightness. Dominant wave- 

length is analogous to the sensation of hue and is the property 

of color which makes it red, blue, etc. Purity is the counter- 

part of the sensation of saturation. It refers to the propor- 

tion of a color attributable to its dominant wavelength. For 

example, blue and powder blue can result from the same dominant 

wavelength but different purities. By taking the blue dominant 

wavelength and mixing it with white light, the proportion of the 

dominant wavelength in the mixture is reduced and a less pure 

form of blue is obtained, i.e., powder blue. 

Another frequently used term is chromaticity. Its sensation 

counterpart is chromacticness, and it refers to the combination 

of dominant wavelength and purity in a color without regard to 

its luminance. Thus a color can also be specified by its chroma- 

ticity and luminance. 

Chromaticity Diagrams. It is a principle in color vision 

that any given color can be matched by an additive mixture of 

three suitably chosen primary colors.  he primary colors are 
suitably chosen if: (1) there exists an additive mixture 



of the three which results in white, and (2) no one of the 

three can be matched by an additive mixture of the other two.) 

This principle is the basis for an experimental technique known 

as tristimulus color matching. 

The tristimulus color matching technique requires an 

observer to simultaneously view a target color and a matching 

color while adjusting the matching color until it appears iaenti- 

cal to the target. The matching stimulus is produced by com- 

bining the light from three primary colors chosen as above. 

Adjustments to the color of the matching stimulus are made by 

individually adjusting the luminance of each primary color in 

the mixture. When a match is achieved the luminance of primary 

one (Pl) , the luminance of primary two (P2), and the luminance 
of primary three (P3) are recorded. The values of P1, P2 and 

P3 are known as the tristimulus values for that target color. 

A new target color is selected and the procedure is repeated 

to obtain tristimulus values for the new color. By this method 

all colors can be expressed in terms of tristirnulus values, 

though these values would change if a new set of three primaries 

were selected to forrn the matching stimulus. 

Tristimulus values, in turn, form the basis for generating 

chromaticity diagrams. A chromaticity coordinate is defined 

as the ratio of one tristimulus value divided by the sum of 

all three tristimulus values. Thus, from the above discussion: 

Chromaticity coordinate 1 = 
P1 

= C1 
P1 + P2 + P3 

Chromaticity coordinate 2 = 
P2 = c2 

P1 + P2 + P3 

Chromaticity coordinate 3 = 
P3 

= C3 



Notice that the ratios which define C1, C2 and C 3  have luminance 

units in both their numerators and denorninators. Therefore, 

the chromaticity coordinates are not themselves luminances, 

they are dimensionless ratios. However, since each color has 

a particular conbination of dominant wavelength and purity 

associated with its lumina::ce, ::,:-dering colors according to their 

chromaticity coordinates is equi7,dlent to ordering them by their 

combinations of dominant wavelength and purity without regard 

to their respective luminances. In other words, it is equiva- 

lent to ordering colors according to their chromaticity, hence 

the name chromaticity coordinates. 

Another important aspect of chromaticity coordinates is 

that they sum to one, i.e., C1 t C2 t C3 = 1. Therefore, know- 

ing any two of the three cllromaticity coordinates completely 

specifies the chromaticity of a color. Thus, one can plot on 

ordinary graph paper a chromaticity diagram. In such a diagram 

the x-axis would represent the value of one chromaticity coor- 

dinate and the y-axis would be the value of another chromaticity 

coordinate. (Since the value of the third chromaticity coor- 

dinate is easily determined from the other two, it need not 

be plotted.) 

In a chromaticity diagram generated in this fashion the 

values on the axes range from -1 through 0 to tl. Any point 

on such a diagram would represent the set of all colors having 

the same chromaticity but differing in luminance. The location 

of the point on the diagram would indicate the chromaticity of 

that set 05 colors. 

The CIE Chromaticity Diagram. Prior to 1931 the CIE 

(Commission Internationale de 1'Eclairage - International 
Commission on Illumination! developed a chromaticity diagram 

for all real colors by using the tristimulus color matching 

technique. The three primary colors which were combined to 



produce the matching color were defined as foilows: (1) pure 

red with wavelength of 700 nm, (2) pure green with wavelength 

of 546.1 nm, and (3) pure blue with wavelength of 435.8 nm 

(1 nm = 1 nanometer = 1 millimicron). This system, known as 

the RGB System, had certain inherent difficulties. For example, 

researchers began to think of color perception as involving 

a red receptor, a green receptor and a blue receptor (which 

is not necessarily the case) because of the three primaries 

used to develop the chromaticity diagram. Another problem 

was that many of the chromaticity coordinates had negative 

values which greatly complicated computations in the system. 

(A negative chromaticity coordinate means that one of the 

primary colors was added to the target stimulus instead of 

the matching stimulus in order to obtain a match. Adding to 

the target stimulus is the same as subtracting from the matching 

stimulus, hence a negative tristimulus value and a negative 

chromaticity coordinate.) 

For these reasons, in 1931 the CIE defined a procedure 

to mathematically transform the RGB System into a new one known 

as the XYZ System, which is currently used in colorimetric 

research. In this system X, Y, and Z are not associated with 

any particular real colors, In fact, X, Y, and Z represent 

tristimulus values based on imaginary primary colors which 

cannot be obtained in the real world. (The XYZ System is 

mathematically real, however, and has a one-to-one correspon- 

dence with the real world RGB System.) One of the RGB System's 

problems is thus avoided, since one would have to think in 

terms of an imaginary X receptor, Y receptor, or Z receptor 

as a means of explaining color perception. 

Chromaticity coordinates in this system are called XI Yr 

and 2 .  As before, x + Y + = 1, but these have the aaditional 

property that they never take on negative values for a real 

color. Thus, the KGB System's other problem is avoided. 



The 1931 CIE Chromaticity Diagram based on the XYZ System 

is shown in Figure 6.1, which is based on work by K.L. ~clly, 

as reported by Sheppard (1966). 

Figure 6.1. CIS chromaticity diagram with 
names for color regions added. 

All re?.l colors have chromaticities contained within the 

1:-i-zngular area obtained when plotting x against y as shown in 

the figure. Pure spectrum colors are located at the border of 

the triangular area. The numbers around the border of the 

triangular area in the figure indicate the wavelength (in 

nanometers) of the spectral color located at that point of 



the border. The diagram indicates the names commonly used to 

describe colors whose chromaticities fall within the delineated 

regions. (The color names are not part of the CIE System.) 

Along the bottom of the real color area are found the 

red-blue combinations. These are not pure spectrum colors, 

rather they are colors obtained by mixtures of two spectral 

colors. Accordingly, no wavelength designations appear along 

this line. 

The region in the center of the diagram labeled W shows 

the chromaticity locations of white. The purity of a color 

is indicated by how close its chromaticity is to the white 

region or to the border of the diagram. 

In summary, a change in the dominant wavelength of a color 

is analogous to a movement along the border of the real color 

area of the chromaticity diagram. A change in the purity of a 

color is analogous to a movement toward or away from the white 

region. A change in the luminance of a color is not reflected 

in the chromaticity diagram, since each point on the diagram 

represents all colors of the same chromaticity but differing 

in luminance. 

Figure 6.2, shows the locations of color as defined by 

certain standards. In the diagram the regions labeled SAE Red, 

Yellow, and White are defined by specifications SAE J578a. Any 

color whose cllromaticity point falls within one of these boun- 

daries is red, yellow or white, whichever is applicable, by SAE 

aefinition. Also shown are two types of green and a blue as 

defined by the United States Standard for the Colors of Signal 

Lights (Breckenridge, 1964). The point in the diagram marked 

E is for reference. It is the chromaticity location of the 

color seen when the eye is presented with equal energy at all 

visible wavelengths. It is a white and is known as the equal 

energy point. The cllromaticity coordinates for E are x = 

y = z = 1/3. 
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Figure 6 . 2 .  Some s t a n d a r d  co lors  on the CIE chromaticity diagram. 



TYPES OF COLOR BLINDNESS, A person who has full color vision 

is called a trichromat, because three primary colors are required 

in a mixture to match all the colors he can see. A dichromat, on 

the other hand, requires only two primary colors in a mixture to 

match all the colors he can perceive. Finally, a monochromat 

(totally color-blind) can match all the colors he can see by 

adjusting the luminance of a single primary. 

There are three types of dichromats--protanopes, deuteran- 

opes and tritanopes. Protanopes and deuteranopes confuse reds 

with greens and are described as having "red-green color blind- 

ness." Tritanopes confuse reddish-blues with yellowish-greens 

and are described as having "yellow-blue color blindness." 

Corresponding to the categories of dichromats, there are 

three categories of anomalous trichromatic vision. These trichro- 

mats have color weaknesses and show some of the characteristics 

of dichromatic vision. The categories are protanomalous, deuter- 

anomalous and tritanomalous trichromatic vision. 

The frequency of occurrence of each type of color-defective 

vision in the total population is shown in Table 6.1. 

TABLE 6.1. Distribution of Color Defective 
Vision in the Population (Legrand, 1957). 

Type of Color Defect l=-&%hr 
Trichromats 

Protanomalous 
Deuteranomalous 
Tritanomalous 

Dichromats 
Protanope 
Deuteranope 
Tritanope 

Monochromats 



PILOT STUDY 

EQUIPLQNT. Essentially the same equipment was used for the 

pilot study and for the main study. For this reason, a detailed 

description of the equipment used in both studies is presented 

here with the differences betwe,:? the two studies noted. 

Color stimuli were presents,: by means of a dual-path mono- 

chromator. This instrument is composed of two single monochro- 

mators which operate independently of each other and are placed 

such that the outputs of each are focused on the same ground glass 

screen to form two separate areas of colored light, In the pilot 

study, these two areas were rectangular, 1/8 in. x 7/8 in. each, 

being separated by 1/4 in. In the main study these areas were 

rounded/rectangular, 1/8 in, x 3/8 in. each, being separated by 

1/4 in. The two monochromators share a common projector lamp as 

the input source for monochromatic light; but they each have 

their own miniature lamp as the source for white desaturating 

(purity reducing) light. The optical system for one of the mono- 

chromators is shown in Figure 6.3. 

As shown in Figure 6.3, white light from the projector lamp 

(General Electric Co., Type CPR) is reflected by a mirror and 

passed through two masks, a lens, a neutral density wedge, and a 

neutral density filter before entering the Farrand No. 132106, 

Foci-Flex monoehromator. The lens position is adjustable and is 

used to focus the white light at the entrance slit of the Farrand 

monochromator. The neutral density wedge and filter are used to 

vary the intensity of the entering light. A lead screw, operated 

from outside the dual-path monochromator enclosure, positions the 

nextral density wedge, while neutral density filters may be 

removed or replaced through an opening in the enclosure. (No 

neutral density filters were used in either the pilot study or 

the main study, as the intensity range provided by the wedge 

alone was sufficient.) 
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Inside the Farrand Monochromator the light is reflected from 

a collimating mirror onto the reflective grating. The dispersed 

beam is directed onto the other collimating mirror and focused at 

the exit slit. By adjusting the angular position of the grating 

with a knob external to the enclosure, a pure color of the desired 

wavelength is obtained at the evit slit. The monochromator is 

specified to have a range of 211-800 nm and has about 2 8 , 0 0 0  

grating lines per inch. Both the entrance and exit slits may be 

changed to produce desired bandwidths from 2 . 0 - 2 0 . 0  nm. 

From the exit slit, the pure-color light passes through 

another lens, is reflected off a beam splitter and a mirror, 

passes a shutter, and finally comes to a focus on the ground 

glass viewing screen. The position of the lens at the exit slit 

is adjustable and is used to focus the light at the viewing screen. 

The beam splitter is actually used as a beam combiner and is the 

means by which white desaturating light is mixed with the pure 

monochromatic light. The shutter is electromagnetically operated 

by means of a solenoid. 

Desaturating white light from the miniature lamp (Chicago 

Miniature Co., Type CM-20) passes through a dispersing lens on 

the end of the bulb, two color-temperature correcting filters, 

and a ground glass diffuser before entering the beam splitter, 

where it is mixed with t!d mor~ochromatic light. Color-temperature 

correcting filters were not used in the pilot study, but two were 

used in each light path for the main study. One light path had 

two Kodak Wratten, Type 80C filters and the other light path had 

on? Kodak Wratten, Type 80B and one Type 82A.  These filters were 

-2se6 to b r i n g  the color temperature of the light from the CM-20 

lamps up to the color temperature of a white standard, known as 

CIE Source A. The Shutter, shown between the filters and the 

ground glass diffuser, is manually operated. It was not used in 

the pilot study, since no pure colors were presented to the subjects. 



The assembly which houses the CM-20 lamp and its color- 

temperature correcting filters is mounted on a slider arm per- 

pendicular to the dual-path monochromator enclosure wall (Fig- 

ure 6.4). The percentage of desaturating white light mixed with 

the pure monochromatic light is varied by moving the CM-20 lamp 

assembly back and forth along the slider arm, with the manua l  

shutter in place when zero percent is desired. 

Aside from the desaturating light and slider arm zssemblies, 

the Farrand monochromators and their optical system components 

are mounted in an enclosure which contains internal baffles to 

minimize external light interference and to minimize dilution 

and mixing of the two light beams. 

The power supply for the projector lamp (operated at a con- 

stant 5.9 vdc in both studies) and the electronic control circuits 

for the dual-path monochromator (Figure 6.5) are housed in a 

separate unit. These control circuits operate the electromag- 

netic shutters and allow the color stimuli to be presented for 

variable time periods either simultaneously or consecutively with 

a variable delay period interspersed as desired. 

In a pilot study the CM-20 lamps were operated at a constant 

2.5 vdc by means of a Variac which stepped down llOv wall current. 

This power supply required constant adjustment, however, to main- 

tain constant voltage at the lamp filaments. Therefore, in the 

main study the CM-20 lamps were powered by a 12v car battery and 

1/2 amp charger in parallel. For any experimental run the voltage 

across these lamps was constant, but over the entire experiment 

it varied from 2.4 to 2.5 vdc in order to maintain the desired 

color temperature as the filaments aged. (The CM-20 lamps were 

wired in parallel in both studies.) 

A digital voltmeter is also part of the equipment and 

allows monitoring of the voltages of all the lamps. In addition, 

periodic calibration and check of the dual-path monochromator 

is accomplished with a Pritchard photometer, Model No. 1970-PR, 



Figure 6.4.  The dual-path monochromator, showing the slider arms supporting the 
desaturating source, neutral density wedge and wavelength controls. 





In terms of the CIE Chromaticity Diagram (Figure 6.1), 

dual-path monochromator generates colors as follows: (1) a point 
on the border of the real color area is selected by setting the 

Farrand monochromator grating to the desired wavelength, and 

(2) movement from the border point toward the central white region 

is accomplished by sliding the nfniature white light closer to the 

beam splitter, thereby increasing the proportion of white in the 

mixture and thus decreasing the purity. 

SUBJECTS. Six subjects were used in the pilot study. All 

were tested with the Dvoring Psuedo-Isochromatic Plates (Dvorine, 

1953) resulting in five classifications of "normal" color vision 

and one classification of "severe protanoid." All six subjects 

were males with ages ranging from 23 to 33. 

METHOD. 

Stimulus Selection. All colors used in the pilot study were 

at a luminance of 0.1 ft-L. Figure 6.6 shows these colors on 

the CIE Chromaticity Diagram. The point Wo in Figure 6.6 is 

not a color shown to the subjects. It is the chromaticity of the 

white CM-20 miniature lights as measured at the bulb (color tem- 

perature=2260°K, coordinates: x=.499, y=.415). 

~eferring to Figure 6.6, stimuli Gll through G14 were 

selected by the following ?recess: 

1. The prue spectrum color at 484 nm was chosen as the 

dominant wavelength. 

2. A straight line was drawn from this point to the Wo 

p c i n t  on the Chromaticity Diagram (see dashed line in Figure 6.6). 

3 .  Point Gll was chosen as the color whose dominant wave- 

length is 484 nm and whose purity (with respect to Wo) is . 7 5 .  

4. Point G14 was chosen as the color whose dominant wave- 

length is 484 nm and which falls just within the SAE white region. 

5. Points G12 and G13 were chosen to be equally distributed 

between G14 and Gll. 



Figure 6.6. Pilot s tudy  stimuli on t h e  CIE chromaticity diagram. 



The r e a s o n  t h e s e  f o u r  p o i n t s  l i e  on t h e  same s t r a i g h t  l i n e  h a s  

t o  do w i t h  t h e  d e f i n i t i o n  o f  p u r i t y .  A s  used  i n  t h e  p r e s e n t  

p a p e r ,  p u r i t y  means " e x c i t a t i o n  p u r i t y . "  The e x c i t a t i o n  p u r i t y  

o f  a  sample c o l o r  i s  a lways  s p e c i f i e d  w i t h  r e s p e c t  t o  a  p a r t i c u -  

l a r  " r e f e r e n c e  w h i t e . "  The way t o  d e t e r m i n e  e x c i t a t i o n  p u r i t y  

f o r  t h e  sample  c o l o r  on t h e  Chrb, , - ta t ic i ty  Diagram i s  t o  draw a  

s t r a i g h t  l i n e  from t h e  r e f e r e n c e  w h i t e  p o i n t  t h rough  t h e  sample 

c o l o r  p o i n t  t o  t h e  b o r d e r  o f  t h e  r e a l  c o l o r  a r e a .  The p o i n t  

where t h i s  l i n e  i n t e r s e c t s  t h e  b o r d e r  g i v e s  t h e  dominant  wave- 

l e n g t h  of  t h e  sample  c o l o r .  The p u r i t y  i s  t h e  r a t i o  of  t h e  d i s -  

t a n c e  ( a l o n g  t h i s  l i n e )  between t h e  w h i t e  p o i n t  and t h e  sample 

p o i n t  d i v i d e d  by t h e  d i s t a n c e  between t h e  w h i t e  p o i n t  and t h e  

b o r d e r .  Thus ,  t o  s a y  t h a t  Gll  h a s  a  p u r i t y  of  .75  w i t h  r e s p e c t  

t o  Wo i s  t o  s a y  t h a t  t h e  d i s t a n c e  between Wo and Gll  i s  75% o f  

t h e  d i s t a n c e  between Wo and  t h e  b o r d e r  a l o n g  t h e  s t r a i g h t  l i n e  

t h r o u g h  Wo and Gll .  I n  o t h e r  words ,  G l l ,  G12, G13 and  G l 4  a r e  

c o l o r s  of  t h e  same dominant  wavelength  (484 nm), b u t  o f  d i f f e r -  

e n t  p u r i t i e s  w i t h  r e s p e c t  t o  Wo. 

By u s i n g  v a r i o u s  dominant  wave leng ths  and p u r i t i e s ,  t h e  

r ema in ing  s t i m u l i  were chosen  th rough  e s s e n t i a l l y  t h e  same pro-  

cess. T a b l e  6 . 2  shows t h e  s t i m u l u s  code name, dominant wave- 

l e n g t h ,  e x c i t a t i o n  p u r i t y ,  and  c h r o m a t i c i t y  c o o r d i n a t e s  f o r  e a c h  

s t i m u l u s  c o l o r  p l o t t e d  i n  F i g u r e  6 . 6 .  The s t i m u l u s  code name 

c a n  b e  i n t e r p r e t e d  a s  f o l l o w s :  (1) t h e  c a p i t a l  l e t t e r  i n d i c a t e s  

t h e  c o l o r  name o f  t h e  dominant  wavelength  i n  t h e  s t i m u l u s - -  

G=green,  Y=yellow, and R=red; ( 2 )  t h e  f i r s t  s u b s c r i p t  r e f e r s  t o  

t h e  p a r t i c u l a r  dominant  wave leng th  o f  t h a t  c o l o r  name: and ( 3 )  t h e  

second  s u b s c r i p t  i n d i c a t e s  t h e  r e l a t i v e  p u r i t y  a t  t h a t  dominant  

wavelength .  I n  g e n e r a l ,  t h e  G s  were chosen  t o  sample  v a r i o u s  

g r e e n s  merging i n t o  t h e  SAE w h i t e  r e g i o n ,  t h e  R s  were p i c k e d  t o  

sample t h e  SAE r e d  a r e a ,  and Y was chosen  t o  r e p r e s e n t  SAE ye l low.  



