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Illuminating engineers have long known the importance of pave
ment luminance in roadway designs. It is also widely known 
that pavement luminance depends on the relative positions of 
the observer and the light source as well as the directional 
reflectance characteristics of the pavement surface. However, 
at present there is little information available that will permit 
the calculation of pavement luminance from an illumination 
specification. This paper describes the instrumentation and 
procedures associated with a laboratory method for determin
ing the directional reflectance characteristics of pavement sur
faces. In addition, data collected for one traffic-worn asphalt 
pavement surface are presented. 

•THE general objective of this report is to describe a laboratory procedure for ob
taining pavement directional reflectance data. Information of this nature, combined 
with appropriate methods and techniques for handling the data, needs to be made avail -
able to the illuminating engineer if roadway lighting is to be elevated from an art to a 
science. The need for directional reflectance data can be more readily appreciated by 
reviewing the difference between the two commonly used lighting terms, "illumination" 
and "luminance" (photometric brightness). 

Illumination is the measure of the amount of light flux falling upon a surface. Illu
mination is independent of the direction from which the light comes; the number of 
light sources or their positions; the type of light source; and the type of surface upon 
which it falls. A surface may be illuminated to a given level by one or several light 
sources placed normal or obliquely to the surface. The illumination is the same 
whether the surface is a photometric plate or a piece of black felt cloth. In roadway 
lighting, illumination is a useful quantity in the calculation of problems of lighting but 
has very little value in describing the observed situation. 

Luminance is the measure of the amount and concentration of light flux leaving a 
surface and is the light by which an object is seen. It is the luminance which controls 
the magnitude of the sensation which the brain receives of an object. The luminance 
of a surface depends on all of the quantities of which illumination is independent, such 
as the direction from which the light strikes the surface, the direction from which the 
surface is viewed, and the reflective properties of the surface itself. 

The amount of light falling upon a small area of a surface is measured as the illu
mination on that area. This incident light is generally reflected in all directions by 
the surface and its directional distribution is determined by the properties of the sur
face and the manner in which the light strikes the surface. The apparent luminance of 
the surface is determined by the amount of light reflected toward the observer's eye. 
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Current roadway lighting design practice in the United States is sponsored by the 
Illuminating Engineering Society and approved by the American Standards Association 
(1). This standard states that one of the principal objectives of roadway illumination 
is " ... to enhance the brightness of the pavement and uniformity of brightness along and 
across the full width of the roadway ... ". However, the recommended design practice 
gives no further specific consideration to the concept of pavement luminance (brightness). 
Instead, the standard consists essentially of an average horizontal footcandle specifica
tion, measured on the pavement surface between two adjacent luminaires. This implies 
that the roadway brightness patterns are adequate if the average horizontal illumination 
is at the recommended level. But rather than rely entirely on the light incident on the 
surface to reveal the roadway scene, we should consider the amount of light reflected 
from the surface in the direction of the observer, since the information needed by the 
motorist to evaluate the visual scene is provided by the luminance patterns on the road
way (2). In this regard, the roadway ahead of the motorist should present an average 
luminance adequate to maintain eye adaptation, a minimum luminance to assure adequate 
visibility of any object on or near the roadway, and a uniformity sufficient to maintain 
continuity within the visual scene, to insure comfort, and to render frequent and rapid 
eye movements by the driver unnecessary. Many illuminating engineers have long 
been aware of the inadequacy of an illumination specification, and have frequently sug
gested roadway luminance as a substitute parameter for design purposes, but the latter 
has seldom been used in this country. 

