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A reliable and convenient photometer to replace the classic 
but cumbersome darkroom tunnel method of testing reflex
reflective sign materials has long been desired. The inspec
tion of materials and enforcement of specifications requires a 
device which can provide fast, accurate and repeatable results 
in agreement with several established criteria. 

A proposed photometer was evolved after careful review of 
the geometrics of the typical highway environment encountered 
by the motorist. A comparison of photometric readings taken 
with the proposed prototype meter and the classic darkroom 
tunnel method at 0. 2 and 0. 5 deg divergence angle is shown. 
Color samples representing the color spectrum employed on 
highway signs were tested. Further, a comparison with a rig
orous visual nighttime series of observations was made. The 
results of both comparisons were analyzed using standard 
statistical methods. The results of this analysis indicate that 
the proposed photometer correlates at a high confidence level 
with both the classic darkroom method and visual observations. 

The test data are reviewed and the optical and electrical 
characteristics of this bench photometer are described. Mod
ification to a portable photometer is possible to permit daytime 
field inspection of the reflective efficiency of existing traffic 
signs. 

•TRAFFIC sign performance has been shown by Forbes (1) to be dependent on attention 
value and legibility. Each factor is related directly to contrast-the sign with surround, 
providing attention value, and the letters with background, for legibility. In recognition 
of these two important attributes the Manual of Uniform Traffic Control Devices (2) re
quires essential signs to be illuminated or reflectorized to assure adequate nighttime 
performance. The principal research relative to reflective treatments has been large
ly confined to a comparison of the performance of available reflective materials and 
several have suggested minimum luminance levels for attention value and legibility. 
The widespread use of specifications for the procurement of reflex-reflective sign ma
terials requires an accurate method of performing reflex photometry. Methods of test
ing physical properties of reflex-reflectors are usually straightforward. The photo
metric testing, however, requires a device which will give accurate, precise, repeat
able results. 

Several systems and instruments for measuring reflex-reflective intensity exist; 
however, each has its drawbacks. Certain meters are no longer available, or are of 
limited span for certain products, and others require large rooms completely darkened 
for testing purposes. 
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The test device should evaluate the material being tested in the same way it is eval
uated by a viewer with quantitative rather than qualitative accuracy at the useful wave
lengths. To accomplish this, the actual geometrics of roadway viewing and illumina
tion must be accurately simulated within the measuring device, and the receptor re
sponse should simulate the typical eye sensitivity response curve. The geometrics 
must be such that they do not violate the capabilities of each of the components of the 
photometer. 

The luminance attained from reflected materials is dependent on the headlamp illu
inance, angular position relative to the vehicle (incidence angle), the angle subtended 
by the sign, the viewer's eyes and his headlights (divergence angle) and the specific 
luminance (efficiency) of the reflective material. With the exception of specific lumi
nance, the other variables are dependent on sign or vehicle position and distance, thus 
they can be standardized for typical circumstances of actual use. Specific luminance, 
or specific or reflective intensity (1) per unit area is often expressed in terms of can
dlepower per incident foot-candle per square foot of reflecting surface. If the device 
being measured is a vehicle reflector or delineator, the specific intensity-candlepower 
of the unit per incident foot-candle-is given. 

The incident angle usually ranges from O to 45 deg for traffic signs and delineators 
(Fig. 1). This incidence range should be capable of simulation within the device. Gen
erally, the low angle of incidence is set at approximately -4 deg to eliminate specular 
glare from influencing the meter readings. 

The divergence angle (Fig. 1) is the angle subtended by incident light from the source 
and the reflected light beam at the observer. The trigonometric expression for this 
angle is: 

in which 

e = divergence angle, 
a= headlamp-to-sign distance, 
b = eye-to-sign distance, and 
c = eye-to-headlamp distance. 

a2 + b2 - c2 
cos e = 2ab 

VIEWING RAY 

5,4' 

I =Incidence Ang/6 

DL =Divergence Angis, Left Lamp 

DR=Divergence Angle, Right Lamp 

Figure 1. Geometrical relationship between driver, headlamps and traffic signs. 



The value of the divergence angle is di
rectly dependent upon viewing distance and 
varies for left and right headlamps. Fig
ure 2 shows these relationships based on 
divergence formula of Straub and Allen (3) 
modified to modern vehicle measurements, 
including dual headlamp design. 