TABLE 6.2.  Pilot Study Stimuii. 

L x c i t a t i o n *  C I E  C h r o m a t i c i t y  
P u r i t y  ( % )  C o o r d i n a t e s  

75 x = , 1 8 0 ,  y = .242 

*With r e s p e c t  t o  W o  ( S e e  ~ i g u r e  30.6). 



Once t h e  s t i m u l i  were chosen they  were a r ranged  i n  p a i r s ,  

t h e  i n t e n t  b e i n g  t o  have s u b j e c t s  make comparisons between t h e  

members of a  p a i r .  The c o l o r  p a i r s  were g e n e r a t e d  accord ing  t o  

expec ted  c o l o r  confus ions  w i t h  a  few c a s e s  of a c o l o r  p a i r e d  

w i t h  i t s e l f  t o  s e r v e  a s  r e l i a b i l i t y  i n d i c a t o r s ,  By t h i s  p r o c e s s ,  

38 p a i r s  were formed and t h e y  we're subsequen t ly  a r ranged  i n  t h r e e  

random sequences t o  form t h r e e  s t i m u l u s  l i s t s ,  a  g iven  p a i r  appear-  

i n g  on ly  once i n  a  l i s t .  Table  6.3 shows t h e  s t i m u l u s  p a i r s .  

(Note t h a t  t h e  p a i r s  i n  column G33 appeared  on ly  i n  l i s t  1, w h i l e  

t h o s e  i n  column G34 appeared  i n  a l l  t h r e e  l i s t s . )  S u b j e c t s  1, 2 ,  

and 4 were g i v e n  on ly  l i s t  1; s u b j e c t  3 r e c e i v e d  l i s t s  1 and 2 ;  

and s u b j e c t s  5 and 6  were g iven  l i s t s  1, 2 ,  and 3. ( S u b j e c t  6 

was t h e  p r o t a n o i d . )  

S t imulus  P r e s e n t a t i o n  and Responses. When viewing c o l o r s ,  

s u b j e c t s  were e n c l o s e d  i n  a  hood which was p a i n t e d  f l a t  b l a c k  on 

t h e  i n s i d e .  S u b j e c t s  viewed two c o l o r  s p o t s  a t  eye  l e v e l  on a  

b l a c k  su r round ,  1 0  ins.  i n  f r o n t  of t h e i r  f a c e s .  A double-bulb 

f l u o r e s c e n t  desk  lamp was k e p t  on i n  t h e  room when n o t  viewing 

c o l o r s ,  b u t  was t u r n e d  o f f  d u r i n g  t r i a l s  s o  t h e  s u b j e c t s  would 

view t h e  c o l o r s  i n  t h e  dark .  

I n  t h e  p i l o t  s t u d y  a  s i n g l e  t r i a l  c o n s i s t e d  of s imul tan-  

eous ly  p r e s e n t i n g  t h e  two c o l o r s  of a  p a i r  f o r  a t h r e e  second 

i n t e r v a l ,  and then  havinq t h e  s u b j e c t  respond.  S u b j e c t s  responded 

on each t r i a l  by f i r s t  s t a t i n g  whether  t h e  two c o l o r s  i n  t h e  p a i r  

looked t h e  "same o r  d i f f e r e n t t '  and t h e n  by naming t h e  c o l o r s .  If 

on any t r i a l  t h e  s u b j e c t  responded " d i f f e r e n t "  and t h e n  gave t h e  

sane  c o l o r  name t o  bo th  s t i m u l i ,  he was asked t o  e x p l a i n  t h e  d i f -  

f e r e n c e .  Responses were recorded  by hand on p repared  response  

s h e e t s .  

RESULTS AND DISCUSSION. The c o l o r  names g iven by t h e  sub- 

j e c t s  f o r  each s t i m u l u s  a r e  shown i n  Tables  6 . 4  and 6 . 5 .  

Table  6 . 4  shows t h e  names used by t h e  t r i c h r o m a t s  and Table  6 . 5  





shows the ones used by the protanoid. Entries in both tables are 

in percent and the symbols for the color names are: R=red, R-Y=red 

to yellow, Y(A)=yellow or amber, Y-G=yellow to green, G=green, 

G-B=green to blue, and B=blue. Figures 6.7 and 6.8 are adapted 

from Tables 6.4 and 6.5, respectively, and show the predominant 

color names used for each stimuL7s on the CIE Chromaticity Diagram. 

The color-naming data show :+ narked difference between the 

trichromats and the protanoid. The protanoid saw a much more 

restricted set of colors, since he rarely responded other than 

"red" or "green." Another interesting feature about the response 

of the protanoid is that he sometimes called the same stimulus 

green or red, depending on what it was paired with. For example, 

he called GS4 green whenever it was paired with Yll, Rll, or R21; 

but he called it red several times when it was paired with G51, 

G ~ ~ ,  Or G ~ ~ .  This is thought to be for two reasons. First, pre- 

vious experiences have forced him to use different names for colors 

that appeared to be identical. Thus, he is rather poor at absolute 

discrimination (naming), Second, in order to make discriminations 

at all, he usually has to rely on either context or brightness 

differences, In the experimental setting there are no contextual 

cues, and since his brightness response across wavelengths differs 

from that of trichromats, he was able to see brightness differ- 

ences between stimuli that did not exist for the trichromatic 

subjects. (The Pritchard photometer measures luminance as if it 

were a trichromatic human eye. Since dichromats and trichromats 

have different brightness responses across the spectrum, in this 

experiment the brightness of the stimuli was made constant only 

for trichromats.) Thus, what often happened in the protanoidls 

color naming was a "green" response for the color that looked 

brighter, or conversely a "red" response for the color that looked 

darker. 

Responses which the subjects gave when describing the dif- 

ferences and similarities between paired colors are shown in 



I I  I 
I 1  I  I  I  I 
I I  I  I  I  I 
I 1  I I -  a m I +  Ln Ln Ln O I N  Ln Ln ln 
I I  I  I . .  . I . .  . . . I .  . . . 
I 1  I  I  N -3' I  N N c\l Ln I -  N N -  
1 1  I I 4 4 I 4 4 4 N l  4 4 m  
i i  I  I  I  I 
I I  1 1 

I I I I  I I 
I 1  I I 1 4  I c n O O L n M  
I I  I I  I I . .  . . . 
I 1  I I  I m  I 4 L n L n N 0 3  
I 1  I I I  I N  N N 4 
I 1  I I  I I 
I I 

I I  I I I I 
I 1  1 1 0 3  0 w  L n  I L n O L n L n O I m O m o o  
I 1  I  I . .  . . I  . . . . . I  . . . . . 
I 1  I l m  c, 03 N I F L ~ N N L ~ I ~ ( L ~ N L ~ O  
I 1  I I *  Ln N d I W * ' L O W N I - b W P L n  
I 1  I  1 I I 
I I I I  I 
I 1  I I I I 
I  I I 4 0  N I r l  Ln - 0 I L n O O L n l  C'J 
I l  I . .  I . .  . . I  . . . . I  
I I I m m  Ti" 1 0 3  r- m in I c \ l L n l n P l  -3' 
I 1  I I N  m  m  N I  4 N N m l  
I ' !  1 I I 

I 1 I 
I 1  I I I  I 
I I - l a  0 0 00 LnIP - 3 ' L n O I  Ln I 
I  I .I . . . . . I  . . . . I  I 
I I W I W  ~n o m * I 0 3  4 N 3 1  N I  
I 1 3 1  0 c n  n 1 4  N ' Q O I  4 I 
I 1  I  4 I 4 I I 

I - a +  - + = a +  m  m m m m i  W . N - N N I  4 4 - 1 4  
NI .+I 4 1  ~n -3 m 4 1  m Q ' m N 4 l L f ) * m Y 4 l  m - m N 4  







F i g u r e  6 .8 .  Predominant c o l o r  names g iven  by t h e  p r o t a n o i d  
f o r  t h e  p i l o t  s t u d y  s t i m u l i .  



Tab le  6 . 6 .  Numbers i n  t h e  "ch roma t i c  d i f f e r e n c e "  columns o f  

t h e  t a b l e  a r e  t h e  p e r c e n t  o f  r e s p o n s e s  which were i n  terms of  

hue and/or  s a t u r a t i o n .  durnbers i n  t h e  " b r i g h t n e s s  o r  no d i f f e r -  

ence"  columns a r e  t h e  p e r c e n t  o f  r e s p o n s e s  which i n d i c a t e d  e i t h e r  

no d i f f e r e n c e  was s e e n  o r  a  d i f f e r e n c e  o n l y  i n  b r i g h t n e s s  was 

seen .  (The p r o t a n o i d  d e s c r i b e d  a i f f e r e n c e s  between c o l o r s  i n  

terms of b r i g h t n e s s  o r  h u e ,  b u t  n e v e r  i n  te rms  o f  s a t u r a t i o n .  

The t r i c h r o m a t s  on t h e  o t h e r  hand ,  used  t e rms  of  hue o r  s a t u r a -  

t i o n ,  b u t  n e v e r  b r i g h t n e s s  i n  comparing t h e  p a i r e d  s t i m u l i . )  

The f i r s t  twe lve  p a i r s  g i v e n  i n  t h e  t a b l e  were always chromat i -  

c a l i y  d i f f e r e n t  f o r  e v e r y  s u b j e c t ,  and t h e  l a s t  e i g h t  p a i r s  were 

neve r  c h r o m a t i c a l l y  d i f f e r e n t  f o r  t h e  p r o t a n o i d .  C o n s i d e r i n g  

r e s p o n s e s  from t h e  p r o t a n o i d ,  T a b l e  6 . 6  i n d i c a t e s  t h a t  SAE r e d  

i s  n o t  d i s t i n c t  from SAE ye l low.  However, SAE r e d  and y e l l o w  

appea r  t o  be  d i s t i n c t  from SAE w h i t e  f o r  t h e  p r o t a n o i d  and t h e  

t r i c h r o m a t s .  

I n  Tab le  6 . 7  t h e  same t y p e  o f  d a t a  a r e  p r e s e n t e d  f o r  t h e  

s t i m u l i  which were p a i r e d  w i t h  t hemse lves .  I n  t h i s  t a b l e  a  low 

p e r c e n t  e n t r y  i n  t h e  "ch roma t i c  d i f f e r e n c e "  columns i s  d e s i r a b l e ,  

s i n c e  t h a t  would i n d i c a t e  h i g h  r e l i a b i l i t y  i n  s u b j e c t  r e s p o n s e s  

and i n  s t i m u l u s  g e n e r a t i o n .  U n f o r t u n a t e l y ,  t h e  o b t a i n e d  v a l u e s  

a r e  h i g h e r  t h a n  d e s i r e d ,  i . e . ,  when t h e  same c o l o r  was p r e s e n t e d  

t o  b o t h  s l i t s  on t h e  ground g l a s s  s c r e e n ,  s u b j e c t s  p e r c e i v e d  

them a s  b e i n g  d i f f e r e n t  on s e v e r a l  o c c a s i o n s .  

H e s u i t s  from t h e  p i l o t  s t u d y  i d e n t i f i e d  t h e  f o l l o w i n g  prob- 

lem a r e a s  which needed improvement b e f o r e  c o n d u c t i n g  t h e  main 

s t u d y  : 

1. S u b j e c t s  became o v e r l y  bo red  and f a t i g u e d  due t o  t h e  

slow pace  o f  t h e  expe r imen t  combined w i t h  an i n t e r m i t t e n t  r e q u i r e -  

ment f o r  e x a c t  judgments.  

2 .  S u b j e c t s  used  t o o  many d i f f e r e n t  c o l o r  names and concen- 

t r a t e d  t o o  h e a v i l y  on i r r e l e v a n t  d i f f e r e n c e s  between c o l o r s ,  t h u s  

p roduc ing  e x c e s s i v e  v a r i a b i l i t y  i n  r e s p o n s e s .  

3.  Color  p r o d u c t i o n  was somewhat t o o  v a r i a b l e .  
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TABLE 6.6. Differences Between Pilot Study Colors as Judged 
by the Trichromats and the Protanoid. 



TABLE 6.7. Reported Differences When Pilot Study Colors Were 
Paired With Themselves as Judged by the Trichromats 
and the Protanoids. 

4. The chr~maticity of the white desaturating lights (point 

w0 in Figure 6 . 6 )  was too far toward the orange causing too little 

flexibility in selecting chromaticity points, Changes needed to 

correct for each of these problem areas are discussed at their 

appropriate places in the description of the main study which 

follows. 

Color Pair 

G14 - G14 

G34 - G34 

12.5 87.5 

100.0 

100.0 

100.0 



MAIN STUDY 

EQUIPMENT. AS e x p l a i n e d  t h e  d i s c u s s i o n  of  t h e  p i l o t  s t u d y ,  

t h e  equipment i n  t h e  two s t u d i e s  was e s s e n t i a l l y  t h e  same. How- 

e v e r ,  some changes were made t o  c o u n t e r a c t  t h e  problems i d e n t i -  

f i e d  by t h e  p i l o t  s t u d y .  

I n  o r d e r  t o  combat s u b j e c t  boredom and f a t i g u e ,  w a i t i n g  

periods between c o l o r  p r e s e n t a t i o n s  were c o n s i d e r a b l y  reduced and 

t h e  g e n e r a l  pace of t h e  experiment  was quickened by u s i n g  a  t a p e  

r e c o r d e r  t o  r e c o r d  responses  and by making mechanical  a l t e r a -  

t i o n s  t o  t h e  dua l -pa th  monochromator which al lowed more r a p i d  

s e l e c t i o n  of c o n t r o l  s e t t i n g s  t o  produce t h e  d e s i r e d  c o l o r s ,  

A r e d u c t i o n  i n  t h e  v a r i a b i l i t y  of c o l o r  p roduc t ion  was 

o b t a i n e d  by i n s t a l l i n g  a  d i f f e r e n t  power supply  f o r  t h e  d e s a t u r -  

a t i n g  l i g h t s .  T h i s  power supp ly  i s  t h e  b a t t e r y  and c h a r g e r  a s  

d i s c u s s e d  under p i l o t  s t u d y  equipment. I n  a d d i t i o n ,  t h e  s t i m u l u s  

s i t u a t i o n  was made less v a r i a b l e  by t h e  i n t r o d u c t i o n  of an a d j u s t -  

a b l e  c h i n  rest and a  desk lamp i n  t h e  s u b j e c t ' s  hood. The c h i n  

r e s t  was se t  f o r  each s u b j e c t  s o  t h a t  t h e  c o l o r s  always appeared 

a t  eye  l e v e l ,  9 .5  i n c h e s  away. The desk lamp i s  a  15 w a t t  incan- 

d e s c e n t  w i t h  a  f l a t  b l a c k  r e f l e c t o r .  I t  was p o s i t i o n e d  between 

t h e  s u b j e c t  and t h e  viewing s c r e e n  (wi thou t  b l o c k i n g  t h e  view) a t  

a d i s t a n c e  of 5  i n c h e s  from t h e  viewing s c r e e n ,  and was automat i -  

c a l l y  o p e r a t e d  by t h e  d u i l - p a t h  monochromator c o n t r o l  e l e c t r o n -  

i c s  i n  such a  way t h a t  t h e  lamp was o f f  on ly  when t h e  s u b j e c t  was 

viewing c o l o r s .  

The problem w i t h  t h e  d e s a t u r a t i n g  l i g h t  c h r o m a t i c i t y  was 

r e s o l v e d  by i n c o r p o r a t i n g  co lo r - t empera tu re  c o r r e c t i n g  f i l t e r s ,  

as mentioned i n  t h e  equipment s e c t i o n  of t h e  p i l o t  s t u d y ,  

SUBJECTS. S i x  s u b j e c t s  were used i n  t h e  main s tudy .  A l l  

were t e s t e d  w i t h  t h e  Dvorine Pseudo-Isochromatic  P l a t e s  (Dvorine,  

1953) r e s u l t i n g  i n  two c l a s s i f i c a t i o n s  of "normal ,"  two of 



"severe deuteranoid" and two of "severe protanoid" color vision. 

All subjects were males with ages ranging from 21 to 29. 

METHOD. 

Stimulus Selection. In the pilot study, a constant lumi- 

nance (with respect to the trichromatic eye) was used for all 

colors. This allowed the protanope to make judgments based on 

luminance differences, since his eye response was different froni 

the full-color vision eye response across wavelengths, Thus, in 

order to minimize such unwanted luminance differences in the main 

study, colors were generated such that the luminance was constant 

within vision types but not across vision types. Chromaticity of 

any given color was the same for all subjects, but the relative 

luminance of the pure color and the white in each mixture was 

adjusted to compensate for the eye response for each vision type. 

All colors were at a luminance of 0.3 ft-L for trichromatic sub- 

jects. For the deuteranoid types, the main adjustment to achieve 

equal luminance was a boost in the luminance of the reds; and for 

the protanoid types, the main adjustments were a boost in the 

reds and a boost in the desaturating white. (It is not reason- 

able to describe luminances in terms of "foot-Lamberts" for 

dichromatic eyes, since such luminance measures are defined in 

terms of full-color eyes,) In brief, the colors seen by a given 

subject were all of equal luminance; but those same colors would 

not have been of equal luminance to another subject, if he were 

of a different vision type. For all subjects, however, a given 

color had the same chromaticity. 

By the same process described in the pilot study, 26 colors 

were chosen for the main study. They are shown along with the SAE 

color zones on the CIE Chromaticity Diagram in Figure 6.9. The 

point marked A within the SAE white region is not a color shown to 

the subjects. It is the chromaticity of CIE Source A white--the 



Figure 6.9. Main study stimuli on the CIE Chromaticity 
Diagram. 



c o r r e l a t e d  c o l o r  t e m p e r a t u r e  t o  which t h e  d u a l - p a t h  monochro- 

mator  d e s a t u r a t i n g  l i g h t s  were moved by means o f  t h e  c o l o r -  

t e m p e r a t u r e  b o r r e c t i n g  f i l t e r s  ( c o l o r  temperature=2854,0Kt coo r -  

d i n a t e s :  x=. 448, y=. 4 0 7 ) .  By t h i s  means t h e  problem i n  t h e  p i l o t  

s t u d y  of  hav ing  t h e  d e s a t u r a t i n g  l i g h t s  t o o  f a r  toward o range  i s  

avoided  . 
I n  T a b l e  6 . 8  a r e  l i s t e d  t h e  s t i m u l u s  code name, d o m n a n t  

wave leng th ,  e x c i t a t i o n  p u r i t y  ( w i t h  r e s p e c t  t o  Source  A )  and 

c h r o m a t i c i t y  c o o r d i n a t e s  f o r  each  s t i m u l u s  c o l o r  p l o t t e d  i n  

F i g u r e  6 . 9 .  The s t i m u l u s  code name can  be  i n t e r p r e t e d  a s  f o l l o w s :  

(1) t h e  c a p i t a l  l e t t e r  i n d i c a t e s  t h e  c o l o r  name o f  t h e  dominant  

wavelength  i n  t h e  s t imulus- -R=red ,  A=amber, GY=greenish-yel low,  

W=white, G=green, and BG=blue-green; ( 2 )  t h e  f i r s t  s u b s c r i p t  

r e f e r s  t o  t h e  p a r t i c u l a r  dominant  wavelength  w i t h i n  t h a t  c o l o r  

name; and ( 3 )  t h e  second  s u b s c r i p t  r e f e r s  t o  t h e  e x c i t a t i o n  p u r i t y  

o f  t h e  c o l o r  a t  t h a t  dominant wavelength .  For  example,  "BG31" 

i s  a  b lue -g reen  a t  dominant wavelength  3 (485nm) o f  t h e  b l u e -  

g r e e n s  and a t  p u r i t y  l e v e l  1 (100%)  o f  t h e  b lue -g reens  a t  485nm. 

Once t h e  s t i m u l u s  c o l o r s  were chosen  t h e y  were used  t o  form 

82 s e l e c t e d  p a i r s  o f  c o l o r s  which a r e  shown i n  T a b l e  3 . 9 .  P a i r s  

o f  c o l o r s ,  i n  t u r n ,  were used t o  g e n e r a t e  f o u r  t e s t  l i s t s .  Each 

such  l i s t  c o n t a i n e d  a l l  82 c o l o r  p a i r s  i n  random o r d e r  w i t h  each  

p a i r  a p p e a r i n g  once  p e r  l i s t .  