The "American Standard Practice for Roadway Lighting" (1) emphasizes the im
portance of the roadway surface in producing luminance patterns when it states: "The 
apparent brightness of the pavement depends upon the intensity and the angle of incident 
and reflected light and the pavement-reflecting characteristics (specular and diffuse) 
at typical angles of view." Perhaps this statement also gives a clue to the reasons that 
illuminating engineers continue to adhere to an illumination specification for roadway 
lighting, even though it is generally acknowledged that a luminance specification would 
be preferable. Whereas levels of illumination have been relatively easy to determine, 
either by measurement or calculation, the derivation of roadway luminance from pho
tometric data has involved tedious measurement of pavement reflectance as well as a 
formidable number of calculations. Developments in recent years, however, have 
greatly simplified this task, a straightforward method for computing roadway luminance 
having been previously reported (2). The calculations, moreover, by U1eir repetitive 
nature, readily lend themselves to computer programming. Nevertheless, the lack of 
reliable information concerning the directional reflecting characteristics of pavements 
is a retarding factor in this process. Past attempts to measure directional reflectance 
factors for representative roadway surfaces have met with limited success (3, 4, 5, 6). 
Both field and laboratory studies have produced only a meager amount of published -
data, and of this, only the field data appear to be usable. The collection of field data 
has generally employed either visual photometry or photographic techniques. While 
both of these methods offered advantages when they were used, the direct-reading in
struments available today make a laboratory study both practical and desirable at this time. 

EXPERIMENTAL EQUIPMENT 

Reflectance is defined as "the ratio of the flux reflected by a surface or medium to 
theincidentflux" (1). The quantity generally reported is the total reflectance, or the 
ratio of the total reflected flux to the total incident flux. This value cannot be used for 
pavement luminance calculations since, as pointed out previously, the incident and 
viewing angle affect the roadway luminance as perceived by the observer. For a par
t icular incident and viewing angle, it is necessary to have a multiplying factor which 
relates the density of incident flux or illumination in horizontal footcandles (lm/ft2

) to 
the luminance or photometric brightness in footlamberts (rr cd/ft2). Then: Pavement 
Luminance = Directional Reflectance Factor x Horizontal Illumination. 

The experimental equipment has been designed and calibrated in such a manner that 
the directional reflectance factor can be measured for many combinations of incident 
angles of luminous flux and observer viewing angles. 
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Figure l. Directional reflectance goniometer. 

The directional reflectance goniometer, shown in Figure 1 and hereafter referred 
to simply as the reflectometer, is basically a form of goniometer consisting of an in
candescent lamp mounted on a curved rotating boom, a sample stand, an aperture slide 
holder, and a telephotometer. By means of detents in the boom, the lamp may be posi
tioned so that it will illuminate the pavement sample from any of a number of vertical 
angles. The boom is motor driven and rotates the lamp through a 360-deg horizontal 
angle about the sample. The telephotometer is aimed and focused on the sample and 
its position can be adjusted to correspond to various driver viewing angles. At each 
viewing angle, an aperture of the appropriate size is placed between the sample and the 
telephotometer to insure that the telephotometer is, as nearly as possible, viewing only 
the surface of the sample. 

The output of the telephotometer, which has been calibrated in terms of footlamberts, 
is amplified and fed to both a strip chart recorder and a digital recording system. The 
strip chart recorder provides a continuous trace of the telephotometer output as the 
boom rotates the lamp through 360 deg. The amplitude of the trace is directly propor-
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Figure 2. lsocandle diagram for light 
source. 

Figure 3. Telephotometer. 

tional to the output of the telephotometer and previous calibration allows the determina -
tion of the directional reflectance factor for any combination of telephotometer and light 
source positions. The digital recording system converts the output current of the tele
photometer, at 5-deg intervals, into digital form and records it on paper tape. Here, 
as with the strip chart, previous calibration allows the determination of the directional 
reflectance factor for any combination of telephotometer and light source positions. 

The reflectometer boom has a 5-ft radius and is driven by a 115 VAC, 10 rpm, syn
chronous motor through a gear train salvaged from a radar antenna turntable. As the 
boom rotates, a microswitch is repeatedly actuated at 5-deg intervals. Each actuation 
places a mark on the strip chart recording and causes the digital recording system to 
read the telephotometer output at that instant. 

The light source, a 120-volt, 300-watt, type R-40 inside-coated reflector lamp, is 
accurately positioned on the boom by means of a pin and detent arrangement. Loca -
tions corresponding to incident angles of 5, 20, 35, 50, 60, 65, 70, 75, 80, 82, 84,86, and 
88 deg are provided for. Adjustments are also provided for the alignment of the lamp. 
Figure 2 shows the isocandle diagram for the lamp in percentage of maximum candle
power. Note that the central 30-deg cone is quite uniform, the greatest deviation from 
the maximum being approximately 10 percent. This provides a uniform light distribu
tion on the sample surface. 