Reflective intensity of retroreflecting 
materials is usually measured at 0. 2 and 
0. 5 deg divergence, corresponding to view
ing distances of approximately 600 and 300 
ft, respectively, for the left headlamps-ap
proximately twice these distances for the 
right headlamp. These distances corre
spond to the generally required visibility 
distance for most traffic control devices. 
As indicated by Straub and Allen (3) and 
Elstad, Fitzpatrick and Woltman (4)-;-most 
effective reflective efficiency occ urs at 
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Figure 2. Divergence angle vs distance. 
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angles of divergence corresponding to 1/3 deg or less. In this range reflective efficien
cy is approximately inverselj proportional to the divergence angle so that doubling the 
divergence angle halves the reflective performance. Thus, for the distances described, 
the left headlamp provides two-thirds of the reflective brightness experienced by the 
motorist. 

EXISTING INSTRUMENTS 

A number of different meters have enjoyed moderate usage in the measurement of 
reflex-reflectors. The early instruments by Kingslake (5), Hunter (6), Giovanilli (7), 
the Photo Volt and the more recent ESNA meter (8) are described in the literature. Per
haps the most fundamental technique which has been employed by many laboratories is 
the classic darkroom and geometrical relationship described by the Society of Auto
motive Engineers (9) and Federal Specification (10) for the testing of retro-reflectors. 

By these methods, light projected on the test sample is reflected to a photocell ad
jacent to the light source. Readings are obtained from a galvanometer comparing the 
incident to reflected light and are expressed as candlepower per foot-candle per square 
foot by 

Reflective intensity = Illumh~ti~n of photocell x (Distance)
2

• 
lliumlllatlon at sour ce Area of sampl e in ft 

The angles of divergence are controlled by setting the distance between light source 
and the photocell and the placement of the sample relative to the light source. Distances 
of 50 to 100 ft from the source to the sample in a dark tunnel are required. The aper
ture size of the source and receiver are generally small compared to the viewing dis
tance, but still approach 18 to 33 percent of the divergence angles for cells of adequate 
sensitivity at the narrow divergence angles required of these tests. 

Smaller bench type instruments which simulate the classic darkroom test are minia
turized to duplicate the essential features and generally must surmount three difficul
ties: maintain the small divergence angle, possess exceptional sensitivity at low light 
levels, and maintain proper distance relationship. Because of the much foreshortened 
distance, the source and the photocell receiver apertures must be similarly reduced 
or very broad range of divergence angles are sampled. With the resolution require
ment of small source and receiver aperture, plus color corrective filters, the energy 
available is tenuous, and accuracy, particularly with darker color reflectors, requires 
a high order of sensitivity. The distance from source to sample and from sample to the 
receiver must be precisely controlled. The requirements for selectively small diver
gence sampling and adequate sensitivity have not been generally well met in the past 
and have contributed to discrepancies with actual outdoor observations. 
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The candlepower photometer described herein functions in the following manner: 
Light from a constant temperature source is passed through a series of condensing 
lens and color filters. It is focused at a hole in a photocell, passes through it, and is 
projected on a collimating lens. From the collimating lens the light then strikes the 
sample and is then reflected, passing through the collimating lens to the photocell. The 
desired divergence angle is selected by a switch on the output circuit. For amplifica
tion it is more convenient to deal with ac output rather than de so that prior to striking 
the sample, the light passes through a shutter wheel effectively converting the light 
beam and response signal to 120 cycles per second. Detailed description of the meter 
is contained in the Appendix. The basic optics of the photometer are the same as used 
in other photometers, particularly that of Kingslake {~). 

EVALUATION STUDY 

The basic objective in evaluating the candlepower photometer was to determine how 
th<> ""'"' m<>t<>-r ""mp.,-rerl mith th<> ,..1.,.,_.,;,.. rl,::irl,-rnnm tnnni>l ti>f'.hniq11i> ,::inrl !>f'.hrnl m1trlnnr 

observations. To make the comparison, a number of samples each of five colors were 
measured on the photometer and in the darkroom using standard photometric measur
ing procedures. Readings were taken at several locations on the sample and the aver
age taken as the brightness for the sample. Further, measurements were made on two 
different occasions for greater average accuracy. The results of these readings are 
given in Table 1. 

NIGHT VIEWING 

The night viewing was conducted on a flat, level area with the observers seated in 
automobiles positioned at the two appropriate distances from the reflective samples. 
The samples were positioned in line with the left headlamp. 