The s t i m u l u s  c o l o r s  and c o l o r  p a i r s  were chosen  t o  e v a l u a t e  

t h e  p r e s e n t  SAE c o l o r  sys t em w i t h  r e s p e c t  t o  t h e  c r i t e r i a  s t a t e d  

i n  t h e  I n t r o d u c t i o n ,  t o  e x p l o r e  means by which t h e  p r e s e n t  sys t em 

c o u l d  be  m o d i f i e d  t o  b e t t e r  s a t i s f y  t h o s e  c r i t e r i a ,  and t o  f i n d  

a  b lue -g reen  c o l o r  s e t  which c o u l d  b e  added and s t i l l  s a t i s f y  

t h o s e  c r i t e r i a .  I n  a d d i t i o n ,  some c o l o r s  were p a i r e d  w i t h  them- 

s e l v e s  t o  a s s e s s  t h e  r e l i a b i l i t y  o f  t h e  e x p e r i m e n t a l  p r o c e d u r e s ,  

and some c o l o r  p a i r s  were chosen  t o  e x p l o r e  t h e  i m p l i c a t i o n s  o f  

a  d i c h r o m a t i c  c h r o m a t i c i t y  c o o r d i n a t e  sys t em deve loped  by Judd 



TABLE 6.8. Main Study Stimuli. 

*With  respect to CIE Source A. 
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( 1 9 4 8 ) .  C o l o r  c h o i c e s  and p a i r i n g s  were a l s o  based  on t h e  p i l o t  

s t u d y  r e s u l t s .  For  example ,  b l u e - g r e e n s  whose x - c o o r d i n a t e s  ( C I E  

C h r o m a t i c i t y  ~ i a g r a m )  were g r e a t e r  t h a n  . 2 0 0  i n  t h e  p i l o t  s t u d y  

were o f t e n  g i v e n  names o t h e r  t h a n  b l u e  o r  g r e e n .  Thus ,  i n  t h e  main 

s t u d y  x' . 2 0 0  was used  a s  t h e  w h i t e  l i m i t  f o r  t h e  b l u e - g r e e n s .  

S t i m u l u s  P r e s e n t a t i o n  an2  qesponses .  Un l ike  t h e  p i l o t  s t u d y ,  

t h e r e  were two c o l o r - o b s e r v i n g  c o n d i t i o n s  i n  t h e  main s t u d y .  I n  

one  c a s e ,  two c o l o r s  were p r e s e n t e d  s i m u l t a n e o u s l y .  I n  t h e  o t h e r  

c a s e ,  t h e  two c o l o r s  were p r e s e n t e d  s e q u e n t i a l l y .  I n  t h e  sequen-  

t i a l  c a s e ,  f i v e  s econds  e l a p s e d  between t h e  t e r m i n a t i o n  o f  t h e  

f i r s t  c o l o r  and t h e  o n s e t  o f  t h e  second  c o l o r .  The l e f t  c o l o r  

s p o t  ( w i t h  r e s p e c t  t o  t h e  s u b j e c t )  was a lways shown f i r s t  i n  t h i s  

c o n d i t i o n .  ( I n  t h e  r ema inde r  o f  t h i s  p a p e r  t h e s e  two c o n d i t i o n s  

a r e  r e f e r r e d  t o  a s  t h e  "0  s e c  I S I "  ( I n t e r  S t i m u l u s  I n t e r v a l )  

c o n d i t i o n  and t h e  " 5  sec I S I "  c o n d i t i o n ,  r e s p e c t i v e l y , )  

S i n c e  t h e  l e f t - h a n d  c o l o r  was a lways  shown f i r s t  i n  t h e  5 s e c  

I S 1  c o n d i t i o n , c o l o r  p a i r s  had  t o  b e  a r r a n g e d  s o  e a c h  c o l o r  would 

a p p e a r  e q u a l l y  o f t e n  on t h e  l e f t  and on t h e  r i g h t ,  T h i s  was 

accompl i shed  by i n t e r c h a n g i n g  t h e  c o l o r s  i n  e v e r y  p a i r  b e f o r e  

g e n e r a t i n g  t h e  n e x t  t e s t  l i s t .  Thus ,  i f  a  c o l o r  p a i r  p r e s e n t e d  

a  g r e e n  t o  t h e  s u b j e c t ' s  l e f t  and a  r e d  t o  h i s  r i g h t  i n  t h e  f i r s t  

Lis t ,  t h i s  same c o l o r  p a i r  would have  t h e  r e d  on t h e  s u b j e c t ' s  

l e f t  and t h e  g r e e n  on h i L  r i g h t  i n  t h e  second  l i s t ,  and s o  on.  

(The l e f t - r i g h t  i n t e r c h a n g e  was a l s o  used  f o r  t h e  0 s e c  IS1  

c c n d i t i o n . )  

S u b j e c t s  were  i n s t r u c t e d  t o  r e spond  on e a c h  t r i a l  f i r s t  by 
, . ,-. * . , v i ~ q  - :>. c a t e g o r y  name t o  e a c h  c o l o r  and second by r a t i n g  t h e  

s i m i l a r i t y  ( t o  each  o t h e r )  o f  t h e  two c o l o r s  i n  t h e  p a i r .  When 

g i v i n g  c a t e g o r y  names t o  t h e  c o l o r s ,  s u b j e c t s  were a l l owed  t o  

s e l e c t  f rom o n l y  f o u r  such  names. A c o l o r  was a  member o f  t h e  

" r e d "  c a t e g o r y ,  t h e  "amber o r  ye l low"  c a t e g o r y ,  t h e  " b l u e  o r  g r e e n "  

c a t e g o r y ,  o r  t h e  " w h i t e "  c a t e g o r y .  When r a t i n g  t h e  s i m i l a r i t y  o f  



t h e  c o l o r s  i n  a  p a i r ,  s u b j e c t s  were i n s t r u c t e d  t o  say  a whole 

number from one through f i v e ,  w i t h  f i v e  meaning " t h e  same o r  

a lmost  t h e  same" and one meaning " n o t  a t  a l l  s i m i l a r , "  t o  i n d i -  

c a t e  how s i m i l a r  ( i . e . ,  confusab le )  they  f e l t  t h e  c o l o r s  were t o  

each o t h e r .  Th i s  method of  responding was chosen t o  avoid  t h e  

problem, found i n  t h e  p i l o t  s t u d y ,  of having t o o  much v a r i e t y  i n  

t h e  c o l o r  names used by t h e  s u b j e c t s  and t o  p rov ide  more i n f o r -  

mation on t h e  c o n f u s a b i l i t y  of t h e  c o l o r s ,  

Under t h e  0 s e c  IS1  c o n d i t i o n  a  t r i a l  c o n s i s t e d  of t h e  f o l -  

lowing: t h e  exper imenter  s a i d  " ready.  . . . g  o ! , "  t h e  desk lamp i n  

t h e  s u b j e c t ' s  hood went o u t  (room l i g h t s  were o f f  a t  a l l  t i m e s )  

and i n s t a n t l y  two c o l o r  s p o t s  appeared ,  1 s e c  l a t e r  t h e  c o l o r  

s p o t s  went o u t  and t h e  desk lamp immediately came back on,  and 

t h e n  t h e  s u b j e c t  responded by s a y i n g  two c o l o r  c a t e g o r y  names 

and a  s i m i l a r i t y  r a t i n g  number. 

The 5 s e c  IS1 c o n d i t i o n  t r i a l  was t h e  same, excep t  t h e  l e f t -  

hand c o l o r  came on a l o n e  f o r  1 s e c  and went o f f ,  t h e  desk lamp 

came back on f o r  5 s e c s  and went o f f ,  and t h e n  t h e  r igh t -hand  

c o l o r  came on a lone  f o r  1 s e c  and went o f f .  

A s l i g h t  m o d i f i c a t i o n  i n  t h i s  t i m i n g  was n e c e s s a r y  f o r  t h e  

p r o t a n o i d  s u b j e c t s .  They were unable  t o  s u f f i c i e n t l y  p e r c e i v e  

t h e  c o l o r s  d u r i n g  t h e  p r e s e n t a t i o n  i n t e r v a l  of  1 s e c .  For t h e s e  

s u b j e c t s  t h e  i n t e r v a l  was i n c r e a s e d  t o  1 . 5  s e c .  

S u b j e c t s  were i n s t r u c t e d  t o  always name t h e  c o l o r  on t h e i r  

l e f t  f i r s t ,  t o  g i v e  a complete r e sponse  on every  t r i a l ,  and t o  

guess  when n e c e s s a r y .  The t ime a l l o t t e d  f o r  responding was how- 

e v e r  long i t  took t h e  exper imente r  t o  s e t  t h e  dual -path  mono- 

chromator f o r  t h e  n e x t  t r i a l .  An average  t r i a l  took 2 0  s e c s  f o r  

both  t h e  0 s e c  I S 1  and t h e  5 s e c  IS1  c o n d i t i o n s .  (The 5 s e c  I S 1  

c o n d i t i o n  took no l o n g e r  because t h e  exper imente r  was a b l e  t o  

s e t  t h e  monochromator f o r  t h e  l e f t - h a n d  c o l o r  of  t h e  n e x t  t r i a l  

d u r i n g  t h e  5-sec w a i t . )  



Each s u b j e c t  was r u n  f o r  two h o u r s  a  day on t h r e e  s e p a r a t e  

days .  Because o f  t h e  complex n a t u r e  o f  t h e  r e q u i r e d  r e s p o n s e s ,  

s u b j e c t s  were g i v e n  an  i n i t i a l  40-minute p r a c t i c e  and o r i e n t a -  

t i o n  s e s s i o n  on t h e i r  f i r s t  d a y ,  and a  n ine-minute  p r a c t i c e  

s e s s i o n  a t  t h e  s t a r t  of t h e  two f o l l o w i n g  days .  (Data  were 

r e c o r d e d  b u t  n o t  a n a l y z e d  from -'-9 p r a c t i c e  s e s s i o n s  on days  two 

and t h r e e , )  P r a c t i c e  l i s t s  were c o n s t r u c t e d  i n  t h e  same f a s h i o n  

a s  t h e  tes t  l i s t s ,  e x c e p t  t h a t  new c o l o r  p a i r s  were chosen  which 

were d i f f e r e n t  f rom t h o s e  i n  t h e  t e s t  l i s t s  and which were 

s e l e c t e d  t o  show s u b j e c t s  t h e  t y p e s  o f  c o l o r s  b e i n g  used  and t h e  

r ange  of  d i f f e r e n c e s  between c o l o r s  t o  e x p e c t .  The p r a c t i c e  l i s t s  

c o n t a i n e d  o n l y  2 5  c o l o r  p a i r s  a s  shown i n  T a b l e  6.10.  

The 40-minute p r a c t i c e  and o r i e n t a t i o n  s e s s i o n  on a  sub-  

j e c t ' s  f i r s t  day had t h r e e  s t a g e s .  F i r s t  he  was shown t h e  i n i -  

t i a l  t e n  c o l o r  p a i r s  on t h e  p r a c t i c e  l i s t  and i n s t r u c t e d  t o  make 

no v e r b a l  r e s p o n s e ,  b u t  t o  s imp ly  become a c q u a i n t e d  w i t h  t h e  

sequence  o f  e v e n t s  on a  t r i a l  and t h e  t y p e s  o f  c o l o r s  b e i n g  p re -  

s e n t e d .  Then t h e  c o l o r  c a t e g o r y  names were e x p l a i n e d  t o  him and 

he was shown t h e  n e x t  t e n  p a i r s  on t h e  l i s t  and i n s t r u c t e d  t o  

g i v e  t h e  names of  t h e  c o l o r s  on e a c h  t r i a l .  F i n a l l y ,  t h e  s i m i -  

l a r i t y  r a t i n g  s c a l e  was e x p l a i n e d  and h e  was i n s t r u c t e d  t o  

r e spond  w i t h  t h e  c o l o r  names and s i m i l a r i t y  number on e a c h  t r i a l  

He was t h e n  shown t h e  e n t i r e  p r a c t i c e  l i s t ,  s t a r t i n g  o v e r  w i t h  

t h e  f i r s t  c o l o r  p a i r .  

A res t  p e r i o d  of  t e n  minu te s  fo l lowed  t h e  40-minute i n i t i a l  

s e s s i o n ,  and t h e n  t h e  f i r s t  h a l f  of  a  t e s t  l i s t  was p r e s e n t e d  f o r  

2 7  m i ~ u t e s .  Another  t e ~ m i n u t e  r e s t  p e r i o d  o c c u r r e d  f o l l o w e d  by 

t h e  r ema in ing  h a l f  o f  t h e  t e s t  l i s t  f o r  2 7  minu te s .  

On t h e  second  d a y ,  a  s u b j e c t  began w i t h  t h e  n ine-minute  

p r a c t i c e  s e s s i o n  i n  which h e  o b s e r v e d  t h e  e n t i r e  p r a c t i c e  l i s t  

i n  one p a s s ,  g i v i n g  comple te  r e s p o n s e s  on each  t r i a l ,  A t e r r  

minute  rest  f o l l o w e d ,  t h e n  t h e  f i r s t  h a l f  of  a  t e s t  l i s t  f o r  
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2 7  m i n u t e s ,  t h e n  a n o t h e r  t en -minu te  r e s t ,  t h e n  t h e  s econd  h a l f  

of  t h e  t e s t  l i s t ,  t h e n  a n o t h e r  r e s t ,  and f i n a l l y  t h e  f i r s t  h a l f  

o f  a n o t h e r  t e s t  l i s t .  

The t h i r d  day had t h e  same t i m i n g  a s  t h e  second  d a y ,  w i t h  

t h e  p r a c t i c e  p e r i o d  b e i n g  f ~ l ~ ~ , ~ e d  by t h e  second  h a l f  o f  t h e  

t es t  l i s t  which ended t h e  p r e v i j ~ u s  d a y ' s  work. T a b l e  6 .11  

summarizes t h e  l i s t  sequence  f o r  each  s u b j e c t ,  t h e  i n t e r s t i m u l u s  

i n t e r v a l  a s s o c i a t e d  w i t h  e a c h  l i s t ,  and t h e  t i m e  sequence  f o r  

e a c h  day o f  r u n n i n g .  

TABLE 6.11.  O r d e r i n g  A d m i n i s t r a t i o n  o f  Expe r imen ta l  
C o n d i t i o n s  i n  Main S tudy .  

I 

* P = P r a c t i c e  L i s t ,  T = T e s t  L i s t .  
" l a = f i r s t  h a l f  of  T e s t  L i s t  1, lb=second  h a l f  o f  Test L i s t  1, e t c .  



The f r e q u e n t  res t  p e r i o d s  i n  t h e  main s t u d y  were g iven  t o  

h e l p  c o u n t e r a c t  t h e  s u b j e c t  f a t i g u e  and boredom encoun te red  i n  

t h e  p i l o t  s t u d y .  P r a c t i c e  s e s s i o n s  i n  t h e  main s t u d y  were needed 

n o t  o n l y  because  of  t h e  complex i ty  of  t h e  r e s p o n s e s ,  b ~ t  a l s o  t o  

h e l p  r educe  t h e  problem o f  s u b j e c t  r e s p o n s e  v a r i a b i l i t y  a s  found 

i n  t h e  p i l o t  s t u d y .  I n  a d d i t i o n ,  t h i s  problem was reduced  5,:~ 

hav ing  t h e  f o u r  c o l o r  c a t e g o r y  names and t h e  s i m i l a r i t y  r a t i n g  

s c a l e  t yped  on two, w h i t e ,  4 i n .  x 6  i n ,  i n d e x  c a r d s  and p l a c e d  

i n  t h e  s u b j e c t ' s  hood where t h e y  would b e  s e e n  whenever t h e  desk  

lamp was on.  

RESULX AND DISCUSSIOL4, Each s u b j e c t  saw e v e r y  c o l o r  p a i r  

f o u r  t i m e s  ( t w i c e  w i t h  a  0 s e c  IS1 and t w i c e  w i t h  a  5  s e c  ISI). 

Thi s  gave a  t o t a l  o f  1968 o b s e r v a t i o n s  on c o l o r  p a i r s  and 3936 

o b s e r v a t i o n s  on i n d i v i d u a l  c o l o r s .  ( S i n c e  n o t  a l l  p o s s i b l e  c o l o r  

p a i r s  were u s e d ,  t h e  i n d i v i d u a l  c o l o r s  d i d  n o t  a p p e a r  e q u a l l y  

o f t e n .  WZ1, f o r  example,  appea red  4 4  t i m e s  t o  each  s u b j e c t ,  w h i l e  

BG32 appea red  o n l y  1 2  t i m e s . )  

A n a l y s i s  o f  Color-Naming Da ta ,  T a b l e  6.12 shows t h e  d i s t r i -  

b u t i o n  o f  c o l o r  names g iven  t o  each  c o l o r  w i t h  t h e  d a t a  pooled  

a c r o s s  t e s t  l i s t s  and s u b j e c t s  w i t h i n  v i s i o n  t y p e .  From t h e  t a b l e  

it i s  s e e n  t h a t  t h e  pu re  r e d  ( R l l )  was a lways c a l l e d  " r e d t t  by both  

t h e  t r i c h r o m a t s  and t h e  d e u t e r a n o i d s  and n e a r l y  a lways c a l l e d  " r e d "  

by t h e  p r o t a n o i d s .  A s  t h i s  r e d  was p r o g r e s s i v e l y  d e s a t u r a t e d  

(R12 t h rough  R15) t h e  t r i c h r o m a t s  c o n t i n u e d  t o  s a y  " r e d , "  w h i l e  

t h e  d e u t e r a n o i d s  began t o  s a y  "amber o r  ye l low"  p r o g r e s s i v e l y  more 

o f t e n ,  and t h e  p r o t a n o i d s  began t o  s a y  " b l u e  o r  g r e e n "  2nd " w h i t e "  

p r o g r e s s i v e l y  more o f t e n .  A t  t h e  l e v e l  of  t h e  l e a s t  pu re  r e d  ( R ~ ~ ) ,  

t h e  p r o t a n o i d s  s a i d  " r e d "  o n l y  abou t  h a l f  t h e  t ime  w i t h  most of  

t h e  remainder  o f  t h e i r  r e s p o n s e s  d i v i d e d  a b o u t  e q u a l l y  between 

"wh i t e "  and " b l u e  o r  g reen .  I t  

Tile two ambers ( A l 2  and A l l )  were always c a l l e d  "amber o r  

ye l low"  by t h e  t r i c h r o m a t s ;  b u t  t h e y  were sometimes c a l l e d  " r e d , "  
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and even "blue or green" by the deuteranoids; and were called 

"red" by the protanoids about half the time. 

The table also shows that pure greenish-yellow (GYll) was 

always called "blue or green" by the trichromats. As this color 

was made less pure (GY through GY ) trichromats called it i 2 15 
"amber or yellow" and "white" increksin~ly n o r 2  often. In con- 

crast, deuteranoids usually called pure greenish-yellow "ainber 

or yellow" but often called it "blue or greens' as well. When 

some white was mixed with this color (producing GY and GY13) 12 
deiiceranoids called it "amber or yellow" an even greater percent- 

age of the time. Further desaturation of the color produced a 

aeclining percentage of " a ~ h e r  or yellow" and "blue or green" 

calls and an increasing percentage of "red" and "white" calls. 

Protanoids showed yet another pattern of naming the greenish 

yellows. Their responses were almost evenly divided between 

"red" and "blue or green" for all the greenish yellows, regard- 

less of their purity. 

The two whites were called several names by the subjects. 

The white at the orange limit of SAE white (Wll) was called 

"amber or yellow" most of the time by the trichromats and deuter- 

anoids, but was called "red" about half the time and "blue or 

green" about half the time by the protanoids. On the other hand, 

the wnite at the blue limit of SAE white (W ) was nearly always 2 1 
called "white" by the trichromats. It was called "white" by the 

deuteranoids most of the time, but was also frequently called 

"amber or yellow" by them. Protanoius called this white "red" 

about half the time, "blue or green" somewhat less often, and 

"white" the rest of the time. 