The telephotometer, shown in Figure 3, is mounted on a modified drill press stand, 
which in turn is bolted to the concrete floor. This provides a rigid and vibration-free 
mount for the instrument. A unique feature of the telephotometer is the adjustable slit, 
placed at the image plane, which provides for varying the vertical dimension of the area 
being viewed. The horizontal dimension may be changed by inserting circular aper
tures, of various sizes, immediately ahead of the adjustable slit. Figure 4 shows the 
stray light rejection curve for the aperture-slit combination used in this investigation. 
The telephotometer is desinged to have a symmetrical aperture. However, the com -
bination of a 2½-deg circular aperture and micrometer vernier setting of 175 used in 
this investigation re_sulted in the asymmetrical aperture shown. 

The color response of the DuMont type 6467 multiplier phototube has been corrected, 
by means of a Kodak No. 106 filter, to approximate that of the human eye. 

The sample stand is composed of a hydraulic jack with a flat steel plate welded onto 
the lifting shaft. The sample rests on a second steel plate which is in turn positioned 
above the first plate by means of four cap screws, one at each corner. The sample is 
leveled by adjusting the cap screws in a manner similar to that used for leveling a 
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Figure 4. Aperture stray light rejection curve. 

surveyor's transit. In addition, the height 
of the sample can be changed by raising or 
lowering the hydraulic jack. 

The aperture slide holder (Fig. 1 ), 
placed midway between the pavement 
sample and the telephotometer, is con
structed of plywood, well braced and se
curely bolted to the floor. Aperture slides 
with openings corresponding to simulated 
driver viewing distances of 50, 100, 200, 
400, and 600 ft were used in this 
investigation. 
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Figure 5. Telephotometer calibration 
curve. 

The reflectometer is housed within a virtually light-proof enclosure of opaque 
black plastic. This allows the reflectometer to be operated during any hour of the day 
with no interference from external sources of light. 

An in-place calibration of the telephotometer was made with the aid of a uniform 
light source and a Spectra Pritchard Photometer. An elliptical cut-out, corresponding 
in size and shape to the sample surface when viewed from the simulated 50-ft distance, 
was placed on the uniform source. Both the telephotometer and the Pritchard Photom
eter were then aimed at and focused on this cut-out. As the luminance of the source 
was varied, it was recorded by the Pritchard and corresponding readings of the tele-
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Figure 6, Area factor curve, 

photometer were also noted, The 
resulting curve of luminance vs 
telephotometer output is shown in 
Figure 5. This curve is valid only 
for the simulated viewing distance 
of 50 ft for which it was derived. 
The curve may be used for other 
simulated viewing distances if suit
able correction factors are applied 
to the telephotometer readings. These 
correction factors depend on the 
projected area of the pavement 
sample surface as viewed from each 
simulated distance, i.e., Factor= 
A1/ A2, where A1 = projected area 
at simulated 50-foot viewing dis
tance, and A2 = projected area at 
the simulated viewing distance in 
question, 
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Using the distance of 50 ft as a base, the factors for distances of 100, 200, 400, and 
600 ft would be 2, 4, 8, and 12 respectively. These factors were verified by masking 
off progressively smaller areas of the uniform source and recording the telephotometer 
output for several luminance levels. Figure 6 shows the data plotted as area vs output. 
Factors derived from this curve closely agree with the calculated factors. 

Care was exercised in the design and construction of both the telephotometer and 
aperture slides to insure that only the light reflected from the surface of the sample 
would reach the telephotometer. However, analysis of the initial data indicated that 
these efforts had not been completely successful. Therefore, a set of "zero" curves 
was established for each of the five simulated viewing distances. These curves were 
made by recording a 360-deg sweep of the boom with no sample in the holder and a 
similar sweep with a sample in place but covered by a piece of black flock paper. This 
was done for each incident angle and each viewing angle. The final zero curves for 
each position were established by comparing the values of the initial two curves at 
5-deg intervals and using the lower value of the two. 

