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The accident rate and total number of accidents involving mo
tor vehicles in the daytime has reached alarming proportions. 
Among the suggestions to solve the problem, one recurring 
idea is that a lighting device, in the form of a daytime running 
light, may be effective in reducing the number of accidents by 
increasing the daytime visibility of vehicles in the driver's 
field of view. The primary objective of this investigation was 
to examine the idea that running lights on motor vehicles would 
substantially increase the perceptibility of the vehicles under 
daylight conditions. The study was divided into three parts: 
(a) an investigation of the levels of background luminance en
countered under typical roadway conditions; (b) luminance 
measurements of vehicles halted at a signalized intersection; 
and (c) subjective evaluations of simulated running lights un
der static test conditions. 

The combined results of the three parts indicate that the 
daytime visibility of a vehicle can be improved by the addition 
of a running light. It is further indicated that such a lighting 
device should have an intensity of approximately 2000 candle
power and a minimum luminous area of 20 sq in. 

•THE accident rate and total number of accidents involving motor vehicles in the day
time is approaching alarming proportions. A number of agencies, groups, and indi
viduals have been studying the problem, and suggestions for partial solutions are con
stantly being submitted for consideration. 

One recurring idea is that lighting devices may be effective in reducing accidents by 
increasing the daytime visibility of vehicles in a driver's field of view. There has been 
support for this idea from various quarters and legislation permitting or requiring day
time "running lights" has been introduced in several state legislatures. One research 
report (1) on the subject presents evidence that the visibility of a motor vehicle in the 
daytime -can, under certain conditions, be extremely poor. Furthermore, this report 
also suggests that the use of properly designed running lights on vehicles may insure 
adequate visibility under virtually all daytime conditions. 

The primary objective of this investigation was to examine the idea that running 
lights on motor vehicles would substantially increase the perceptibility of the vehicles 
under daylight conditions. To achieve this objective, the investigation was divided in
to three parts: (a) an investigation of the levels of background luminance encountered 
under typical roadway conditions; (b) luminance measurements of vehicles halted at a 
signalized intersection; and (c) subjective evaluations of simulated running lights under 
static test conditions. 
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BACKGROUND LUMINANCE MEASUREMENTS 

Test Equipment 

The test equipment consisted of a specially constructed luminance meter, a DC am
plifier, and a strip-chart recorder, all mounted in a 196 5 Ford station wagon. The 
luminance meter was mounted in place of the vehicle's rearview mirror, at approxi
mately the same height above the roadway as the average driver's eyes, and aimed 
straight ahead. Although it was possible to vary the acceptance angle of the luminance 
meter, a 10-deg angle was maintained during all test runs. At a distance of 100 ft 
ahead of the vehicle, the field of the luminance meter encompassed a circular area 
approximately 17. 5 ft in diameter. The output of the luminance meter sensing unit, a 
color-corrected selenium photocell, was amplified and fed to the strip-chart recorder. 
The recorder was operated with a chart speed of 8 in./min, and the apparatus had been 
calibrated in the laboratory so that by using the proper scale, the background lumi
nance in foot-Lamberts could be read directly from the strip chart. 

Procedures 

Test runs were made on three different days over three different routes selected to 
include freeways, rural roads, suburban and city streets. The test vehicle was driven 
over these routes in a normal manner and data were continuously recorded while the 
vehicle was in n1otion and during the usual traffic stops. A written record of location, 
weather condition, and traffic density was also kept, and the chart trace was keyed to 
this record through a series of marks placed on the edge of the chart at approximately 
5-min intervals by means of a manually operated event marker. 

Data Analysis and Results 

A total of more than 16 hours of data was recorded on the strip charts. The char1 

were analyzed and the following values obtained for each 1-min time interval: (a) ma._ 
imum luminance in foot-Lamberts, (b) minimum luminance in foot-Lamberts, (c) av
erage luminance in foot-Lamberts, and (d) rate of change of luminance in foot-Lamberts 
per second. 