With the exception of G 11,  he pure greens and blue-greens 

were always called "blue or green" by all subjects. Desaturating 

these colors had no effect on the naming responses of the trichro- 



mats and only a slight effect on the naming responses of the 

protanoids. (Protanoids occasionally said "red" when viewing 

BG13 and BGE4--two of the least pure blue-greens.) Deuteranoids, 

however, increasingly nore cften said "white" as the blue-greens 

were progressively desaturated, and they also occasionally said 

"red" and "amber or yellow" wl.:.: viewing the desaturated blue- 

greens. 

Two general trends show in the color-naming data. One is 

that the more white is aixe2 with a color, the greater the variety 

of names used to describe that color, i.e., the less pure a color, 

the less consistently it is named. The other trend is that the 

closer a color is to the extrezes of the visible spectrum (deep 

in the red or deep in the blue), the more consistently it is named. 

The information in Table 6.12 is presented in a condensed 

form as bar graphs in Figures 6.10, 6.11, and 6.12. In these 

figures the names of the stimuli are shown across the top and corres- 

pond to the major vertical groupings. Just below these are shown 

the vision types as vertical sub-groupings. Along the sides of 

these figures are shown the color category names which subjects 

had to use when describing the colors. The color category names 

correspond to the major horizontal groupings of the figures. 

Within each color category grcup, the horizontal sub-groupings 

represent five uneqcal percentage levels. The height of a given 

column of x's shows what percent of the time a given stimulus 

was called the corresponding color category name by the indicated 

vision-type subjects. For example, Figure 6.10 shows that the 

stimulus 3. was called "red" frox 26 to 74 percent of the time, 15 
" a ~ b c r  or yellowl'ffrorn 1 to 5 percent of the time, "blue or green" 

from 6 to 25 percent of the time, and "white" from 6 to 25 percent 

of the time by the protanoid subjects. The figure also shows that 

the same stimulus was called "red" from 95 to 100 percent of the 

time, and never called the other category names by the trichro- 

matic subjects. 
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For purposes  of v e h i c l e  r e a r  l i g h t i n g ,  d e s i r a b l e  c o l o r s  a r e  

t h o s e  w i t h  s t a b l e  names, t h a t  i s ,  c o l o r s  which a r e  c a l l e d  t h e  

same name by s u b j e c t s  under  a  v a r i e t y  of viewing c o n d i t i o n s .  I n  

o r d e r  t o  a s s e s s  t h e  s t a b i l i t y  of t h e  c o l o r  names, a  color-naming 

c o n s i s t e n c y  (CNC)  s c o r e  was d e v i s e d .  Th i s  s c o r e  i s  c a l c u l a t e d  

f o r  a g iven c o l o r  by coun t ing  + ; . z  number of t imes  it i s  c a l l e d  

" r e d "  (NR) , t h e  number of t imes  it i s  c a l l e d  "amber o r  yel low" 

(N ) , t h e  number of t imes  it i s  c a l l e d  " b l u e  o r  g reen"  ( N B )  , and 
A 

t h e  number of t imes  i t  i s  c a l l e d  "whi te"  ( N w ) .  The s t a t i s t i c  i s  

t h e n  computed accord ing  t o  t h e  fo l lowing  e q u a t i o n :  

CNC Score  = 
( N R  + NA + NB t N ) W 

Thus, i f  a  c o l o r  were c a l l e d  " r e d "  f i v e  t imes  and n o t  c a l l e d  any 

o t h e r  name, i t s  CNC s c o r e  would be:  

On t h e  o t h e r  hand,  i f  t h i s  c o l o r  were c a l l e d  " r e d "  twice  and t h e  

o t h e r  t h r e e  names once each ,  i t s  CNC s c o r e  would be: 

N o t i c e ,  t h i s  s t a t i s t i c  does n o t  i n d i c a t e  which c o l o r  name i s  

use?; r a t h e r ,  it i n d i c a t e s  how many d i f f e r e n t  c o l o r  names a r e  

US ~ d .  

CNC s c o r e s  were c a l c u l a t e d  f o r  each c o l o r  under  each unique 

combinat ion of  s u b j e c t s  and o t h e r  exper imenta l  v a r i a b l e s .  These 

d a t a  were s u b j e c t e d  t o  an a n a l y s i s  of v a r i a n c e ,  t h e  r e s u l t s  of 



which a r e  shown i n  Table 6.13. In  t h e  t a b l e ,  t h e  v a r i a b l e  

"v i s ion  type" r e f e r s  t o  whether a  s u b j e c t  was p ro tano id ,  deu te r -  

anoid ,  o r  t r i chromat ic ,and  "co lo r "  r e f e r s  t o  t h e  2 6  co lo r s  pre- 

sented.  The v a r i a b l e  ncomparison" needs an explanat ion.  T h i s  

v a r i a b l e  has t h r e e  ca t ego r i e s :  ca tegory 1 inc ludes  only those  

c o l o r s  which were presented a t  t h e  s u b j e c t ' s  l e f t  dur ing 5 s ec  
. . 

I S 1  t r i a l s ;  category 2 inc ludes  only t h e  co lo r s  presenteii  zt rA:s 

r i g h t  dur ing 5 sec  I S I  t r i a l s ;  and category 3 inc ludes  c s l o r s  

presented on both s i d e s  dur ing 0 sec  I S 1  t r i a l s .  Colors i n  

category 1 had t o  be remembered f o r  f i v e  seconds and then com- 

pared with a  second co lo r  j u s t  p r i o r  t o  being named aloud. 

Colors i n  category 2 had t o  be compared, j u s t  p r i o r  t o  being 

named a loud,  with t h e  memory of a  c o l o r  presented f i v e  seconds 

e a r l i e r .  Colors i n  category 3  were compared with a  simultane- 

ously  presented co lo r  j u s t  p r i o r  t o  being named. Thus, t h i s  

v a r i a b l e  r ep re sen t s  d i f f e r e n t  condi t ions  of comparison between 

co lo r s .  The " p r a c t i c e "  v a r i a b l e  has two ca t ego r i e s .  For a  given 

s e t  of cond i t i ons ,  ca tegory 1 i s  the  f i r s t  t ime a  c o l o r  was pre-  

sen ted  t o  a  s u b j e c t  as  a  member of a  p a r t i c u l a r  co lo r  p a i r  and 

category 2 i s  t h e  second time a s  a  member of t he  same co lo r  p a i r .  

(The two occurrences of a  co lo r  p a i r  under t h e  same condi t ions  

occurred a t  l e a s t  one day a p a r t .  See Table 6 . 1 1 . )  

Inspec t ion  of Table 6.13 shows two s i g n i f i c a n t  main e f f e c t s  

and two s i g n i f i c a n t  i n t e r a c t i o n s ,  The s i g n i f i c a n t  three-way 

i n t e r a c t i o n  between c o l o r ,  comparison and v i s i o n  type i s  too  com- 

plex t o  allow a  d e t a i l e d  d i s cus s ion ,  e s p e c i a l l y  s i n c e  t h e  v a r i -  

a b l e  "co lor"  has 2 6  l e v e l s ,  However, some idea  of t h e  i n t e r -  

a c t i on  can be gained by inspec t ion  of Tables 6 . 1 4  and 6.15. 

In  Table 6 . 1 4 ,  t he  co lo r s  a r e  grouped by t h e i r  commonly used 

names and a  mean CNC score  i s  used t o  r ep re sen t  t h e  e n t i r e  group. 

The t a b l e  shows t h a t  t r i chromats  c o n s i s t e n t l y  named most of t he  

c o l o r s ,  bu t  somewhat i n c o n s i s t e n t l y  named t h e  greenish-yellows 

and whi tes  when two co lo r s  were viewed simultaneously (compari- 



TABLE 6.13. Main s t u d y  Analysis of Variance on Color Naming 
Consistency. 

Vision Type (E) 

Error Term 

A X E  

Error Term - - -  - - - - - - - -  - - - - -  
Comparison ( B )  

B x E  

Error Term - - -  - - - -  - - - -  - - - - - 
A x B  

A x B x E  

Error Term - - -  - - - -  - - - - - - - - -  
Practice (C) 

C x E  

Error Term - - -  - - - -  - - - -  - - - - -  
A x C 

A x C x E  

Error Term - - -  - - - -  - - - -  - - - - -  
B x C  

B x C x E  

Error Term - - -  - - - - - - - - - - - - - 
A x B x C  

A x B x C x E  

Error Term 



TABLE 6.14. Maic S tudy  Mean CNC Score as a F u n c t i o n  of  V i s i o n  
Type and Comparison Ca tego ry  f o r  Each C o l o r  Group. 

Co lo r  Group* 

Reds 

Arnbers 

Green ish-  
Yellows 

Whites 

8 iue-Greens  

T r i c h r o m a t s  

Comparison 
Category  

D e u t e r a n o i d s  

Comparison 

P r o t a n o i d s  

Comparisan 
Ca t e  gory 

1 
I 2 3 

. 93  . 9 4  . 8C  

. 7 5  . 9 1  .7C 

Whites=W l l &  WZ1, and Blue-Greens=Gll, GZ1, BG11-BG13' BG2 1- 

TASLE 6.15.  Main S tudy  Yean CNC S c o r e  a s  a F u n c t i o n  of  V i s i o n  Type 
and Comparison Ca tego ry  f o r  Two L e v e l s  o f  C o l o r  P u r i t y .  

L e a s t  Pure=R 1 5 1  A12t GY151 Will W Z l l  BG13' B G 2 4 1  and BG33,  

C o l o r  P u r i t y *  

Pu re  

L e a s t  P u r e  

T r i c h r o m a t s  

Compa rism 
Category  

1 2 3 

1.00 1 .00  1 .00  

. 9 5  1 . 0 0  .90 

D e u t e r a n o i d s  

Comparison 
Ca tego ry  

1 2 3 

. 9 6  .94 . 95  

. 9 2  .80 .74 

P r o t a n o i d s  

Comparison 
Ca tego ry  

1 2 3 

. 9 6  .99 .94 

- 9 0  . 9 1  , 8 7  



son category 3 ) ,  Deuteranoids in general were least consistent 

in their color naming responses. They showed some decrement in 

performance for the greenish-yellows and whites when those colors 

were being compared to the memory of a color seen 5 sec previously 

(comparison category 2). Furth*~rmore, they were least consistent 

in naming the greenish-yellows - . ~ d  whites on those trials when two 

colors were simultaneously viewe< (comparison category 3). The 

protanoids were least consistent in naming the ambers and whites 

either when two colors were simultaneously viewed (comparison 

category 3 ) ,  or when the color being named had been seen 5 sec 

previously (comparison category 1) . 
Table 6.15 shows another aspect of the three-way interaction. 

In this table, 16 of the stimulus colors are grouped by their 

purity. A mean CNC score is used to represent the 8 pure colors, 

and the 8 most desaturated colors, The table shows that the pure 

colors were fairly consistently named by all subjects. The least 

pure colors, however, showed varying decrements across the com- 

parison categories for the three vision types. The least con- 

sistent naming performance was given by the deuteranoids when 

they were viewing two simultaneously presented colors. 

The significant two-way interaction between color and prac- 

tice is shown in Table 6.16. The most obvious trend in the 

table is that, on the whole, the more pure a color, the smaller 

the change over practice in how consistently it was named, 

One of the significant main effects shown in the analysis 

of variance was comparison. The mean CNC score for category 1 

(colors at subject's left, 5 sec ISI) was 0.96; for category 2 

(colors at subject's right, 5 sec ISI) was 0.95; and for category 

3 (both sides combined, 0 sec ISIj was 0.91. The Newman-Keuls 

procedure (Winer, 1962, p .  85) was used to test these means and 

showed that comparison category 3 was significantly smaller than 



TABLE 6 . 1 6 .  Main S tudy  I n t e r a c t i o n  of C o l o r  and P r a c t i c e  i n  
Naming C o n s i s t e n c y .  



c a t e g o r y  1 (q  = 8 . 2 3 ,  ac .01)  , c a t e g o r y  3 was a l s o  s i g n i f i -  
3 ,6  

c a n t l y  s m a l l e r  than  c a t e g o r y  2 ( q  = 6.49,  a < . 0 1 ) ,  and c a t e g o r i e s  
2 , 6  

1 and 2 were n o t  d i f f e r e n t  from each o t h e r  ( q  = 1 . 7 4 ) .  I n  o t h e r  
2 , 6  

words,  t h i s  main e f f e c t  was p r i m a r i l y  due t o  a  d i f f e r e n c e  between 

t h e  5 s e c  I S 1  c a s e  and t h e  0 s e c  I S 1  case - - the  d i f f e r e n c e  between 

naming a  c o l o r  a f t e r  viewing two c o l o r s  s e q u e n t i a l l y  and naming a  

c o l o r  a f t e r  viewing them s i m u l t a r e o u s l y .  Combining t h e  s c o r e s  f o r  

comparison c a t e g o r i e s  1 and 2 shows t h a t  s u b j e c t s  named c o l o r s  more 

c o n s i s t e n t l y  under  t h e  5 s e c  IS1  c o n d i t i o n  (mean CNC s c o r e  = 0.96) 

t h a n  t h e y  d i d  under t h e  0 s e c  IS1  c o n d i t i o n  (mean s c o r e  = 0 . 9 1 ) .  

The remaining s i g n i f i c a n t  main e f f e c t  i n  t h e  a n a l y s i s  of 

v a r i a n c e  was c o l o r .  Table  6.16 shows t h e  o v e r a l l  mean CNC s c o r e  

f o r  each c o l o r .  I n  g e n e r a l ,  t h e  g reens  and b lue -g reens  were 

named t h e  most c o n s i s t e n t l y ,  t h e  r e d s  n e x t  most c o n s i s t e n t l y ,  t h e  

ambers and g reen i sh -ye l lows  n e x t ,  and t h e  w h i t e s  were named l e a s t  

c o n s i s t e n t l y .  However, t h e  Newman-Keuls procedure  f a i l e d  t o  show 

any s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c o l o r s  a t  t h e  a < . 0 1  l e v e l ,  

even though t h e  F - r a t i o  ( a  more powerful  t e s t )  was s i g n i f i c a n t .  

The o v e r a l l  mean CNC s c o r e  f o r  t r i c h r o m a t s  was 0 . 9 8 .  Deuter- 

ano ids  had an o v e r a l l  mean s c o r e  of 0.90, and p r o t a n o i d s  had a  

mean of  0.95. These means were n o t  s t a t i s t i c a l l y  d i f f e r e n t  from 

each o t h e r ,  however, a s  i n d i c a t e d  i n  Table  6.13. P r a c t i c e  was 

a l s o  a  n o n s i g n i f i c a n t  v a r i a b l e .  The o v e r a l l  mean CNC s c o r e  e a r l y  

i n  p r a c t i c e  was 0 .94 ,  w h i l e  t h e  mean s c o r e  l a t e  i n  p r a c t i c e  was 

a l s o  0 . 9 4 .  

I n  Tab le  6 .13  t h e  r e l a t i v e  e f f e c t  of each v a r i a b l e  i s  shown 

in t h e  column t i t l e d  " 8  T o t a l  Var iance . "  Numbers i n  t h i s  column 

i n d i c a t e  t h e  pe rcen tage  of experiment-wide d a t a  v a r i a n c e  a t t r i -  

b u t a b l e  t o  t h e  cor respond ing  main e f f e c t s ,  i n t e r a c t i o n s ,  o r  e r r o r  

te rms.  Thus, w e  s e e  t h a t  even though "comparison" was a  



s t a t i s t i c a l l y  s i g n i f i c a n t  main e f f e c t ,  it accoun ted  f o r  o n l y  

2 . 1 %  of  t h e  d a t a  v a r i a n c e ,  and was t h e r e f o r e  n o t  a  p r a c t i c a l l y  

s i g n i f i c a n t  main e f f e c t .  S i m i l a r l y ,  t h e  c o l o r  x p r a c t i c e  i n t e r -  

a c t i o n  accoun ted  f o r  o n l y  3 .3% o f  t h e  d a t a  v a r i a n c e ,  and was 

t h e r f o r e  n o t  of  g r e a t  p r a c t i c a l  s i g n i f i c a n c e .  

Co lo r  was s t a t i s t i c a l l y  s i g n i f i c a n t  and accoun ted  f o r  li.3k 

of  t h e  d a t a  v a r i a n c e .  I n  a d d i t i o n ,  t h e  s i g n i f i c a n t  c o l o r  x  

comparison x  v i s i o n  t y p e  i n t e r a c t i o n  accoun ted  f o r  9 . 8 %  of  t h e  

d a t a  v a r i a n c e .  These two v a r i a b l e s  t o g e t h e r  i n d i c a t e  a r ea son-  

a b l e  s e l e c t i o n  of e x p e r i m e n t a l  s t i m u l i ,  s i n c e  t h e  s u b j e c t s  

responded  d i f f e r e n t i a l l y  t o  t h e  v a r i o u s  c o l o r s  under  t h e  v a r i o u s  

c o n d i t i o n s  of naming. 

A n a l y s i s  of S i m i i a r i t y - R a t i n g  Data .  Turn ing  o u r  a t t e n t i o n  

now t o  p a i r s  of c o l o r s ,  Tab le  6.17 shows t h e  r e s u l t s  f rom an 

a n a l y s i s  of  v a r i a n c e  based  on t h e  s i m i l a r i t y  r a t i n g s .  ( R e c a l l  

t h e  s u b j e c t s  had t o  r a t e  t h e  s i m i l a r i t y  of t h e  two c o l o r s  i n  a  

p a i r  on a  5 - p o i n t  s c a l e ,  w i t h  " 5 "  meaning " t h e  same o r  n e a r l y  

t h e  same." )  The v a r i a b l e s  " v i s i o n  t y p e "  and " p r a c t i c e "  a r e  t h e  

same a s  i n  t h e  p r e v i o u s  a n a l y s i s  of  v a r i a n c e .  "Co lo r  p a i r s "  

r e f e r s  t o  t h e  82  p a i r s  of  c o l o r s  which made up t h e  t e s t  l i s t s ,  

and " i n t e r s t i m u l u s  i n t e r v a l "  r e f e r s  t o  t h e  0  s e c  I S 1  and 5  s e c  

I S 1  c o n d i t i o n s  d i s c u s s e d  p r e v i o u s l y .  

The o v e r a l l  mean s i m i l a r i t y  r a t i n g s  g i v e n  by t h e  t r i c h r o -  

m a t s ,  d e u t e r a n o i d s ,  and p r o t a n o i d s  were 2 . 5 ,  2 . 7 ,  and 3 . 6 ,  

r e s p e c t i v e l y .  These means were 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  from 

each  o t h e r .  P r a c t i c e  and i n t e r s t i m u l u s  i n t e r v a l  were a l s o  non- 

s i g n i f i c a n t  e f f e c t s .  The o v e r a l l  mean s i m i l a r i t y  r a t i n g  g i v e n  

e a r l y  i n  p r a c t i c e  was 3 . 0 ,  and l a t e  i n  p r a c t i c e  was 2 .9 .  The 

o v e r a l l  mean s i m i l a r i t y  r a t i n g  on t r i a l s  w i t h  0  s e c  I S 1  was 2 . 8 ,  

and on t r i a l s  w i t h  5 s e c  I S 1  was 3 .0 .  

I n  Tab le  6 .17  t h e  o n l y  s i g n i f i c a n t  main e f f e c t  was c o l o r  p a i r ,  

and t h e  o n l y  s i g n i f i c a n t  i n t e r a c t i o n s  were c o l o r  p a i r  x v i s i o n  t y p e  



TABLE 6 . 1 7 .  Main S tudy  ~ n a l y s i s  o f  V a r i a n c e  on C o l o r  
S i m i l a r i t y  R a t i n g s .  