Headlamps were operated with the engine at a fast idle, simulating actual conditions. 
The right headlamps were not used so that a pure comparison at 0,2 and 0.5 deg diver
gence angles could be obtained, thus closely duplicating the design geometrics of the 

TABLE I 

Photometric Readings and Ranking of Samples Used in Study 

0.2° DIV. 0.5° DIV. 

Visual 
Candle-
power Darkroom SAMPLE Rank Photo- Renk (2850°) Renk 

Outside meter 

Visual 
Candle-
power Darkroom 

Renk Photo- Renk (2860°) Rank 
Outside meter 

A 3.5 85 5 71 ,7 5 4 40.5 3 38,2 4 
B 2 91 2 77.1 2.5 5 38.4 5 35,2 5 

SILVER C 1 106 1 91 .4 1 
D 3.5 89 3.5 77,1 2.5 

1 48,2 1 47.4 1 
2 42.2 2 41 ,9 2 

E 5 89 3.5 75.7 4 3 39.6 4 39,7 3 
F 6 58 6 47.7 6 6 31.4 6 30.9 6 

A 2.5 68 1 53,1 1 1 31 .0 1 28.4 1 
B 2.5 64.5 2.5 49,5 3 i 26.6 3 23,0 3 

YELLOW D 4 52.5 4 39.4 4 
E 1 65 2.5 51 .5 2 

4 23,9 4 21 ,3 4 
3 28,9 2 26.3 2 

G 5 45 5 34,2 5 6 21.4 5 18,5 5 

A 1 36 1 24,4 1 1 20.3 1 13.4 1 
B 3.5 21.8 3 15.4 2.5 3 12.9 3 9.0 3 

RED C 2 23.3 2 15,5 2.5 
D 3.5 19.5 4 14.0 4 

l 14.3 2 10.3 2 
4 10.4 4 7.3 4 

E 5 12.5 5 10,3 5 5 8.6 5 6.5 5 

A t 11.4 l 12.8 I 1 68 1 7,8 1 

GREEN B 2 10.5 2 12.0 2 
D J 9.5 3 11.1 3 

2 6.1 2 7.0 2 
3 58 3 68 3 

E 4 7.0 4 8.6 4 4 42 4 4.7 4 

A I 8 1 1 10.2 1 1 35 1 4.8 1 
B 2 63 2 8.9 2 2 3.0 2 4.5 2 

BLUE D J 58 3 7.5 3 
E ' 40 4.5 5.8 5 

3 2,5 3 36 3 
6 1 8 5 2.8 5 

F 5 4.0 4.5 6.1 4 4 2.0 4 3.4 4 
H 8 30 6 4.6 6 6 1,3 6 2.5 6 



instrument. An alignment device was 
installed on each vehicle so that the 
viewer could adjust his eye position to 
maintain fairly precisely the 0. 2 and ' 
O. 5 deg divergence angles. The viewing 
consisted of having the standard sam
ples rated by the viewers according to 
brightness. This comparison was con
ducted as follows: Two samples of the 
same color of equal or unequal intensity 
were rated by the viewers. The view-
ing consisted of eight different combi
nations of five colors. Various combi
nations were presented to the viewer 
so that they could be ranked and com
pared with instrument observations. 
The reflective colors employed were 
conventional traffic colors substantially 

TABLE 2 

SIMPLE CORRELATION COEFFICIENTS0 

PHOTOMETER VS VISUAL RANKING AND DARKROOM 

Item 

0.2 deg divergence: 

Visual ranking 
Darkroom 

0.5 deg divergence: 

Visual ranking 
Darkroom 

Sample size 
Min. corr. coeff. 

Silver 

0.87 
0.98 

1.00 
0.98 

6 
0.81 

Yellow 

0.78 
0.99 

0.90 
0.89 

5 
0.87 

Colo~ 

Red 

0.98 
0.99 

1.00 
0.99 

5 
0.87 

Green 

1.00 
0.99 

1.00 
0.99 

4 
0.95 

19 

Blue 

0.99 
0.97 

1.00 
0.82 

6 
0.81 

0 Minimum value of correlation coefficient for sample sizes for 95 per
cent confidence level. 

covering the spectrum: blue, green, silver, yellow and red. Each observer was 
checked for color blindness using a Bausch and Lomb Orthorater. No observer was 
found to possess any abnormality. 