The values of primary interest with regard to intensity requirements for running 
lights are the maximum background luminances encountered in the test runs. These val
ues are given in Table 1. It can be seen that the greatest value of background luminance 
recorded under any of the test conditions is 3000 ft-L. Thus, to increase substantially 
the perceptibility of any vehicle that does not develop adequate contrast under such con
ditions, a running light would have to provide a luminance at least 10 to 15 times the 
background value (these factors are based on the authors' judgments as well as on re
sults of fundamental studies by Blackwell and others) or approximately 30, 000 to 45,000 
ft-L. 

VEHICLE LUMINANCE MEASUREMENTS 

Procedure 

A Spectra-Pritchard telephotometer was set up to measure the luminance of cars 
stopped for a traffic light at a road intersection in Richmond, California. The tele
photometer, equipped with a 2-in. aperture, was set up at a distance of 300 to 400 ft 
from the intersection and aimed, whenever possible, at a vertical painted surface of 
the vehicle. Under these conditions, it was possible to obtain luminance readings over 
a relatively small circular area, and surface areas of the vehicle producing high specu
lar reflections could generally be avoided. 

Luminance measurements were thus made for a total of 172 cars of various colors, 
including black and white. Readings were recorded from 7:30 a.m. until about 12:30 p.m. 
on an overcast summer day with the ambient light level ranging from 45 to 345 ft-c. 

Test Results 

The highest luminance reading of 4800 ft-L was obtained for a white vehicle at noo· 
However, since this value was substantially greater than any other obtained in these 



tests, it probably resulted from 
a very intense specular reflec
tion and is, therefore, not real
ly valid. The maximum lumi
nances obtained for white and 
other light-colored vehicles 
generally fell in the 2000 to 3000 
ft-L range. At the other ex
treme, luminance values of less 
than 100 ft-L were obtained for 
some dark-colored vehicles in 
the early-morning hours. 

It can be seen from these 
data and the background lumi-

25 

TABLE 1 

MAXIMUM BACKGROUND LUMINANCE IN FOOT-LAMBERTS 

Type of Road 

Freeway 

Rural 

Suburban 

City street 

Sunny 

3000 

2950 

2900 

2350 

Weather Condition 

Cloudy or 
Light Overcast 

1680 

2550 

1350 

1050 

Heavy 
Overcast 

1300 

520 

1300 

225 

Fog 

520 

1600 

700 

nance values previously discussed that in some cases the lack of sufficient contrast be
tween vehicle and general surround results in poor visibility of the vehicle. Thus, in 
the case of a dark-colored vehicle, the greatest visibility problem occurs under low
ambient light conditions such as before sunrise, after sunset, and in heavily overcast 
weather-conditions under which a light-colored vehicle generally provides better visi
bility. In establishing the intensity requirement for a daytime running light, however, 
one must also consider the case in which a light-colored vehicle under very high-am
bient light conditions may likewise not be plainly visible, especially at distances greater 
than several hundred feet. Under these conditions, a running light must have a rela
tively high luminance-at least 10 times that of the background-in order to make the 
vehicle appreciably more perceptible. 

SUBJECTIVE TESTS 

',St Equipment 
I 

The equipment for this part of the investigation consisted of a light source of vari-
able size and luminance, and two specially equipped vehicles. The light source (Fig. 1) 

consists of a 12-volt, 40-watt sealed beam 
lamp with a specified maximum beam can
dlepower of 30,000, and a translucent plas-

1ure 1. Front view of test light source with 
_) aperture- and intensity-reducing slides. 

tic shield that serves to diffuse the light 
and to present a more uniform appearance 
to the observer. The effective size of the 
light source is changed by using aperture 
slides with openings of various diameters. 
The luminance of the source is varied by 
means of a set of intensity-reducing slides. 
Each of these has a circular pattern of 
drilled holes of a particular size. As the 
holes increase in size, more light passes 
through the slide and the apparent lumi
nance of the source is increased, with no 
change in color temperature of the source. 
Two aperture plates, each with a circular 
opening 2 in. or 5 in. in diameter, were 
used in conjunction with 11 luminance 
levels in this investigation. The candle
power of the source for each condition was 
measured by a laboratory photometer and 
the luminance was calculated in each case 
from the measured intensity and the known 
luminous area. The calculated values were 
verified with a Spectra- Pritchard tele
photometer. Table 2 gives the photometric 
data for the test light source. 
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TABLE 2 