V i s i o n  Type ( E )  

C o l o r  P a i r  ( A )  

A X E  

E r r o r  T e r m  - - - - - - - - - - - - - -  - - - - - -  - - -  - - -  

B x E  

E r r o r  Term - - - - - - - - - - - - - -  - - - - - - - - - - - -  
A x B  

A x B x E  

E r r o r  T e r m  - - - - - - - - - - - - - -  - - - - - -  - - -  - - -  
p r a c t i c e  ( C )  

C x E  

E r r o r  T e r m  - - -  - - -  - - -  

A x  C 

A x C x E  

E r r o r  Term - - - - - - - - - - - - - -  - - -  - - -  - - - - - -  
B x C  

S x C x E  

Zrror Term 
- - - - - - - - - - - - - -  - - -  - - - - - - 

A x B x C  

A x B x C x E  

E r r o r  T e r m  



and c o l o r  p a i r  x  i n t e r s t i m u l u s  i n t e r v a l .  S i n c e  a l l  t h r e e  s i g -  

n i f i c a n t  e f f e c t s  i n v o l v e  t h e  8 2 - l e v e l  c o l o r  p a i r  v a r i a b l e ,  a  

d e t a i l e d  e x p l o r a t i o n  o f  t h e  n a t u r e  of  t h e s e  e f f e c t s  i s  n o t  f e a s -  

i b l e .  However, two o b s e r v a t i o n s  can  b e  made. One i s  t h a t  

a l t h o u g h  t h e  c o l o r  p a i r  x i n t e r s t i m u l u s  i n t e r v a l  i n t e r a c t i o n  was 

s t a t i s t i c a l l y  s i g n i f i c a n t ,  i t  accoun ted  f o r  o n l y  1 . 4 %  of  the d a t a  

v a r i a n c e  and i s  t h e r e f o r e  n o t  of  p r a c t i c a l  s i g n i f i c a n c e .  The 

o t h e r  o b s e r v a t i o n  i s  t h a t  t h e  s i g n i f i c a n t  main e f f e c t  of c o l o r  

p a i r  and t h e  s i g n i f i c a n t  i n t e r a c t i o n  o f  c o l o r  p a i r  x  v i s i o n  t y p e  

r e i n f o r c e  t h e  p r e v i o u s l y  s t a t e d  c o n t e n t i o n  t h a t  a  r e a s o n a b l e  

s e l e c t i o n  of  e x p e r i m e n t a l  s t i m u l i  was made, s i n c e  t h e  s u b j e c t i v e  

s i m i l a r i t y  between c o l o r s  v a r i e d  a s  a  f u n c t i o n  o f  c o l o r s  and 

o b s e r v e r s .  

The mean s i m i l a r i t y  r a t i n g s  f o r  each  c o l o r  p a i r  a r e  shown 

i n  T a b l e s  6 . 1 8 ,  6 . 1 9  and 6 . 2 0  a s  judged by t h e  t r i c n r o m a t s ,  

d e u t e r a n o i d s  and p r o t a n o i d s ,  r e s p e c t i v e l y .  I n  t h e s e  t a b l e s ,  

t h e  mean s i m i l a r i t y  r a t i n g s  were o b t a i n e d  by combining t h e  d a t a  

a c r o s s  s u b j e c t s  w i t h i n  v i s i o n  t y p e  and a c r o s s  a l l  f o u r  occu r -  

r e n c e s  o f  each  c o l o r  p a i r .  

Those c o l o r s  which were p a i r e d  w i t h  t hemse lves  a s  check 

i t e m s  ( R l 4 1  A l l ,  GY13t 1911 G211 and BG23) r e c e i v e d  an o v e r a l l  

combined mean s i m i l a r i t y  r a t i n g  of  4 . 9 ,  i n d i c a t i n g  t h a t  t h e  

equipment  and s u b j e c t s  were g e n e r a l l y  c o n s i s t e n t .  

I n  T a b l e  6 . 2 1  t h e  c o l o r s  a r e  combined i n t o  f i v e  major  

groups  w i t h  t h e  mean s i m i l a r i t y  r a t i n g s  between t h e s e  groups  

shown f o r  t r i c h r o m a t s .  The same i n f o r m a t i o n  i s  shown f o r  t h e  

d e u t e r a n o i d s  and p r o t a n o i d s  i n  T a b l e s  6 .22  and 6 . 2 3 ,  r e s p e c -  

t i v e l y .  For  a l l  t h r e e  v i s i o n  t y p e s ,  t h e  l e a s t  s i m i l a r  c o l o r  

groups  a r e  r e d s  and b l u e - g r e e n s ,  and i n  a d d i t i o n  f o r  t h e  pro-  

t a n o i d s ,  t h e  ambers and b l u e - g r e e n s .  The w h i t e s  and g r e e n i s h -  

y e l l o w s  a r e  t h e  most s i m i l a r  c o l o r  groups  f o r  a l l  t h r e e  v i s i o n  

t y p e s ,  w i t h  t h e  ambers and g r e e n i s h - y e l l o w s  a l s o  t h e  most s i m i -  

l a r  f o r  p r o t a n o i d s  and d e u t e r a n o i d s .  

287 
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TABLE 6.21. Main Study Mean Similarity Ratings 
Between Color Groups for Trichromats. 

*Reds=Rll-R15; Arnbers=All, A12 ; Greenish- 

Color 
Group 

Reds* 

M e r s  

Gseenish- 
Yellows 

Whites 

TABLE 6.22. Main Study Mean Similarity Ratings 
Between Color Groups for Deuteranoids. 

*Reds=Rll-R15; Ambers=All, A12; Greenish- 

2 . 0  

Greenish- 
  el lows 

1.5 

2.2 

I 

Whites 

1.8 

1.9 

Blue- 
Greens 

1.2 

3 . 3  

i 
2.6 1.5 

1.9 



TABLE 6.23. Main Study Mean Similarity Ratings 
Between Color Groups for Protanoids. 

*Reds=Rll-R15 ; Ambers=Al1, A12; Greenish- 

Y ~ ~ ~ O W S = G Y ~ ~ - G Y ~ ~ ;  Whites=Wll, WZ1: Blue-Greens=G 11' 

G21, BGll-BGL3, BG21-BG24, and BG31-BG33. 



C o r r e l a t i o n s  Uctwecn S i m i l a r i t y  R a t i n g s  and D i s t a n c e s  

Between C o l o r s .  The d i s t a n c e  between t h e  two c o l o r s  i n  a  p a i r  

was c a l c u l a t e d  f o r  each  c o l o r  p a i r  and t h e n  c o r r e l a t e d  w i t h  t h e  

g i v e n  s i m i l a r i t y  r a t i n g s  f o r  each  c o l o r  p a i r .  The d i s t a n c e  was 

c a l c u l a t e d  s e p a r a t e l y  f o r  each  o f  f i v e  " d i m e n s i o n s , "  d e f i n e d  a s  

f o l l o w s  : 

1. UV=the g e o m e t r i c  d i s t a n c e  between t h e  c h r o m a t i c i t y  

p o i n t s  of  two c o l o r s  when t h e y  a r e  p l o t t e d  i n  t h e  1960 C I E -  

Uniform C h r o m a t i c i t y  S c a l e  (1960 CIE-UCS). T h i s  c h r o m a t i c i t y  

a i ag ram i s  a  t r a n s f o r m a t i o n  o f  t h e  1331  C I E  d iagram i n  which 

d i s t a n c e s  between p o i n t s  a r e  based  on p e r c e i v e d  ( p s y c h o l o g i c a l )  

d i f f e r e n c e s .  C h r o m a t i c i t y  c o o r d i n a t e s  i n  t h i s  sys t em a r e  u  and v ,  
4x 

and t h e  t r a n s f o r m a t i o n  from t h e  1931 sys t em i s  u = - ~ ~ + ~ ~ ~ + ~  , 

2 .  WD=the d i s t a n c e  between t h e  c h r o m a t i c i t y  p o i n t s  o f  two 

c o l o r s  when t h e y  a r e  e x p r e s s e d  i n  terms of  t h e  d i c h r o m a t i c  coo r -  

d i n a t e s  f o r  d e u t e r a n o p i c  o b s e r v e r s  proposed  by Judd ( 1 9 4 8 ) .  The 

d i c h r o m a t i c  c o o r d i n a t e s  f o r  d e u t e r a n o p i c  o b s e r v e r s  a r e  wd and k d ,  
Y 

and t h e  t r a n s f o r m a t i o n  from t h e  1931 C I E  sys t em i s  wd=l_,, kd=l-wd. 

The d i s t a n c e  i s  c a l c u l a t e d  by t a k i n g  t h e  a b s o l u t e  d i f f e r e n c e  

between t h e  wd v a l u e s  f o r  t h e  two c o l o r s .  ( S i n c e  wd+kd=l,  o n l y  

wd v a l u e s  need b e  u s e d , )  

3.  WP=the d i s t a n c e  f o r  p r o t a n o p i c  o b s e r v e r s ,  ana logous  t o  

t h e  WD d i s t a n c e .  The c o o r d i n a t e s  i n  t h i s  sys t em a r e  wp and k p ,  

and t h e  t r a n s f o r m a t i o n  from t h e  1931 C I E  sys t em i s  - 

W = -U.561x+1.258y+0.101 =l-w 
p - 1 . 5 6 1 ~ + 0 . 2 5 8 y + 1 . 1 0 1 ~  p  The d i s t a n c e  i s  c a l c u l a t e d  by 

P ' 
t a k i n g  t h e  a b s o l u t e  d i f f e r e n c e  between t h e  w v a l u e s  f o r  t h e  two 

P 
c o l o r s .  ( S i n c e  w +k =1, o n l y  w v a l u e s  need- be  used .  ) 

P P  P  
4 .  PE=the d i s t a n c e  between t h e  two c o l o r s  i n  terms of  

e x c i t a t i o n  p u r i t y  (P ) w i t h  r e s p e c t  t o  Source  A. The d i s t a n c e  
e 

i s  c a l c u l a t e d  by t a k i n g  t h e  a b s o l u t e  d i f f e r e n c e  between t h e  P 
e  

v a l u e s  f o r  t h e  two c o l o r s .  



5 .  LD=the d i s t a n c e  between two c o l o r s  i n  t e rms  o f  domi- 

n a n t  wavelength  ( A D ) .  The d i s t a n c e  i s  c a l c u l a t e d  by t a k i n g  t h e  

a b s o l u t e  d i f f e r e n c e  between t h e  X v a l u e s  f o r  t h e  two c o l o r s .  
D 

T a b l e  6 . 2 4  shows t h e  c o r r e l a t i o n s  between s u b j e c t s '  s i m i -  

l a r i t y  r a t i n g s  and t h e  d i s ta3 ,cc  measures  e x p l a i n e d  above. Only 

d a t a  from t h e  9 s e c  IS1 c o n d i t i , ~ n  was used  f o r  t h e s e  c o r r e l a -  

t i o n s ,  s i n c e  t h i s  i s  t h e  c o n d i t i o n  where t h e  two c o l o r s  were 

p r e s e n t e d  s i m u l t a n e o u s l y .  (The d i s t a n c e  between one c o l o r  which 

i s  immedia te ly  v i s i b l e  and a n o t h e r  c o l o r  which h a s  been remem- 

b e r e d  f o r  f i v e  s econds  a s  i s  t h e  c a s e  f o r  t h e  5 s e c  IS1 condi -  

t i o n ,  i s  a  less r e p r e s e n t a t i v e  i n d e x  o f  t h e  c o n f u s a b i l i t y  o f  

t h e  two c o l o r s . )  The v a r i o u s  d i s t a n c e  measures  i n  T a b l e  6 . 2 4  

a r e  n o t  i n d e p e n d e n t ,  T h e i r  i n t e r c o r r e l a t i o n s  a r e  shown i n  

T a b l e  6 . 2 5 .  

The t r i c h r o m a t s '  s i m i l a r i t y  r a t i n g s  show t h e  h i g h e s t  c o r -  

r e l a t i o n s  w i t h  UV and LD. (UV and LD a r e  c o r r e l a t e d  . 8 4  a s  

shown i n  T a b l e  6 . 2 5 . )  Thus,  t h e  s i m i l a r i t y  r a t i n g s  g i v e n  by 

t h e  t r i c h r o m a t s  a r e  r e l a t e d  t o  t h e  g e o m e t r i c  d i s t a n c e s  between 

c o l o r s  a s  p l o t t e d  on t h e  1 9 6 0  CIE-UCS c h r o m a t i c i t y  diagram. 

D e u t e r a n o i d s  a l s o  show t h e i r  h i g h e s t  c o r r e l a t i o n s  t o  be  

w i t h  UV and L D ,  w h i l e  t h e  p r o t a n o i d s  show two d i f f e r e n t  c o r r e l a -  

t i o n  p a t t e r n s .  The s i m i l a r i t y  r a t i n g s  g i v e n  by p r o t a n o i d  sub- 

j e c t  number 1 c o r r e l a t e  b e s t  w i t h  WP and n e a r l y  as  w e l l  w i t h  W D .  

R a t i n g s  from t h e  o t h e r  p r o t a n o i d  s u b j e c t  c o r r e l a t e  b e s t  w i t h  UV 

and LD, b u t  WP and WD were n o t  much d i f f e r e n t .  

I t  was e x p e c t e d  t h a t  t r i c h r o m a t s  would c o r r e l a t e  b e s t  w i t h  

:-V, 2 .eu te rano ids  b e s t  w i t h  WD,  and p r o t a n o i d s  b e s t  w i t h  WP, 

s i n c e  UV,  WD and WP r e p r e s e n t  t h e i r  t h r e e  c o l o r  s p a c e s ,  r e s p e c -  

t i v e l y .  The f a c t  t h a t  t h e  d e u t e r a n o i d s  d i d  n o t  show t h i s  p a t -  

t e r n  c o u l d  b e  due t o  s e v e r a l  f a c t o r s .  

One p o s s i b i l i t y  i s  t h a t  s u b j e c t s  were n o t  c o n s i s t e n t l y  u s i n g  

t h e  s i m i l a r i t y  r a t i n g  s c a l e ,  b u t  t h e  g e n e r a l l y  h igh  c o r r e l a t i o n s  



TABLE 6.24. Main Study Correlations Between Similarity 
Zatings and Distances Between Colors for 
the 0 sec IS1 Condition. 

Trichromat 

Deuteranoid 

Protanoid 

*Correlations are negative because the greater the 

distance between colors, the lower the similarity rati~g. 

TABLE 6.25. Main Study ~ntercorrelations 
Between Distance Measures. 



with UV indicate the reverse. Another possibility is that 

because WD and WP are not based on psychological distances, 

while UV is, the correlations with UV are higher. A third 

possibility is that not all of the color-blind subjects were 

true dichromats. 

The Dvorine Pseudo-Isocbro~atic Plates used to classify 

subjects may not distinguish between severely anomalous trichro- 

mats and true dichromats. Thus, the deuteranoid subjects may 

have been true deuteranopes (dichromats), or they may have been 

severely deuteranomaLous trichromats (near-dichromats). If these 

subjects were, in fact, near-dichromats, then they would exhibit 

some features of both trichromatic and dichromatic vision. (Since 

they were at least severely anomalous, the preponderant vision 

characteristics would be dichromatic, however.) This would 

possibly lead to such a mixture of correlations as obtained in 

Table 6.24, 

The analogous situation would hold for the protanoid sub- 

jects, with one exception. Protanoid subject number 1 was inde- 

pendently diagnosed as a true protanope by means of special 

equipment at the Department of Ophthalmology, University of 

Michigan. (He was the only such subject available at the time 

the experiment was conducted,) This subject was the one who 

showed the expected pattern in Table 6.24. His highest correla- 

tion was with WP, with the next highest being WD, and he showed 

relatively low correlations with UV and LD. 

CONCLUSIOKS AND RECOMMENDATIONS 

SAE COLOR SYSTEM. In the present experiment, SAE red is 

represented by Rll, SAE amber is represented by All, and SAE 

white is represented by both W21 and Wll. Table 6.26 presents 

the mean CNC (Color Naming Consistency) scores for these colors 

as a function of the three vision types. 



TABLE 6 . 2 6 .  blain S tudy  Mean CNC S c o r e s  
f o r  SAE C o l o r s  a s  a  F u n c t i o n  
of  V i s i o n  Type. 

V i s i o n  Type 

T r i c h r o m a t s  

D e u t e r a n o i d s  

P r o t a n o i d s  

A s  shown i n  t h e  t a b l e ,  Rl l  i s  c o n s i s t e n t l y  named by b o t h  

t r i c h r o m a t s  and d e u t e r a n o i d s ,  and n e a r l y  a s  c o n s i s t e n t i y  named 

by t h e  p r o t a n o i d s .  R e f e r r i n g  back t o  T a b l e  6 .12,  we s e e  t h a t  

R l l  was a lways  c a l l e d  " r e d "  by t h e  t r i c h r o m a t s  and d e u t e r a n o i d s ,  

w h i l e  t h e  p r o t a n o i d s  n e a r l y  a lways  c a l l e d  it " r e d "  w i t h  an 

o c c a s i o n a l  "amber o r  y e l l o w . "  Thus ,  SAE r e d  i s  a  s t a b l e  c o l o r  

i n  t h e  s e n s e  t h a t  it i s  c o n s i s t e n t l y  named. 

T a b l e  6 . 2 6  shows t h a t  All  was c o n s i s t e n t l y  named o n l y  by 

t n e  t r i c h r o m a t s .  F u r t h e r m o r e ,  T a b l e  6 . 1 2  shows t h a t  All  was 

c a l l e d  " r e d "  53% o f  t h e  time by t h e  p r o t a n o i d s .  SAE amber ,  

t h e r e f o r e ,  i s  n o t  a  s t a b l e  c o l o r  f o r  d e u t e r a n o i d s  o r  p r o t a n o i d s  

and it i s  more l i k e l y  t o  b e  c a l l e d  " r e d "  t h a n  "amber o r  y e l l o w "  

by t h e  p r o t a n o i d s .  

The two SAE w h i t e s  were  g e n e r a l l y  n o t  c o n s i s t e n t l y  named. 

w 1 1  ( a t  t h e  o r a n g e  b o r d e r  o f  SAE w h i t e )  was c a l l e d  "amber o r  

y e l l o w "  most o f  t h e  time by t r i c h r o m a t s  and d e u t e r a n o i d s .  The 

p r o t a n o i d s  d i v i d e d  t h e i r  r e s p o n s e s  a b o u t  e q u a l l y  between " r e d "  

and " b l u e  o r  g r e e n . "  W21 ( a t  t h e  b l u e  b o r d e r  o f  SAE w h i t e )  on 

t h e  o t h e r  hand was c o n s i s t e n t l y  named " w h i t e "  by t h e  t r i c h r o m a t s .  

The d e u t e r a n o i d s  c a l l e d  it " w h i t e "  7 4 %  o f  t h e  t ime, and t h e  p ro -  

t a n o i d s  a g a i n  s p l i t  t h e i r  r e s p o n s e s  f a i r l y  e v e n l y  between " r e d "  

and " b l u e  o r  g r e e n . "  However, t h e  p r o t a n o i d s  c a l l e d  W21 " w h i t e "  



18% of  t h e  time t o  6 %  f o r  Wll. Thus,  SAE w h i t e  i s  g e n e r a l l y  n o t  

a  s t a b l e  c o l o r  i n  t h e  naming s e n s e ,  b u t  t h e  b l u e r  end o f  SAE 

w h i t e  a p p e a r s  t o  b e  more s t a b l e  and t o  be  c a l l e d  "wh i t e "  a  

g r e a t e r  p e r c e n t a g e  o f  t h e  time. 

To summarize,  i n  t e rms  of  t h e  naming d a t a  SAE r e d  i s  t h e  

o n l y  "good" c o l o r  i n  t h e  SAE sy : tem f o r  a l l  s u b j e c t s ,  SAE amber 

i s  "good" o n l y  f o r  t r i c h r o m a t s ,  and SAE w h i t e  i s  g e n e r a l l y  n o t  

"good" f o r  any o f  t h e  s u b j e c t s .  However, t h e  b l u i s h  SAE w h i t e s  

a r e  "good" f o r  t r i c h r o m a t s  and a r e  b e t t e r  t h a n  t h e  o range  SAE 

w h i t e s  f o r  t h e  c o l o r - b l i n d  s u b j e c t s .  

The SAE c o l o r s  can  a l s o  b e  e v a l u a t e d  i n  terms of  t h e  s i m i -  

l a r i t y  r a t i n g  d a t a .  R e f e r r i n g  back t o  Tab le  6 . 1 8 ,  t r i c h r o m a t s  

gave  a  mean s i m i l a r i t y  r a t i n g  o f  1 .9  f o r  SAE r e d  and SAE amber. 