Each observer was allowed 30 seconds to decide on the relative intensity of the 
samples. He then recorded whether one of the samples was brighter than, equal to, 
or much brighter than the other. All observers were seated separately and did not in
fluence others being tested. After the eight viewings of each color pair, the observer 
rated another color series until all five colors had been rated. The number of observ
ers used and the number of samples viewed comprised a sufficiently large group to 
establish statistical reliability. The ranking results for both viewing angles are given 
in Table 1. 

DAT A ANALYSIS 

The results of the data from the visual observations, darkroom reading and readings 
taken with the photometer were compared using simple rank correlation. The correla
tion coefficients were determined and are given in Table 2. 

These coefficients indicate a correlation at the 95 percent confidence level for both 
the darkroom and visual observation when compared to the photometer. The minimum 
values which determine the correlation coefficients for the 95 percent confidence level 
were obtained from standard tables (11). Although the correlation coefficients are in 
most instances higher for the visualobservations than for the darkroom, there is no 
indication that the visual observations correlate at a higher confidence level than the 
darkroom. 

CONCLUSIONS 

This photometer, eliminating some of the inaccuracies and inconveniences of pre
vious systems for the photometry of reflex-reflection, offers the advantage of direct 
reading in candlepower coupled with modest size and portability. The traditional dark
room method of measuring reflex-reflectors and a number of observers who partici
pated in a rigorous nighttime test are both compared with the photometer. Analysis of 
results indicates that the photometer provides accurate, repeatable a11d statistically 
consistent results compared with human observers and is in close, reliable agreement 
with the traditional darkroom tunnel photometric testing procedure. 

Modifications to a field instrument have been accomplished through the use of apart
able power supply. This will facilitate daytime inspection of traffic signs to meet the 
inspection requirements of the latest safety legislation. 
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Appendix 
INSTRUMENT COMPONENTS 

The basic components of the photometer are light source to illuminate the reflex
reflector, color correction lens, photoelectric cell to measure the intensity of the re
flected beam of light at the desired divergence angles, shutter, collimating lens, hold

LIGHl 
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Figure 3. Components of candlepower 
photometer. 

er for the sample being tested, and meter 
to give output readings. These are shown 
in Figure 3. The photometer is shown in 
Figure 4. 

Light Source 

The light source is a quartz iodide lamp 
operating at 2850° K. The lamp has a useful 
life of 1,000 hours. Current is supplied 
through a constant voltage transformer which 
maintains the constant lamp temperature of 
2850° K. 

Color Filters 

The color filters correct the light to com
pensate for the temperature of the light 
source and the silicon of the photocell to the 
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Figure 4. Photometer: optical unit left, meter unit right. 

standard CIE observer color response. The 
comparison of the photocell, darkroom and CIE 
observer response is shown in Figure 5. 

Lenses 

Lenses focus the light at the center of the 
photocell and project it onto the collimating lens 
which disperses it uniformly across the sample. 
The light is then reflected back through the lens 
to the photocell. 

Shutter Wheel 

Prior to the light striking the collimating 
lens, it is passed by a rotary shutter to provide 
a response at a frequency of 120 cycles per 
second. 

Detector Circuit 

- - - - - - Photometer System 

- - C.I.E. Standard Observer 
--- Darkroom System 

~ 001------- - - -----::, .. 
~ 
::, 

~ 00!'-------------~---
> 

~ 
w ~ ------~---~ ~--a: 

400 460 600 650 600 660 700 

WAVELENGTH mu 

Figure 5. Comparative color response. 

The detector is a silicon photovoltaic cell. There are two electrically independent 
detecting areas on the cell, one corresponding to O. 2 deg divergence angle and the other 
corresponding to 0. 5 deg divergence angle. A switch permits selection of one or the 
other. The signal from the detector is amplified using an ac amplifier tuned to the 
shutter frequency. A selector permits the choice of two scales, 0-10 or 0-30 candle
power, with a choice of lOX range to 100 or 300 candlepower as necessary. The 
output is modulated to de, which permits the use of more suitable meters. Linearity 
of both the photocell and electronics exist. 

Sample Holder 

The sample holder positions the sample at varying incidence angles from Oto 90 deg. 

Meter 

The meter reads directly in candlepower per incident foot-candle per square foot and 
has two adjustments-one for zeroing the meter which does not require the use of a 
sample; the other for calibrating the meter, requires samples of known brightness. 