PHOTOMETRIC DATA FOR TEST LIGHT SOURCE 

Two vehicles, originally 
specially equipped for another 
project, were modified to suit 
the needs of this investigation. 
One of these, a Ford Econoline 
Van, is equipped with an AC 
generator, which served as a 
sta]Jle power supply for the test 
light source. The second ve
hicle is the station wagon used 
in making the background lumi
nance n1easuren1ents; it served 
as the observer station for each 
subject making evaluations. 
Communication between per
sonnel in the two vehicles was 
carried on by means of a two
way radio system. A second 
signaling system, consisting 

2-In. Aperture 
Intensity 
Slide No. 

0 

4 

7 

8 

9 

10 

Intensity, 
cp 

0 

o.·32 
0.78 

2.6 

3.5 

6.5 

18 

42 

82 

160 

500 

Test Procedure 

Lwninance, 
ft-L 

0 

50 

110 

370 

500 

940 

2,600 

6,000 

12,000 

23, 000 

72,000 

5-In. Aperture 

Intensity, Luminance, 
cp ft-L 

0 0 

1. 6 40 

2.5 60 

6.5 150 

16 400 

34 800 

74 1, 700 

150 3, 500 

260 6, 000 

600 14, 000 

1600 37, 000 

of a pushbutton switch in the 
station wagon and a loud buzzer 
in the van, was also provided. 

The test equipment was set up on an infrequently traveled roadway. As shown in 
Figure 2, the van and station wagon were stationed in the same traffic lane 600 ft apart 
and facing each other. The 600-ft distance was determined on the basis of the minimum 
stopping distance required to avoid a collison between two vehicles traveling'toward 
each other at 65 mph (2). The test light source was placed on a small stand immedi
ately in front of the van, and the Pritchard photometer was set up beside the station 

agon (Fig. 2). 
For each test, the observer was seated in the driver's position in the station wagon. 

The observer was supplied with a test data form and shown how to mark it. He was 
also instructed in the use of the buzzer signal system. The test provided for 11 eval
uations of the light source with one given aperture size, each at a different luminance 
level. A table of random numbers (3) was used in making up the sequence in which the 
11 luminance levels were presented:- To reduce the possibility of the observer recog
nizing the pattern, this sequence was reversed after each series of 11 evaluations. 

Each series of observations began with 
the test light source at the front of the van 
turned off. After observing this condition, 
the observer signaled the operator in the 
van by means of the buzzer circuit, to be
gin the test. Each luminance level was 
evaluated with respect to any improvement 
in the visibility of the vehicle due to the 
addition of the running light. The observer 
made one of three choices: (a) no improve
ment, (b) marginal improvement, or (c) 
definite improvement. After making each 
evaluation, the observer sounded the buzz 
er so that the operator could set the test 
light source for the next luminance level. 
The time allowed for each evaluation was 
essentially unrestricted. After all 11 lu- = 

Figure 2. Subjective test setup for evaluating minance levels had been presented, the 
running-light intensity. source was again turned off, the observ,,-



was given a new test data form, and 
another series of observations was begun. 
A test session involving one test subject 
normally consisted of approximately 20 
such series of observations and required 
approximately 1 hour to complete. H 
weather permitted, each observer made 
evaluations at three different times of 
day: early morning, midday and late eve
ning. 

At the beginning of each test series, 
the time of day and the average back
ground luminance, as measured by the 
vehicle-mounted luminance meter, were 
recorded on the test data form. Approxi
mately every 5 min during the tests, spot 
luminance measurements were made at a 
number of points surrounding the test 
light source (Fig. 3). These readings, 
made with the Spectra-Pritchard telepho-
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Figure 3. Test light source and surrounding area 
showing points at which spot luminance readings 

were taken during subjective tests. 