Al though SAE r e d  and w h i t e  were n o t  d i r e c t l y  compared i n  t h e  

e x p e r i m e n t ,  t h e  p a t t e r n  o f  r a t i n g s  f o r  SAE w h i t e  and t h e  d e s a t u r -  

a t e d  SAE r e d  l e a d s  t o  t h e  e x p e c t a t i o n  t h a t  SAE r e d  and w h i t e  

would r e c e i v e  a  s i m i l a r i t y  r a t i n g  from t h e  t r i c h r o m a t s  o f  no 

g r e a t e r  t h a n  1 .5 .  SAE amber and W21 ( a t  t h e  b l u e  b o r d e r  of  SAE 

w h i t e )  r e c e i v e d  a  mean s i m i l a r i t y  r a t i n g  o f  2 . 0  from t h e  t r i c h r o -  

m a t s ,  b u t  SAE amber was n o t  d i r e c t l y  compared t o  Wl l  ( a t  t h e  

o range  b o r d e r  o f  SAE w h i t e ) .  However, A12, which i s  j u s t  s l i g h t l y  

o u t s i d e  t h e  SAE amber r e g i o n  toward w h i t e ,  was compared w i t h  W l l  

and r e c e i v e d  a  mean r a t i r j  o f  3.3.  Thus,  t r i c h r o m a t s  can  b e  

e x p e c t e d  t o  r a t e  SAE amber and W1, a t  no more t h a n  3 . 3 ,  and no *- 

l e s s  t h a n  2 . 0 .  

Using t h e  same approach  w i t h  T a b l e  6 . 1 9 ,  t h e  d e u t e r a n o i d s  

gave a neaE s i m i l a r i t y  r a t i n g  of  1 . 5  t o  SAE amber and SAE r e d ,  

3.2 estima-:ed r a t i n g  of no more t h a n  1 . 3  t o  SAE w h i t e  and SAE r e d ,  

and a  minimum r a t i n g  o f  1 . 8  t o  SAE amber and w h i t e ,  w i t h  t h e  

e s t i m a t e d  maximum amber t o  w h i t e  r a t i n g  a t  3 .8 .  

S i m i l a r l y ,  T a b l e  6 . 2 0  shows t h a t  p r o t a n o i d s  gave a  mean 

r a t i n g  o f  3 .0  t o  SAE r e d  and amber, an e s t i m a t e d  r a t i n g  of  no 



more t h a n  3 . 4  t o  SAE r e d  and w h i t e ,  and a  minimum r a t i n g  o f  2 . 4 ,  

w i t h  t h e  e s t i m a t e d  maximum a t  3 . 8 ,  t o  SAE amber and w h i t e .  

I n  summary, f o r  b o t h  d e u t e r a n o i d s  and t r i c h r o m a t s  t h e  SAE 

c o l o r s  a r e  a s  f o l l o w s :  1) r e d  and w h i t e  a r e  t h e  l e a s t  s i m i l a r  

and few c o n f u s i o n s  would b e  e x p e c t e d ,  2 )  r e d  and amber a r e  raore 

s i m i l a r  and somewhat more c o n f u s i o n s  would be e x p e c t e d ,  and 

3 )  amber and w h i t e  a r e  t h e  most s i m i i a r  and would b e  c ~ n f u s e d  

t h e  most o f  t h e  s e t .  For  t h e  p r o t a n o i d s ,  a l l  p a i r s  of  SAE c o l o r s  

seem e q u a l l y  c o n f u s a b l e  and many more c o n f u s i o n s  would b e  expec- 

t e d  t h a n  f o r  t h e  o t h e r  v i s i o n  t y p e s .  

I n  g e n e r a l ,  t h e n ,  t h e  weak p o i n t s  i n  t h e  SAE c o l o r  sys t em 

a r e  t h e  a n b e r s  and w h i t e s .  The w h i t e s  a t  t h e  o r a n g e  b o r d e r  o f  

SAE w h i t e  a r e  n o t  c o n s i s t e n t l y  named and t h e y  a r e  t o o  s i m i l a r  

t o  t h e  ambers f o r  a t  l e a s t  p r o t a n o i d s .  The ambers a r e  n o t  con- 

s i s t e n t l y  named by c o l o r - b l i n d  o b s e r v e r s  and a r e  t o o  s i m i l a r  t o  

t h e  r e d s  f o r  p r o t a n o i d s .  

I f  t h e  s u b j e c t s  i n  t h e  p r e s e n t  s t u d y  were i n  f a c t  nea r -  

d i c h r o m a t s ,  t h e n  t h e  s i t u a t i o n  would show t h e  same p a t t e r n ,  b u t  

would b e  more ex t reme f o r  t r u e  d i c h r o m a t s .  SAE ambers ,  r e d s ,  and 

w h i t e s  would a l l  be  c a l l e d  " r e d "  more f r e q u e n t l y ,  and t h e  s i m i -  

l a r i t y  between them would i n c r e a s e .  For  example,  i n s p e c t i o n  o f  

t h e  d a t a  from t h e  known p r o t a n o p e  of t h e  p r e s e n t  s t u d y  r e v e a l e d  

t h a t  he  a lways c a l l e d  SAE amber " r e d "  and n e a r l y  a lways c a l l e d  

Wl l  ' ' r e d "  W21 was an improvement o v e r  Wl l  i n  t h a t  h e  c a l l e d  i t  

" w h i t e "  app rox ima te ly  1 4 %  o f  t h e  time. Fur the rmore ,  t h i s  sub-  

j e c t  gave a  mean s i m i l a r i t y  r a t i n g  o f  4 . 3  t o  r e d  and amber,  an 

e s t i m a t e d  maximum r a t i n g  o f  4 . 3  t o  r e d  and w h i t e ,  and a  minimum 

r a t i n g  o f  3 . 0  w i t h  an e s t i m a t e d  maximum of  4 . 5  t o  amber and w h i t e .  

MODIFICATIONS TO THE SAE COLOR SYSTEM. S e v e r a l  p o s s i b l e  

m o d i f i c a t i o n s  t o  t h e  SAE sys t em were c o n s i d e r e d  i n  t h e  e x p e r i -  

ment.  One m o d i f i c a t i o n  i s  t o  u s e  a d e s a t u r a t e d  amber (Al1) i n  



p l a c e  o f  SAE amber. I n s p e c t i o n  of Table  6 . 1 8  l e a d s  t o  t h e  

e x p e c t a t i o n  t h a t  such an amber would be j u s t  a s  s i m i l a r  t o  SAE 

r e d  a s  i s  SAE amber, and would be more s i m i l a r  t o  SAE w h i t e  t h a n  

i s  SAE amber a s  f a r  a s  t r i c h r o m a t s  a r e  concerned.  Tab les  6 .19 

and 6.20 show e s s e n t i a l l y  t h e  same r e s u l t  f o r  d e u t e r a n o i d s  and 

p r o t a n o i d s .  Thus, t h e  s u b s t i t u t i o n  of a  d e s a t u r a t e d  amber would 

be of no b e n e f i t .  

Another m o d i f i c a t i o n  i s  t o  use  a  d e s a t u r a t e d  r e d  (R12-R15) 
i n  p l a c e  of  SAE r e d .  Table  6 . 1 8  shows t h a t ,  f o r  t r i c h r o m a t s ,  

such a  r e d  would be more s i m i l a r  t o  SAE w h i t e  t h a n  i s  t h e  p r e s e n t  

SAE r e d ,  and it might be more s i m i l a r  t o  SAE amber a s  w e l l .  

E s s e n t i a l l y  t h e  same r e s u l t  i s  p r e d i c t e d  f o r  d e u t e r a n o i d s  and 

p r o t a n o i d s  (Tables  6 .19 and 6 .20)  . However, i t  appears  t h a t  

t h e  most d e s a t u r a t e d  r e d s  (R13-R15) would be l e s s  s i m i l a r  t o  SAE 

amber t h a n  i s  t h e  p r e s e n t  SAE r e d  f o r  t h e  p r o t a n o i d s .  Unfor- 

t u n a t e l y  t h e s e  r e d s  a l s o  would be expected  t o  be very  s i m i l a r  t o  

SAE w h i t e  f o r  t h e  p r o t a n o i d s .  Thus,  it appears  t h a t  t h e  s u b s t i -  

t u t i o n  of a  d e s a t u r a t e d  r e d  would a l s o  be of no b e n e f i t  t o  t h e  

c o l o r - b l i n d  o b s e r v e r s .  

A t h i r d  m o d i f i c a t i o n  i s  t o  r e p l a c e  SAE amber w i t h  a g r e e n i s h -  

yel low ( G Y l l  and G Y 1 2 ) .  Tab le  6 .18 shows t h a t  f o r  t r i c h r o m a t s ,  

g reen i sh -ye l low c o n t r a s t e d  w i t h  SAE amber would be r a t e d  a s  l e s s  

s i m i l a r  t o  SAE r e d  and e q u a l l y  o r  less s i m i l a r  t o  SAE whi te .  

Tab les  6 .19  and 6 .20  shrjw t h e  same r e s u l t  would be  expec ted  f o r  

p r o t a n o i d s  and d e u t e r a n o i d s .  Thus, moving SAE amber i n t o  t h e  

greenish-yel low r e g i o n  would g i v e  some b e n e f i t  t o  a l l  t h r e e  v i s i o n  

t y p e s ,  though l e a s t  t o  t h e  p r o t a n o i d .  

I f  i n  f a c t  t h e  s u b j e c t s  i n  t h e  p r e s e n t  exper iment  were n o t  

t r u e  d ichromats ,  t h e  above c o n c l u s i o n s  would have t o  be a l t e r e d  

on ly  s l i g h t l y  t o  apply  t o  t r u e  d ichromats .  I n  o r d e r  t o  e x p l o r e  

t h i s  t o p i c  i n  more d e t a i l  we need t o  d i g r e s s  b r i e f l y  t o  a d i s -  

c u s s i o n  of  t h e  d i c h r o m a t i c  c o o r d i n a t e  system proposed by Judd 

(1948), a s  mentioned e a r l i e r .  



Recall that in Juddls system, the chromaticity coordinates 

in the 1931 CIE chromaticity diagram for deuteranopic observers 

are wd and kd. These are defined as follows : wd=& and wd+kd=l. 

The first equation, when put in straight-line form, yields 

y=-w-xtw When this equation is plotted on the 1931 CIE chronia- a d* . - 
tlcity diaqram, the result is a family of straight lines, all 2.: 

which intersect at the point x=l, y=O. Four such lines and tneir 

intersection point are shown in Figure 6.13 as the solid lines 

on the C I Z  chromaticity diagram. 

Similariy, recall that in Judd's system the two chromaticicy 

coordinates for protanopic observers are as follows: 

w =  
-0.561~+1.258y+9.:0i and w tk =l. By the same process as above, p -?.561xt0.258y+l. 101 P P 

the first equation when plotted on the 1931 CIE chromaticity 

diagram, results in a family of straight lines which intersect at 

the point x=.747, y=.253. Three such lines and their intersec- 

tion point are shown in Figure 6.13 as dashed lines. 

In this dichromatic coordinate system, any two colors which 

have the same wd value should appear to be identical to a deuter- 

anopic observer when luminance is held constant; and any two 

colors having the same w value should appear to be identical to 
P 

a protanopic observer when luminance remains constant. Thus, in 

Figure 6 .13, all points on the same deuteranopic line should 

appear to be identical to a deuteranopic observer when luminance 

is held constant. Analogously, a protanopic observer should be 

unable to distinguish between any colors on the same protanopic 

line, if they have the same luminance, 

At the border of the chromaticity diagram in Figure 6 '13, 

the protanopic lines are spaced according to the hue discrimina- 

tion capabilities of protanopic observers, and the deuteranopic 

iines are spaced according to the hue discrimination capabilities 

of deuteranopic observers as determined by Pitt c right, 1947, 

Fig. 204). For example, the distance from 516nm to 520nm at 





t h e  b o r d e r  of  t h e  c h r o m a t i c i t y  d iagram r e p r e s e n t s  t h e  l e a s t  change 

i n  wavelength  n e c e s s a r y  f o r  a  d e u t e r a n o p i c  o b s e r v e r  t o  r e p o r t  a  

change i n  h u e ,  s t a r t i n g  w i t h  a  p u r e  c o l o r  a t  516nm. T h e r e f o r e ,  

t h e  zones between a d j a c e n t  d e u t e r a n o p i c  l i n e s  i n  t h e  d iagram a r e  

c o n f u s i o n  zones f o r  d e u t e r a n o p i c  o b s e r v e r s .  C o l o r s  whose chroma- 

t i c i t y  p o i n t s  f a l l  w i t h i n  t h e  same zone s h o u l d  look  t h e  same ~3 

a  d e u t e r a n o p e  when luminance i s  h e l d  c o n s t a n t ,  and c o l o r s  whicn 

a r e  s e p a r a t e d  by a t  l e a s t  a  zone s h o u l d  look  d i f f e r e n t  t o  a  

deu te ranope .  I n  t h e  same f a s h i o n ,  t h e  zones between a d j a c e n t  

p r o t a n o p i c  l i n e s  a r e  c o n f u s i o n  zones f o r  p r o t a n o p i c  o b s e r v e r s ,  and 

c o l o r s  s h o u l d  b e  a t  l e a s t  one zone a p a r t  t o  look  d i f f e r e n t  t o  

p r o t a n o p e s .  

Spac ing  of  t h e  d i c h r o m a t i c  l i n e s  i n  F i g u r e  6 . 1 3  shows t h a t  

i n  t h e  p o r t i o n  o f  t h e  c h r o m a t i c i t y  d iagram c o n t a i n i n g  SAE r e d ,  

amber and w h i t e ,  d e u t e r a n o p i c  o b s e r v e r s  have b e t t e r  d i s c r i m l n a -  

t i o n  t h a n  do p r o t a n o p i c  o b s e r v e r s .  ( I f  t h e  p r o c e s s  used  t o  gen- 

e r a t e  t h e s e  l i n e s  i s  c o n t i n u e d  t o  i n c l u d e  t h e  e n t i r e  chroma- 

t i c i t y  d iagram,  t h e  same s i t u a t i o n  i s  shown t o  be  t r u e  th roughou t  

t h e  v i s i b l e  s p e c t r u m . )  Fu r the rmore ,  F i g u r e  6 . 1 3  shows t h a t  i f  

one c o l o r  i s  l o c a t e d  a t  t h e  r i g h t  b o r d e r  o f  t h e  d iagram ( such  a s  

SAE r e d  o r  SAE a m b e r ) ,  t h e n  a  second  c o l o r  s h o u l d  b e  Located i n  

a  d i r e c t i o n  toward t h e  l e f t  b o r d e r  f o r  b o t h  d e u t e r a n o p e s  and pro-  

t a n o p e s  i n  o r d e r  t o  be  o u t  o f  t h e  c o n f u s i o n  zone of  t h e  f i r s t  c o l o r .  

G e t t i n g  back t o  o u r  e a r l i e r  q u e s t i o n  o f  t h e  i m p l i c a t i o n s  

r e s u l t i n g  i f  t h e  s u b j e c t s  i n  t h e  p r e s e n t  s t u d y  were n o t  a l l  t r u e  

d i c h r o m a t s ,  F i g u r e  6 . 1 3  i n d i c a t e s  w e  can  u s e  t h e  known p r o t a n o p e  

a s  a  " w o r s t  c a s e "  s i t u a t i o n .  M o d i f i c a t i o n s  t o  SAE r e d ,  amber o r  

w h i t e  which a r e  b e n e f i c i a l  t o  t h e  p ro t anope  s h o u l d  a l s o  be  bene- 

f i c i a l  t o  d e u t e r a n o p e s  and t h e  anomalous t r i c h r o m a t s .  

A s  shown i n  t h e  c o r r e l a t i o n a l  a n a l y s i s ,  s i m i l a r i t y  r a t i n g s  

g i v e n  by t h e  known p ro t anope  c o r r e l a t e d  - .70 w i t h  t h e  a b s o l u t e  



differences between w values of colors. From this analysis we 
P 

can predict the protanope's similarity rating for any two colors 

by the following regression equation: x'=-3.9+4.44, where y=the 

absolute difference in w values for the two colors, x'=the 
p 

predicted similarity ratinq, z r :  the standard error of estimate 

for this equation =r0.57. 

With respect to those colors involved in the proposed modi- 

fications to the SAE color system, Table 6.27 presents both 

obtained and predicted (from the above equation) similarity 

ratings for the known protanope. concluded previously, the 

substitution of desaturated amber (Al2) for SAE amber (A ) 
11 

would be of no benefit. The desaturated amber would be essen- 

tially just as confusable with SAE red (Rll) and would probably 

be more similar to SAE white (Wll and WZ1). 

Also as concluded previously, the substitution of desatu- 

rated red (R12-R15) for SAE (Rll) would be of no benefit. As 

the reds become more desaturated, they grow less similar to SAE 

amber, but they also become more similar to SAE white. 

As previously concluded, replacing SAE a~her with greenish- 

yellow (GY and GY12) would not benefit the protanope. Greenish- 11 
yellow would be just as similar to SAE red and white as is SAE 

amber. However, it can h2 concluded that the replacement of SAE 

amber with greenish-yellow probably would not help true dichro- 

mats, but wouid benefit trichromatic and anomalous trichromatic 

observers. 

A final ?,edification to the SAE system, not discussed pre- 

viously, is to move SAE white toward blue, or at least restrict 

SAE white to the bluer half of the present zone. If SAE white 

were redefined so that the orange limit was where the blue limit 

is presently located, then Table 6.27 shows that the protanope 

would rate white as noticeably less similar to both SAE red and 



TABLE 6.27. Main Study Mean Similarity Ratings* for 
Selected Color Pairs as Judged by tlie 
Protanope in the 0 Sec IS1 Condition. 

Color 1 

"Similarity rating scale: "l"=color 1 "not at all 

similar" to color 2; "5"=color 1 "the same or nearly the 

same" as color 2; "2," "3," or "4"=intermediate similarity. 

?Estimated value - see text. 

amber. Taking into account ratings from all the subjects 

(Tables 6.18, 6 .19 and 6 . 2 0 )  , and considering that A12 , is 
just slightly out of the SAE amber region toward white, the com- 

parison of ratings for A and Wll versus A and W21 shows that 12 11 
all observers would rate the "new" white as noticeably less 

similar to SAE red and amber. 

DEFIXITIONS OF NEW COLOR ZONES. 

Greenish-Yellow. If greenish-yellow were substituted for 



SAE amber,  t h e n  t h e  s i m p l e s t  way t o  d e f i n e  i t  ( b a s e d  on t h e  

c o l o r s  u sed  i n  t h e  p r e s e n t  expe r imen t )  i s  t o  move t h e  c o l o r  zone 

from amber and c e n t e r  i t  around GY (570nm) . The r e s u l t i n g  11 
zone i s  d e f i n e d  a s  f o l l o w s :  

r e d  l i m i t :  y ? O .  5 

g r e e n  l i m i t :  y10.58 

White l i m i t :  x t y ? 0 - 9 s  

F i g u r e  6 .14  shows t h e  proposed  g reen i sh -ye l low zone on t h e  1931 

C I E  c h r o m a t i c i t y  diagrarr.,  

Reduced SAE White. I f  SAE w h i t e s  a r e  r e s t r i c t e d  t o  t h e  

b l u e r  p o r t i o n  of  t h e  p r e s e n t  zone,  t h e n  t h e  reduced  SAE w h i t e  

i s  d e f i n e d  a s  f o l l o w s .  

b l u e  l i m i t :  x?O. 4 1  
< y e l l o w  l i m i t :  x-0.45 

<0.25x+0.31 g r e e n  l i m i t :  y- 
P u r p l e  l i m i t :  y l O .  2 5 ~ + 0 . 2 8  

F i g u r e  6 . 1 4  shows t h e  reduced  SAE w h i t e  zone on t h e  1931  C I E  

c h r o m a t i c i t y  diagram. 

Blue-Green. The most l i k e l y  c o n f u s i o n s  w i t h  b lue -g reens  

w i l l  be  SAE w h i t e s .  To l o c a t e  t h e  b lue -g reens  f a r  enough from 

t h e  SAE w h i t e  ( o r  reduced  SAZ w h i t e )  w e  w i l l  a g a i n  u s e  t h e  pro-  

t a n o p e  a s  t h e  " w o r s t  c a s e . "  We w i l l  a l s o  assume t h a t  a  s i m i -  

l a r i t y  r a t i n g  of  3 .5  o r  ?-.gher between b lue -g reen  and t h e  nea r -  

e s t  SAE w h i t e  would be u n d e s i r a b l e .  

Using t5.e same r e g r e s s i o n  e q u a t i o n  p r e v i o u s l y  u s e d ,  two 

c c l o r s  whose w v a l u e s  d i f f e r  by no more t h a n  0 . 2 4  a r e  p r e d i c t e d  
I? 

t o  receive a s i r i l a r i t y  r a t i n g  of  3 .5  o r  h i g h e r  from t h e  pro-  

t anope .  W21 , which r e p r e s e n t s  t h e  n e a r e s t  SAE w h i t e ,  h a s  a  w 
P 

v a l u e  of  0 . 6 5 .  T h e r e f o r e ,  no b lue -g reen  s h o u l d  have a w 
P  

v a l u e  g r e a t e r  t h a n  0 .41 ,  S u b s t i t u t i n g  t h i s  v a l u e  i n  t h e  equa- 

t i o n  which d e f i n e s  w i n  terms of  t h e  t r i c h r o m a t i c  c h r o m a t i c i t y  
P  
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coordinates gives the equation for the green limit of the pro- 

posed blue-green zone as yL-0.07x+0.30. This green limit is 
shown plotted on the 1931 CIE chromaticity diagram in Figure 

6.14. The dashed line in the figure shows that the green limit 

line passes through the protanopic intersection point as it 

should, since it represents a sp-cified w value. 
P 

In a similar fashion, the purple limit for the blue-green 

zone can be estimated by using the results of the correlational 

analysis for trichro~natic subject number 1, In this case the 

purpose is to restrict the size of the blue-green zone so that 

colors within the zone do not appear too dissimilar to each other, 

and in this sense the trichromat is the "worst case." 

As shown in the correlational analysis, trichromatic sub- 

ject 1 gave similarity ratings which correlated -0.80 with the 

geometric distance between colors when they were plotted on the 

1960 CIE UCS chromaticity diagram. From this analysis we can 

predict the trichromat's similarity rating for any two colors 

by the following regression equation: xc=-8.02yt4.26, where 

y=the geometric distance between the colors in the CIE-UCS . 
diagram, x =the predicted similarity rating, and the standard 

error of estimate for this equation is k0.73. 

This time we will consider a similarity rating of 3.5 or 

higher as desirable. Acccrdingly, two colors which are no more 

than 0.10 units apart in the CIE-UCS diagram are predicted to 

receive a similarity rating of 3.5 or higher from the trichromat. 

Using BGZl as the reference point: determining the equation of a 

straight Line on the 1960 CIE-UCS diagram which closely approxi- 

mates the locus of points no more than 0.10 units from BG 21: and 

converting this equation into the 1931 CIE diagram gives the 

following purple limit for the blue-green zone: ~ 2 1 . 4 5 ~ .  

Figure 6 .14 shows this limit on the 1930 CIE chromaticity dia- 

gram. 



PROPOSED COLOR SYSTE:IIS 

SYSTEM 1. The p r e s e n t  SAE sys t em w i t h  t h e  b l u e - g r e e n  zone 

added c o n s t i t u t e  s y s t e m  1. With t h i s  sys t em,  it i s  e x p e c t e d  t h a t  

d i c h r o m a t i c  o b s e r v e r s  w i l l  make numerous c o n f u s i o n s  between SAE 

r e d ,  SAE amber and SAE w h i t e ;  p a r t i c u l a r l y  between r e d  and amber, 

Anomalous t r i c h r o m a t i c  o b s e r v e r s  a r e  a l s o  e x p e c t e d  t o  c c ~ f ~ s t  

red, amber and w h i t e ;  b u t  cor i fus ions  kecween amber ana  w h i t s  a r e  

e x p e c t e a  t o  b e  more numerous. T r i c h r o m a t s  a r e  e x p e c t e d  t o  make 

sone  c o n f u s i o n s  be twee r~  amber and w h i t e .  

SYSTEM 2 .  Syszen  2 i s  t h e  same a s  sys t em 1, e x c e p t  t h e  

r educed  SAE w h i t e  i s  s u b s t i t u t e d  f o r  t h e  p r e s e n t  SAE w h i t e .  

T h i s  sys t em s h o u l d  r e d u c e  t h e  c o n f u s i o n s  between amber and 

w h i t e ,  and between re!: and w h i t e  f o r  a l l  o b s e r v e r s .  

An even  g r e a t e r  im2rovement would r e s u l t  i f  SAX w h i t e  were  

moved f u r t h e r  toward  b l u e .  However, t h i s  would r e q u i r e  lamps 

which bu rn  a t  h i g h e r  c o l o r  t e m p e r a t u r e s .  I t  would a l s o  r e q u i r e  

t h e  b l u e - g r e e n  zone t o  b e  moved d e e p e r  i n t o  t h e  b l u e - - t h e  d i s t a n c e  

moved depend ing  on how f a r  SAE w h i t e  were moved. 

SYSTEM 3. SAE r e d ,  g r e e n i s h - y e l l o w ,  r educed  SAE w h i t e ,  and 

b lue -g reen  make up sys t em 3 .  T h i s  sys t em i s  e x p e c t e d  t o  b e  an 

improvement o v e r  s y s t e m  2 f o r  t r i c h r o m a t s  and anomalous t r i c h r o -  

mats  w i t h  r e s p e c t  t o  red-amber c o n f u s i o n s  and white-amber  con- 

f u s i o n s .  

A b lue -g reen  c o l o r  zone was d e t e r m i n e d  which c o u l d  be added 

t o  t h e  p r e s e n t  SAE c o l o r s  and r e s u l t  i n  few c o n f u s i o n s  due  t o  

t h e  added c o l o r .  I t  was a l s o  shown t h a t  t h e  p r e s e n t  sys t em 

c o u l d  b e  improved by r e s t r i c t i n g  SAE w h i t e s  t o  t h e  b l u e r  p o r t i o n  

of t h e  p r e s e n t  w h i t e  zone o r  by moving SAE w h i t e  f u r t h e r  toward  

b i u e .  Some improvement was a l s o  i n d i c a t e d  by s u b s t i t u t i n g  a  

g r e e n i s h - y e l l o w  i n  p l a c e  o f  SAE amber. These c o n c l u s i o n s  were 



shown t o  apply  t o  c o l o r - b l i n d  a s  w e l l  a s  color-normal  o b s e r v e r s .  

The proposed c o l o r  systems need t o  be t e s t e d  i n  d a y l i g h t  

c o n d i t i o n s  t o  examine t h e  e f f e c t s  of s u n l i g h t  on t h e  confusa-  

b i l i t y  and. v i s i b i l i t y  of  t h e  c o l o r s ,  s i n c e  t h e  p r e s e n t  e x p e r i -  

ment a p p l i e s  p r i m a r i l y  t o  n i ~ e f t i m e  c o n d i t i o n s .  



RECOMMENDATIONS AND CONCLUSIONS 

SOME RECOMMENDATIONS DERIVED FROM REVIEW OF U. S. AND FOREIGN 
STLVDARDS 

The review of the present U.S. lighting equipment stan- 

dards and some of the comparisons that have been cade '~-5' A J L  ,ween 

these standards and those in existence in foreign countries, 

should provide a reasonably concise and complete reference source. 

Such information, should prove useful to lighting equipment engi- 

neers as well as those in agencies concerned with the setting of 

vehicle lighting standards, whose work will be facilitated by 

providing this information in the same cover. From the stand- 

point of research, these reviews have been useful in highlighting 

elements of the standards which may not be compatible with good 

practice for safety, or because of incompatibilities between U.S. 

standards and those existing in other countries having large 

vehicle populations. The reviews have also been used to sug- 

gest elements of standards existing outside the United States 

that warrant consideration for implementation in vehicle marking 

and signaling systems. 

Various of the problems associated with the present marking 

and signaling standards have been discussed in the appropriate 

sections of the report, but some of the more important ones 

require some further discussion. 

1. Area of Presence (tail) lamps. There is no specific 

minimum area requirement for rear presence lamps on vehicles 

in the U.S. standard, other than that a minimum of two square 

inches of lens surface must be visible at a horizontal angle of 

45 degrees. Since U.S. practice is to combine presence and turn/ 

stop functions in the same lamp this may appear to pose no prob- 

lem, since there is a minimum area requirement for the lamps 

performing the stop and turn signal functions. However, some 



European and other vehicles do not combine the presence lamp with 

other functions and could thereby meet the visibility requirement, 

as defined above, with quite small lamps. There does not appear 

to be anything detrimental that can be associated with presence 

lamps of small area. On the contrary, there appear to be some 

potential advantages, not only i r  that small lamps occupy less 

space on the vehicle, but the lei-s surface will be at a higher 

luminance, for a given candela lamp output, than for a larger lamp 

thus providing an increase in the apparent brightness of small 

presence lamps. This may also be advantageous to offset the effect 

of dirt accumulation on the surface of the lens, whose visibility 

will be less reduced for a lamp of higher luminance than for a 

larger lamp of the same candlepower which necessz.rily will have a 

reduced intensity per unit area of lens surface. (~hese alleged 

advantages are not applicable to stop or turn signal lamps, which 

have considerably higher intensities than presence lamps, and in 

those cases small lamp areas increase the probability of causing 

discomfort glare.) 

Potentially detracting from the advantages accruing in 

apparent brightness of presence lamps of small areas, may be dif- 

ficulties associated with identifying the lights they would pre- 

sent to a following vehicle driver as those eminating from another 

vehicle. This question would require further resolution, as it is 

important that vehicles can be readily identified at night by the 

light configuration which they present as compared to lights from 

other objects that are not a part of the traffic. 

2. Location of Rear Turn Signal Lamps on Truck Tractors. 

Double-face6 turn signal lamps, to satisfy the front and rear 

turn signal indication, can be used on truck tractors. Thus, 

whereas stop signal lamps must be mounted at the rear of the 

vehicle, the rear turn signal indication is given by a lamp nor- 

mally mounted on the front fenders. Such a location may be 



difficult to see from the driver's position of a foliowing vehicle. 

It would be considered useful to evaluate the visibility of such 

lamps, particularly mounted on the right side of the tractor in 

case vehicle structures obscure its visibility to a following 

driver. Should that be the case a revision of the present stacdard 

would appear reasonable. 

3. Effect of Brake Application Incapacitating Haz.ar5 I.:;,r:; ,.E,;. 

Indication. On those vehicles where the turn and the stop signal 

is given by the same lamp, as is common on Z.S. vehicles, the 

hazard warning (four-way flashing) will be overridden by the 

steady-burning stop larcps. There is also a side effect of this 

on the side marker lamps, on those vehicles where they are made 

to flash out of phase with the turn signal lamps, which will 

result in the side marker lamps being turned off when the brake 

pedal is depressed and the hazard warning system has been activated. 

It appears reasonable that the hazard warning system should 

override the action of the stop lamp switch and allow the lamps 

to flash, in the same way that the turn signal switch overrides 

the stop lamp switch on the turning side. 

4. Clearance Lamps on Truck/Tractors Indicate Cab Width 

Rather Than Vehicle Width. It is presently permitted to mount 

clearance lamps on truck/tractors on top of the cab area. Since 

the purpose of clearance lamps are to indicate the width of large 

vehicles such a mounting does not fulfill this requirement, 

except in the case where the cab extends over the full width of 

the vehicle, which is not the usual situation. It would appear 

more useful to indicate the width of the vehicle by insuring 

that clearance lamps are mounted close to the edges of truck/ 

tractors, at their widest point, 

5. Rear Side Marker Lamps of Truck/Tractors. Truck/tractors 

are not required to have rear side marker lamps, or for that 

matter rear clearance, rear identification and rear side reflex 



reflectors. Each of these appears to be important, if drivers 

of vehicles approaching from the rear are to identify the truck. 

In particular, the rear side marker lamp omission appears to pose 

a particular hazard, such as in those instances where a tractor 
7 a is backing onto a road in wn~zl, case its rear side will not be 

marked to approaching drivers. Zither side marker lamps or, 

minimally, side reflex reflectors at the rear of tractars would 

appear to be a useful safety feature. 

6. Side, Forward-Mounted Front Turn Signal Lamps. In some 

European countries vehicles must be equipped with side-mounted 

turn signal lamps, one on each side of the vehicle located at the 

front end. It would appear that such lamps could provide a useful 

function to eliminate blind spots of either th 

turn signals which now exist in many roadway s 

possible, that such side-mounted lamps could a 

requirement of the turn signal indicator lamp, 

be deleted. A previous study (Mortimer, 1970) 

.e front or rear 

ituations. It is 

.Is0 fulfill the 

v~hich could thereby 

has suggested 

intensity-area and location requirements for such signals. 

7. Rear Retroreflector Performance. There are no minimum 

area requirements currently stipulated for rear, retroreflectors 

on vehicles. Intensity requirements for such reflectors are indi- 

cated, but they span a relatively narrow angular range, between 

i 10 degrees vertically and a 20 degrees horizontally. These 

requirements for retroreflectors mounted on the rear of vehicles 

require reconsideration. A recent study of rear-end collisions 

(Mortimer and Post, 1972) an courrtry roads, city streets and limited 

access highways in Washtenaw County, Michigan has shown that 

parked vehicles are struck in the rear 3.8 times as often at 

night as in daytime on roads and streets, and 6 times as often 

on limited access highways. This relative overinvolvement of 

parked vehicles at night compared to daytime strongly suggests 

that the visibility of such vehicles is considerably reduced from 

daytime conditions. It is believed that this situation could be 
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alleviated by an improvement in the overall performance require- 

ments of rear-mounted reflectors. 

Based on the findings from the review of present 'U.S. and 

foreign standards, it is apparent that there are gaps in these 

data and instances where revisions to these standards or inclu- 

sion of additional requirements could lead to an Inpro~exe~t 

in the overall marking and signaling performance of vehicles. 

SEPARATION OF LAMPS BY FUTiCTION 

Since the major thrust of the studies reported here and other 

studies that have been com2leted or are underway in the marking 

and signaling project, is to lead to recommendations for an 

improved marking and signaling system for automobiles and trucks, 

a brief review was conducted concerned with the effect, of separa- 

tion of lamps having different signaling functions. That review 

summarized a number of studies concerned with this problem, and 

clearly concluded that there appears to be a substantial benefit 

to this concept. These benefits were found to arise from a 

reduction in information processing time required to identify 

stop and turn signals on the rear of vehicles, by reducing response 

times to signals, as well as confusions in identifying the specific 

signal presented and a reduction in signals that are missed com- 

pletely. Since measures of this type appear to be quite relevant 

to the evaluation of the performance of drivers in interpreting 

signals from vehicle rear lighting systems, and since the studies 

were conducted in a variety of simulation, static field test and 

driving conditions, there can be a considerable degree of security 

in extrapolating results of such studies to performance under 

normal driving conditions. 

Thus, separation of lamps by functions appears to be a useful 

system design concept. There are numerous ways in which this can 

be done, and more work is required to provide information as to 

the most cost-effective approach that should be used. Studies of 



that type, including those concerned with the effect of commonly 

occurring malfunctions in the vehicle marking and signaling system, 

will be conducted in other phases of this research. 

S I GNAL IDENTIFICATION DISTANCE 

The distance at which sigrlfdls sllould be visible, or iden- 

tifiable, has received c~nsider~hle attention but lack of ade- 

quate evaluation. For example, most state vehicle codes indicate 

that stop and turn signals should be visible under day and night 

driving conditions at distances of not less than 100-500 feet. 

A substantial number of lighting tests have also been carried out 

by member companies of the Motor Vehicle Manufacturers Associa- 

tion (Automobile Manufacturers Association, 1966), in which 

intensity and other factors that affect the visibility of signal 

lamps have been evaluated, usually at distances not exceeding 

500 feet. While such a distance might appear to be reasonable, 

it was determined that an analytical approach could be utilized 

to provide better insight for the establishment of visibility 

distances at which it would be desirable for signal lamps to be not 

only visible but also identifiable. The analysis conducted in 

this study has suggested that the distances used in those pre- 

vious tests have been too small, and that more relevant distances 

are at least 1500 feet. Having established that the evaluation 

of intensity requirements and other variables that can affect 

signal system performance should be conducted at distances con- 

siderably larger than have been used before, a study was designed 

which inc~rporated viewing distances of up to 2000 feet. 

SLC:<AL ILdTENSITY AYD SYSTEM CONFIGURATION 

The study conducted in this project concerned with signal 

system intensity requirements and some other variables, was 

unique in that the evaluations were carried out using complete 

conventional and experimental systems. This differed, for 

exampls from a previous study (Mortimer, 1 9 7 0 ) ,  in which isola ted 



lamps were used out of the context of a rear lighting system. 

Since it became apparent that the operational concept of a 

system influenced the ease of identification of the signals 

which it presents, it seemed reasonable to believe that similar 

considerations would have a bearing upon the intensities required 

by signal lamps of such systems to convey information. The study 

was concerned with the effect of a number of variables, such as 

viewing distance, edge-to-edge separation distance between lamps, 

system operatins concept, presence and signal lamp intensities, 

upon the ability of drivers to identify and rate the brightness 

of signals presented by such systems under day, night, and night 

+ glare conditions. Overall subjective ratings of the effective- 

ness of the systems in these various conditions were also obtained. 

The findings of this study have shown that subjective impres- 

sions of the effectiveness of systems in providing signals, 

under varying conditions of viewing distance and intensities, etc., 

are fairly reliable indicators when compared with data derived 

by other means, such as by measurement of signals correctly iden- 

tified. It appears that drivers can make estimates of system 

effectiveness, taking account of many of the variables involved, 

as shown by the results of this study. The overall effective- 

ness ratings correlated reasonably well with the objective measure 

taken, and thereby lends support to this technique which has been 

used extensively in previous evaluations (MIA,  1965; 1966; Mortimer, 

1969). 

Aside from providing this type of information on techniques 

that can be used for the evaluation of variables affecting rear 

lighting system performance, the major findings of the study 

relate to system operating parameters, in terms of their effect 

uson signal intensity requirements. There was good agreement 

found between this study and that conducted previously O?ortimer, 

1970) in deriving maximum night intensities and minimum day 



intensities for stop signals, and minimum daytime intensities 

for turn signals. 

The study also found that for a lamp flashing at about 1 cps 

the maximm intensity can be about 50% greater than for an equiv- 

alent steady-burning lamp at ni -ht, to provide the same level of 

discomfort glare. This means t3at turn signal lamp nighttime 

maximum intensities could be 1.5 times the intensity of a corres- 

ponding stop lamp, without increasing discomfort glare. This 

finding is particularly relevant for those rear lighting systems 

in which stop lamps are separated from the lamps providing the 

turn signal, since the findings of this study showed that in 

those systems, at large viewing distances, the turn signal tends 

to be missed. By increasing the turn signal intensity to be 1.5 

times greater than for a steady-burning lamp, the probability of 

detecting the turn signal will be increased. 

The most important finding of this study is that the inten- 

sities required to provide near optimum levels of signal iden- 

tification and low degrees of discomfort glare, differ according 

to the systems' operating characteristics. Three basic systen 

types were used in this study and each required a different set 

of minimum and maximum intensities in night and daytime condi- 

tions, to maximize their effectiveness. 

It will have been noted (Table 5.46) that with the presently 

used system, in which all signals are combined into the same 

lamps, it will be difficult to obtain adequate stop signal iden- 

tification at night unless intensities are used that exceed dis- 

confort g l a r e  levels. This problem does not occur with the 

other Swo systen con5igurations that were evaluated involving 

either red lamps with separation of stop lamps only, or color 

coding and functional separation of all lamps. The latitude 

allowed in the latter system between minimum and maximum night- 

time intensities is larger than for any other configuration 



tested, suggesting a practical benefit in the impiementation of 

effective nighttime signal intensities for this system concept 

utilizing color coding and functional separation. It will also 

be noted that, as found in previous studies (AMA Vehicle Lighting 

Committee Tests, 1958-64; Mortimer, 1970), greater minimum inten- 

sities are needed in the daytime than the maximum values at night 
. - , -  which reasonably control discomfort glare. This fincinq ~ ~ - u s  

for each of the three system types evaluated, and again shows 

that, for effectiveness in identification of signals and to con- 

trol discomfort glare, it would be necessary to have different 

intensity minima and maxima applicable to night and daytime driv- 

ing conditions. 