TABLE 3 

FREQUENCY DISTRIBUTION OF CONTRAST VALUES FOR ALL 
SUBJECTIVE RESPONSES 

Contrast Range LT/BG LT/BG5 LT/BG7 LT/VH 

) 0-1 424 516 517 545 

1-2 303 173 270 139 

2-3 227 332 235 299 

3-4 150 68 131 110 

4-5 130 87 142 72 

5-6 110 129 64 115 

6-7 79 116 80 159 

7-8 85 103 68 114 

8-9 97 79 104 35 

9-10 76 19 74 50 

10-11 53 29 32 30 

11-12 71 40 50 49 

12-13 29 30 69 79 

13-14 44 59 32 70 

14-15 34 82 49 45 

15-16 30 68 54 87 

16-17 31 67 33 50 

17-18 40 59 55 24 

18-19 43 58 54 17 

19-20 58 17 41 32 

20-25 147 70 120 61 

25-30 138 79 127 92 

30-40 127 165 101 227 

40-60 248 99 99 139 

60-80 106 48 51 227 

80-100 55 56 50 58 

100 and up 443 439 445 656 

Neg. values 2628 2919 2859 2425 
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tometer set up adjacent to the observer (Fig. 2), were later transferred to the test data 
forms. The numbers 1 through 7 in Figure 3 indicate the points at which the spot lu
minance measurements were made. 

Test Subjects 

Ten subjects, 8 men and 2 women, acted as observers in these tests. The subjects 
ranged in age from 21 to 49, and each h~d his eyes examined at the Clinic of the Uni
versity of California, Berkeley, School of Optometry, before taking part in the tests. 
All of the test subjects were found to have either normal vision or vision corrected to 
normal by eyeglasses. All of the subjects in the latter category wore their eyeglasses 
while making test observations. 

Data Analysis 

A total of approximately 6000 evaluations was made by the 10 test subjects. The in
formation recorded on the test data forms was transferred to punch cards and all sub
sequent manipulations performed by computer. A program was written to reorder the 
data and to determine several quantities of possible interest. 

The computer output contains information including the following: the luminance and 
candlepower of the light source for each test observation and the observer's correspond-

TABLE 4 

FREQUENCY DISTRIBUTION OF CONTRAST VALUES FOR 
DEFINITE IMPROVEMENT RESPONSES 

Contrast Range LT / BG LT/ BG5 LT/ EG7 LT / VH 

0-1 18 41 45 17 

1-2 24 lG 13 6 

2-3 24 42 36 37 

3-4 15 5 16 4 

4-5 17 17 29 10 

5-6 6 31 19 10 

6-7 14 26 20 21 

7-6 25 20 12 11 

6-9 18 17 23 4 

9-10 20 14 10 

10-11 6 6 

11-12 13 14 11 6 

12-13 10 5 8 11 

13-14 10 9 3 16 

14-15 16 7 6 

15-16 7 10 17 

16-17 19 7 2 

17-18 13 12 

18-19 9 16 3 

19-20 0 11 7 

20-25 20 18 16 10 

25-30 31 12 19 

30-40 28 23 20 43 

40-60 30 13 13 29 

60-80 19 6 51 

80-100 8 5 11 

100 and up 42 40 41 67 

Neg. value s 26 32 25 22 
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ing subjective evaluation; and the contrast values associated with each test condition, 
calculated from the formula 

c 

where 

C contrast 
L luminance of the light source 

0 

Lb luminance of the surround 

Four different contrast values were calculated for each test condition and given the 
following notation: LT/BG denotes the contrast between the test light source and the 
background measured with the 10-deg luminance meter; LT/BG 5 is the contrast be
tween the light source and the average of the luminances for areas 1, 3, 4, 6 and 7 
(Fig. 3) as measured with the Pritchard photometer; LT/BG 7 is the contrast between 
the light source and the average of the luminances for all 7 areas of Figure 3 as mea
sured with the Pritchard photometer; LT/VH is the contrast between the light source 
and the vehicle (Pritchard reading for area 5). 

These contrast data are summarized in Tables 3 and 4. Table 3 gives the frequency 
distribution of the contrast values for all subjective test observations, while Table 4 
does the same for values corresponding only to subjective responses of "definite im
provement." 