The findings of this study have provided some new informa- 

tion which clearly indicates that intensity requirements are a 

function not only of variables such as lamp area, ambient light- 

ing condition, viewing distance, etc., but also interact with 

the operational characteristics of the system. The results also 

show that systems that provide improved information processing 

for drivers, such as those that use some degree of functional 

separation or others that also utilize color coding, also increase 

the flexibility of the intensity requirements which they impose to 

provide effective levels of performance. These findings are, 

therefore, further evidence that improvements in overall rear 

lighting system effectiveness can be achieved using concepts of 

functional separation and color coding, and that these require- 

ments on the intensities of signal lamps can be attained more 

readily for such systems than the one presently in use. 

The output of this study has been prepared in the form of 

a set of guidelines for the intensities of signal lamps for 

systems incorporating the three operating concepts that were 

studied. 



A BLUE-GREEN ZONE FOR PRESENCE LIGHTS 

The exper iment  concerned w i t h  hue i d e n t i f i c a t i o n  and d i s -  

c r i m i n a t i o n  by normal and c o l o r - b l i n d  o b s e r v e r s  was i n i t i a t e d  

i n  o r d e r  t o  o b t a i n  some b e t t e r  i n f o r m a t i o n ,  t h a n  p r e s e n t l y  a v a i l -  

a b l e ,  on t h e  bounds t h a t  shou id  be p laced  on t h e  c h r o m a t i c i t y  

c o o r d i n a t e  v a l u e s  f o r  t h e  f i l t e r s  of lamps i n  t h e  v e h i c l e  marking 

and s i g n a l i n g  system. While v e h i c l e s  p r e s e n t l y  use  marking and 

s i g n a l i n g  lamps t h a t  a r e  w h i t e ,  ye l low o r  r e d ,  t h i s  s t u d y  was 

a l s o  concerned w i t h  p rov id ing  d a t a  on t h e  s p e c t r a l  t r a n s m i s s i o n  

of  f i l t e r s  i n  green-blue  r e g i o n .  

The s t u d y  was l i m i t e d  t o  low ambient l i g h t i n g ,  n i g h t  d r i v i n g  

c o n d i t i o n s ,  s i n c e  t h e  o b j e c t i v e  was t o  f i n d  c o l o r  zones f o r  r e a r  

l i g h t s ,  which a r e  p r i m a r i l y  used a t  n i g h t .  A dua l -pa th  monochro- 

mator was used,  i n  a l a b o r a t o r y  experiment .  This  t echn ique  

al lowed c l o s e  c o n t r o l  of  t h e  p u r i t y  and dominant wavelength of 

t h e  c o l o r s  p r e s e n t e d  t o  t h e  o b s e r v e r s ,  which would be d i f f i c u l t  

t o  do i n  any o t h e r  way. The o b j e c t i v e  was t o  f i n d  a  b a s i c  s e t  

o f  c o l o r s  t h a t  would be  i d e n t i f i a b l e  and n o t  confused w i t h  each 

o t h e r  o r  w i t h  w h i t e ,  by normal and c o l o r - b l i n d  o b s e r v e r s .  

The f i n d i n g s  of  t h i s  s t u d y  have shown t h a t  SAE r e d  and w h i t e  

a r e  t h e  l e a s t  s i m i l a r  f o r  d e u t e r a n o i d s  and t r i c h r o m a t s ,  whi le  r e d  

and amher a r e  more s i m i l a r  and confus ions  between them would be 

expected .  Amber and w h i t e  were r a t e d  most s i m i l a r  and would be 

confused more o f t e n  t h a n  any o t h e r  p a i r s  of t h e  SAE c o l o r s .  

However, t h e  p r o t a n o i d  exper ienced  a  h igh  frequency of  confus ions  

among re<, anber  and whi te .  These f i n d i n g s  a r e  s i m i l a r  t o  

those  o b t a i 2 e d  under f i e l d  t e s t  c o n d i t i o n s  ( e , g .  Mortimer, 1969a) .  

That same s t u d y  a l s o  r a i s e d  t h e  i s s u e  of  p o t e n t i a l  problems wi th  

b lue-green r e a r  p resence  lamps, s i n c e  t h e s e  tended t o  be  confused 

by d ichromats  w i t h  w h i t e  l i g h t s .  This  would be  a  p a r t i c u l a r l y  

u n d e s i r a b l e  a s p e c t  s i n c e  it cou ld  l e a d  t o  confus ions  between t h e  

appearance ,  a t  n i g h t ,  of t h e  f r o n t  and r e a r  of  v e h i c l e s .  For 

t h i s  r eason  one of  t h e  major o b j e c t i v e s  of  t h i s  s t u d y  was t o  

s e l e c t  a  b lue-green zone s u i t a b l e  f o r  r e a r  p resence  lamp f i l t e r s .  
3 2 0  



The results of the study have been used to suggest new 

color zones for white, yellow and blue-green. These zones 

(shown in Figure 6 .14) retain the SAE red as presently specified. 

It is suggested, however, that the SAE yellow be changed to a 

color in the greenish-yellow region to provide a greater distinc- 

tion from white and SAE red, which would benefit drivers with 

normal color vision and those with anomalous color vision defects. 

The remaining, approximately 2% of true dichromatic, preponderantly 

male, drivers would not be helped by this chanqe and would con- 

tinue to make some confusions between red, greenish-yellow and 

white. The least desirable aspect of this type of confusion 

would probably be that between the headlights and rear presence 

lamps of vehicles at night, although distinctions would be 

available to these drivers due to the substantial differences in 

the intensities of the lamps that would normally be directed 

towards them. The findings of this study have also shown that 

it is important that the colors in the red and yellow regions 

that are used be maximally pure, as even small increases in the 

relative proportion of white light reduces the color naming con- 

sistency scores obtained and increased confusions between them. 

A blue-green zone was defined with the intent of minimizing 

confusions with the region of SAE white closest to the blue-green 

zone. 

The responses of subjects to colors selected in the blue-green 

region were generally quite consistent in correctly naming them, 

with the most confusions being made by the deuteranoids who most 

often confused them with white. However, these effects were 

relatively minor if the purity exceeded 75% for these blue-green 

(Table 6 .12). The effect of reducing the purity of the blue- 

greens and thereby increasing their similarity to the SAE white 

is also shown by the similarity ratings, for each of the three 

vision types, in Tables 6.18-6.20. A blue zone was selected 



having a green limit described by a line passing through the 

protanopic intersection point to a point at 490.5 nm. The purple 

limit of the blue-green zone was selected so that the colors 

seen within the zone appear similar to each other. 

These recommendations for the color zones of red, greenish- 

yellow, blue-green and the SAE :bite are shown in Figure 6.14. 

Some additional improvement in :he discrimination of white from 

yellow could be obtained by reducing the yellow limit of SAE 

white. However, this is not practical since this limit is neces- 

sary due to the filament temperatures of presently used head- 

lamps. In the event that quartz-halogen type bulbs should be 

used in headlamp systems, to replace the lower temperatures of 

present headlamps, then it may be feasible to reduce the orange 

limit of SAE white. Ilowever, this will also have the effect of 

moving the present SAE white-blue zone more toward the blue 

region, and would require a small reduction in the suggested 

blue-green zone that has been recommended based on the results 

of this study. The computational steps by which this could be 

accomplished, based on the data of this study, have been shown 

and could be used to make such changes. 

Finally, it is important to note that the study of color 

identification and discrimination was conducted under low ambient 

lighting conditions, such as found in night driving. It would 

be appropriate to examine the recommendations for color filters 

based on these data to determine their effectiveness under day- 

light conditions. Such a study would be primarily concerned with 

the comparison of the SAE red and the greenish-yellow zone that 

has been suggested here as being suitable to replace the presently 

used SIiE yellow, since neither headlamps nor rear presence lamps 

are normally used in the daytime. 

CONCLUSIONS 

The findings of the studies that have been described in this 



report will be useful in structuring some of the further studies 

to be conducted in vehicle marking and signaling, and will assist 

in developing criteria for the intensities, separation distances 

and spectral transmission characteristics of lamps used for vehicle 

marking and signaling systems. 
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Appendix A 

INSTRUCTIONS FOR TEST 5 .  

The f o l l o w i n g  i n s t r u c t i o n s  were r e a d  t o  t h e  s u b j e c t s  i n  t h e  

v a r i o u s  c o n d i t i o n s  i n  which t h e y  p a r t i c i p a t e d ;  

Each of  you shou ld  have a  c l i p  boa rd  w i t h  a  number of  i a t a  

s h e e t s  a t t a c h e d  t o  it. On t h e  f i r s t  d a t a  s h e e t  p l e a s e  f i l l  i n  

your  s u b j e c t  number which i s  a s  f o l l o w s  . Then f i l l  i n  your  

name, a g e ,  t h e  d a t e  which i s  , and i n d i c a t e  your  s e x  by i n s e r t -  

i n g  t h e  c o r r e c t  number. Record t h e  s e s s i o n  a s  number . You 

s h o u l d  have (10-day, i 0 - n i g h t  + g l a r e ,  6 - n i g h t )  d a t a  s h e e t s  on 

your  c l i p b o a r d .  P l e a s e  number t h e  pages  s u c c e s s f u l l y  and a l s o  

p u t  your  s u b j e c t  number on each  page.  L e t  me know i f  you have 

t o o  many o r  t o o  few pages .  A l l  s e t ?  

I n  t h i s  expe r imen t  w e  want you t o  image t h a t  you a r e  d r i v i n g  

down t h i s  r o a d  and t h a t  t h e r e  i s  a n o t h e r  c a r  ahead  o f  you ,  t h a t  

you a r e  f o l l o w i n g ,  i n  t h e  same l a n e .  From time t o  time you w i l l  

see some l i g h t s  which a r e  mounted on a  p a n e l  r e p r e s e n t i n g  t h e  

r e a r  o f  t h e  c a r  you are f o l l o w i n g .  Imagine t h a t  t h e s e  l i g h t s  a r e  

t h e  r e a r  l i g h t s  o f  t h e  v e h i c l e  i n  f r o n t  of  you. The pu rpose  o f  

t h i s  expe r imen t  i s  t o  l e a r n  how well you can  i d e n t i f y  s i g n a l s  t h a t  

a r e  b e i n g  shown on t h e  back o f  t h e  c a r  ahead o f  you. The s i g n a l s  

you s e e  w i l l  b e  t a i l l i g h t s ,  o r  a s  w e  s h a l l  r e f e r  t o  them, p r e s e n c e  

l i g h t s ;  s t o p  l i g h t s ,  t u r n  s i g n a l  l i g h t s ,  o r  combina t ions  of t h e s e .  

We want you t o  i d e n t i f y  which s i g n a l  l i g h t s  a r e  b e i n g  g i v e n  and t o  

r a t e  t h e  b r i g h t n e s s  of  each  of  t h e  l i g h t s  t h a t  you n o t i c e d  i n  t h e  

a p p r o p r i a t e  columns on t h e  d a t a  s h e e t s .  For  example,  i f  a  s t o p  

l i g h t  and a  t u r n  l i g h t  were b o t h  p r e s e n t e d  you s h o u l d  r a t e  t h e  

b r i g h t n e s s  o f  t h e  s t o p  l i g h t s  by check ing  t h e  a p p r o p r i a t e  column 

unde r  "STOP" on t h e  d a t a  s h e e t  ( i . e .  check  e i t h e r  "Too Dim," 

" ~ d a q u a t e , "  o r  'Too B r i g h t " )  ; you s h o u l d  t h e n  r a t e  t h e  b r i g h t n e s s  

of  t h e  t u r n  s i g n a 1 . b ~  c h e c k i n g  t h e  a p p r o p r i a t e  column under  "TURN" 



(check  o n l y  e i t h e r  " t o o  d im,"  " a d e q u a t e , "  o r  " t o o  b r i g h t " ) .  A n  

a d e q u a t e l y  b r i g h t  s i g n a l  i s  one you f e e l  would b e  e a s i l y  s e e n  and 

would a t t r a c t  you r  a t t e n t i o n .  I f  you a r e  unab le  t o  see any l i g h t s  

d u r i n g  a  t r i a l  p r e s e n t a t i o n  o r  shou ld  happen t o  be  l o o k i n g  away 

d u r i n g  t h e  p r e s e n t a t i o n  and miss s e e i n g  t h e  l i g h t s ,  draw a  h o r i -  

z o n t a l  l i n e  a c r o s s  t h e  page i n  h e  row f o r  t h a t  t r i a l  number. 

However, i f  you see a  s i g n a l ,  b~1.t a r e  u n s u r e  what t h e  s i g n a l  was,  

you s h o u l d  p u t  down t h e  b e s t  gues s .  

A f t e r  each  l i g h t  p r e s e n t a t i o n  a  b u z z e r  w i l l  sound. When it 

sounds you s h o u l d  r a t e  t h e  b r i g h t n e s s  of  each  o f  t h e  l i g h t s  t h a t  

you have  obse rved ;  t h e n  p r e s s  t h e  b u t t o n  on your  c l i p b o a r d  when 

you a r e  r e a d y ,  and watch f o r  t h e  n e x t  l i g h t  p r e s e n t a t i o n .  

B e  s u r e  t o  f i l l  i n  your  r a t i n g s  i n  s u c c e s s i v e  t r i a l  s l o t s .  

I w i l l  check w i t h  you f r e q u e n t l y  t o  make s u r e  we a r e  a l l  on t h e  

same t r i a l .  The w h i t e  c a r d s  on t h e  c l i p b o a r d  s h o u l d  be  used  a s  

a  g u i d e  t o  make s u r e  you p l a c e  your  check marks i n  t h e  c o r r e c t  

row. Does anyone n o t  have a  c a r d ?  A r e  t h e r e  any q u e s t i o n s ?  

You w i l l  b e  g i v e n  a  d e m o n s t r a t i o n  o f  t h e  t u r n ,  s t o p ,  (and  

p r e s e n c e )  l i g h t s  o f  each  r e a r  l i g h t i n g  and s i g n a l i n g  sys t em 

b e f o r e  t h e  t r i a l s  of  t h a t  sys t em a r e  p r e s e n t e d ,  s o  t h a t  you w i l l  

know what t h e  s i g n a l s  of  t h a t  p a r t i c u l a r  sys t em look  l i k e .  The 

sys t ems  d i f f e r  t o  some d e g r e e  i n  t h e  manner i n  which v a r i o u s  

s i g n a l s  a r e  d i s p l a y e d .  

I n  a d d i t i o n  t o  t h e  b r i g h t n e s s  r a t i n g s  t h a t  you w i l l  b e  a sked  

t o  make a t  t h e  end of  each  t r i a l  you w i l l  b e  a l s o  a sked  t o  make a  

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

s v s " ~ ,  f c r  w h i ~ : ~  yon w i l l  have j u s t  been making b r i g h t n e s s  r a t i n g s .  

The e f f e c t i v e n e s s  of t h e  sys t em i s  t h e  e x t e n t  t o  which you judge 

it t o  b e  c a p a b l e  o f  g i v i n g  good and c l e a r  s i g n a l s .  Ra te  t h e  e f f e c -  

t i v e n e s s  by a 1 t o  i n d i c a t e  a  v e r y  e f f e c t i v e  sys t em,  a  2 t o  show 

t h a t  you f e e l  t h a t  t h e  sys t em i s  f a i r  and t h a t  you a r e  i n d i f f e r e n t  



t o  i t ,  and a  3 t o  i n d i c a t e  t h a t  you judge t h e  sys t em t o  b e  i n e f -  

f e c t i v e  and would n o t  l i k e  t o  see it  on t h e  r e a r  o f  v e h i c l e s .  

The sys t em w e  w i l l  b e  o b s e r v i n g  f o r  t h e  n e x t  s e v e r a l  minu te s  

w i l l  b e  demons t r a t ed  now. Fo r  now, j u s t  o b s e r v e  t h e  s i g n a l s ;  do 

n o t  w r i t e  down a n y t h i n g  (show s i g n a l s ) .  These a r e  t y p i c a l  of  s i g n a l  

p r e s e n t a t i o n s  i n  t h i s  sys tem.  A t  n i g h t  p r e s e n c e  l i g h t s  nay  o r  may 

n o t  b e  p r e s e n t e d .  

I w i l l  now hand each  o f  you an  e x t r a  d a t a  s h e e t .  The s i g n a l s  

you have j u s t  s e e n  w i l l  b e  p r e s e n t e d  a g a i n  i n  random o r d e r .  

P l e a s e  respond a s  i f  t h e s e  were r e g u l a r  s i g n a l s ,  and I w i l l  check 

your  s h e e t  t o  make s u r e  you a r e  r e s p o n d i n g  i n  t h e  c o r r e c t  manner. 

( P r e s e n t  s i g n a l s ,  o b s e r v e  and c o l l e c t  d a t a  s h e e t s . )  

Remember, a f t e r  e a c h  l i g h t  p r e s e n t a t i o n ,  when t h e  b u z z e r  h a s  

sounded  yo^ s h o u l d  immedia te ly  r a t e  t h e  b r i g h t n e s s  of  each  o f  t h e  

l i g h t s  t h a t  you obse rved .  Do n o t  d i s c u s s  any a s p e c t s  of t h e  e x p e r i -  

ment u n t i l  i t  i s  comple ted .  P l e a s e  do  n o t  smoke d u r i n g  t h e  e x p e r i -  

ment,  and i f  you a r e  wea r ing  t i n t e d  g l a s s e s ,  p l e a s e  remove them. 

There  w i l l  b e  res t  p e r i o d s  d u r i n g  t h e  t e s t  when you w i l l  have an  

o p p o r t u n i t y  t o  smoke and s t r e t c h  your  l e g s .  I f  t h e r e  a r e  no more 

q u e s t i o n s  p l e a s e  watch t h e  l i g h t  b o a r d ,  and w e  w i l l  b e g i n .  





APPENDIX B 

PERCENT OF SIGNALS CORRECTLY I D E N T I F I E D ,  
PERCENT ERRORS, AND SIGNALS RATED INADEQUATE(1)  
OR EXCESSIVE ( E )  I N  BRIGHTNESS IF > 1 5 % ,  FOR 
EACH SYSTEM I N  EACH CONDITION OF T E S T  5 .  



TABLE B . 1 .  Percent of Signals Correctly Identified, and Percent 
Errors by Type and Signals Rated Inadequate(1) or 
~xcessive(E) in Brightness if > 1 5 % ,  are Shown for All 
Conditions for System 1. 
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TABLE B . 2 .  Percent of Signals Correctly Idents:ied, and Percent 
Errors by Type and Signals Rated Inadequate(1) or 
Excessive(E) in Brightness if > 1 5 % ,  are Shown for All 
Conditions for Systems 2 and 3. 
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TABLE B . 3 .  Percent of Signals Correctly Identified, and Percent 
Errors by Type and Signals Rated Inadequate(1) or 
~xcessive(E) in Brightness if >15%, are Shown for 
All Conditions for System 4. 
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TABLE B.4. Percent of Signals Correctly Identified, and Percent 
Errors by Type and Signals Rated Inadequate (I) or 
Excessive(E) in Brightness if > 1 5 % ,  are Shown for the 
Conditions with 2" Lamp Separation for System 5. 
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TABLE B . 5 .  Percent of Signals Correctly Identified. and Percent 
Errors by T y p e  and Signals Rated Inadequate(1) or 
Excessive(E) in Brightness if > 1 5 % ,  are Shown for the 
Conditions With 8" L a m p  Separation for System 5. 
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APPENDIX C.  

RECOMMENDED I N T E N S I T Y  L I M I T S  AS A FUNCTION OF 
LAMP AREA (FROM MORTIMER, 1 9 7 0 )  FOR STEADY BURNING SIGNALS 
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F i g u r e  C.3. Green-Blue,  Day and N i g h t  Minimum and 
Maximum I n t e n s i t y  a s  a F u n c t i o n  of 
Lamp Area  
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