Test Results 

The results of the subjective tests are shown as curves in Figures 4, 5, and 6. The 
)data for the light source with the 2-in. aperture are shown in Figure 4 and for the light 
source with the 5-in. aperture in Figure 5. Figure 6 combines the data for both aper
tures. Combining the data seems justified since the corresponding curves for the two 
cases are quite similar and, in many instances, the corresponding points are very 
close together. 

Since the 85th percentile frequently serves as a reference level in many traffic 
studies, it can be used here for illustration purposes. Thus, it can be seen from Fig
ure 6 that the light intensities for 85 percent definite improvement responses from the 
evening, noon, and morning curves are 140, 940 , and 1800 cp, respectively. 

LIGHT SOURCE WITH 2" APERTURE 
100 

./ "[';ENING 

. /. 

L /::00.. 

-; /~ING 
J -

I 
I 
• • 

200 400 600 800 1000 1200 1400 1600 
LIGHT INTENSITY (CP) 

Figure 4. Subjective test results for light source with 2-in. aperture. 
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LIGHT SOURCE WITH 5 " APERTURE 

400 600 BOO 1000 1200 1400 1600 
LIGHT INTENSITY (CPI 

Figure 5. Subjective test results for light source with 5-in. aperture. 

The significance of the three curves in Figure 6 requires explanation.. The test ve
hicle (van) remained oriented throughout the tests, relative to the sun, in such a way 
that in the mornings the sun shone directly on the front of the van. Under these condi
tions, a relatively high light intensity was required to provide enough contrast between 
the test light and the vehicle. At noontime, the sun was overhead so that the front of 
the van was no longer directly illuminated by the sun and consequently it took less test
light intensity to provide the same contrast. By afternoon the front of the van was in 
heavy shadow and light intensity necessary for the same contrast was further reduced. 
Thus, the position of the test vehicle relative to the sun during the morning, noon, and 
evening hours accounts for the relative location of the curves on the graph. However, 
since vehicles on the road can be oriented in virtuaiiy any direction with respect to the 
sun, both during morning and evening hours, the corresponding two curves would apply 
in terms of vehicle-sun orientation rather than time of day. 

The shape of the curves may also be of some interest. It can be seen from the graph 
that each curve begins with a fairly steep rise followed by a definite knee, then tends 

LIGHT SOURCE WITH 2" OR 5" APERTURE 
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0: 
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Figure 6. Subjective test data for 2- and 5-in. aperture combined. 
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to flatten out. Thus, in the range of 0 to 400 cp, small increases in light intensity 
produce relatively large increases in the percentage of definite improvement responses. 
And, as would be expected, this effect is greatest for the case in which the area sur
r ounding the test Ught source is in shadow (the evening curve). The lowest light in
tensity definitely beyond the knees of the curves is about 600 cp and increases in in
tensity above this point yield relatively smaller increases in percentage of definite im
provement responses. 

CONCLUSIONS 

Results obtained in this investigation indicate that the use of properly designed run
ning lights on motor vehicles could improve the perceptibility of the vehicles under cer
tain daytime conditions. There are basically two such conditions under which there 
may not be enough contrast between vehicle and background for adequate visibility of 
the vehicle. For dark-colored vehicles, this situation may exist with low-ambient light 
conditions such as in the early morning or late afternoon hours of the day. Poor visi
bility in the case of light-colored vehicles may exist with a very high background lumi
nance as encountered on a bright sunny day. 

In establishing the minimum intensity requirement for a vehicle running light, it is 
the latter case, of course, that must be given predominant consideration. The results 
of field studies made as part of this investigation indicate that the background lumi
nance prevailing under certain roadway and weather conditions may reach a value of 
approximately 3000 ft-L. To produce enough contrast under such conditions, it is 
judged that a running light should provide a luminance of at least 45,000 ft-L with a 
luminous area large enough to be seen as a surface at a distance of 600 ft. 

On the basis of the subjective tests performed, it is believed that a vehicle running 
light, to be satisfactory for daytime use, should have an intensity of roughly 2000 cp 
and a luminous area of at least 20 sq in. (equivalent to a 5-in. diameter circle). Head
. · ,.,hts (on high beam) will generally satisfy these requirements. 

' 
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