OPERATING PROCEDURE 

The pavement sample is placed on the test stand and leveled with the aid of a spirit 
level. The sample is given the proper directional orientation on the test stand with 
the aid of a mark, indicating the direction of vehicle travel, placed on the side of the 
sample by the drilling crew. The sample is then raised, by means of the hydraulic 
jack, until its surface rests in the datum plane and the leveling is again checked. The 
datum plane is the plane corresponding to a 90-deg vertical angle for the light source 
and is established by stretching a wire between four previously determined points. The 
sample is then draped with a black velvet cloth to reduce light reflections from the 
sides. The light source is placed at the 5-deg vertical angle position and aimed at the 
sample. A reading of the illumination is made on the sample surface. Next the telepho
tometer is raised to its highest position, corresponding to a viewing distance of 50 ft. 
The appropriate slide is placed in the aperture slide holder and the telephotometer is 
aimed through the aperture at the surface of the sample. Final adjustments of the re
cording equipment are made and the photometer output for a single 360-deg rotation of 
the goniometer boom is recorded. Recordings for the sample under study are made 
with the goniometer lamp at each of its 13 boom settings until all of the previously men
tioned vertical angles from 5 to 88 deg are covered. At this point the telephotometer 
is iowered to a new position simulating a viewing distance of 100 ft, the corresponding 
aperture slide placed in the holder and the whole procedure of aiming, adjusting, and 
recording is repeated. This is done for each of the 5 previously mentioned viewing 
distances. 

DATA PROCESSING 

Due to the large amount of data involved, the successful completion of this investiga
tion depended upon automating the data collection and processing to the greatest 
extent possible. After automating the reflectometer as far as practical, attention was 
then focused on the data recording and processing system. Several means of recording 
the data were investigated and a combination of two methods was selected for final use. 
This consisted of a strip chart recorder and a digital recording system operating in 
parallel. The digital data processing system was chosen for speed and convenience of 
data processing and the strip chart recorder was incorporated into the system to pro
vide periodic visual checks on the data being gathered. Frequent comparisons were 
made between the strip chart and digital system recordings. The digital system re
corded the data on paper punched tape and the tape was then converted to cards, since 
one of the computers available for processing the data had no facility for reading the 
paper tape directly. A simple computer program was used to determine the directional 
reflectance factors utilizing the telephotometer calibration curve, the zero curves, and 
the data from the paper tape. 
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TEST RESULTS 

The results for one 12-in. 
core sample are shown in Fig
ures 8 through 13. The sample 
is type B asphaltic concrete, 
¾-in. maximum, medium 
graded aggregate, with 5 to 6 
percent of 85-100 grade asphalt 
in the surface course. It was 
cut from an inservice pave
ment by the Materials and Re
search Section of the California 
Division of Highways. The 
sample had been exposed to 3 
years and 8 months of traffic 
wear before its removal. Other 
than brushing any loose ma -
terial from the surface, the 
sample was given no special 
preparation before testing. Fig
ure 7 shows the sample as 
tested. 

The directional reflectance 
Figure 7. Traffic-worn asphalt surface. factors for this sample are 

shown graphically as a function 
of horizontal and vertical an

gles in Figures 8 through 12. Each graph represents one of the simulated viewing dis
tances. The curves are nearly symmetrical about the 180-deg horizontal angle, the 
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Figure 8. Directional reflectance factors for 50-ft viewing distance. 
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Figure 9. Directional reflectance factors for 100-ft viewing distance. 
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Figure 10. Directional reflectance factors for 200-ft viewing distance. 
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Figure 11. Direction reflectance factors for 400-ft viewing distance. 
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180- to 360-deg portion being almost a mirror image of the 0- to 180-deg portion of the 
graphs. The discussion here is limited to the 0- to 180-deg area. 

The graphs show that the directional reflectance factors vary with changes in both 
the horizontal and vertical angles of the light source and with viewing distance. For 
each viewing distance the maximum value occurs for horizontal and vertical angles of 
180 and 88 deg, respectively. The occurrence of the minimum value is greatly influenced 
by the simulated viewing distance. For a viewing distance of 50 ft, the minimum value 
is associated with the 5-deg vertical angle and is nearly constant for all horizontal 
angles. For the 600-ft viewing distance, the minimum value is associated with the 88-
deg vertical angle and a horizontal angle of approximately 130 deg. For the larger 
vertical angles the factors are decreasing in magnitude in the 0- to 130-deg horizontal 
angle region. This is probably due to reflections from the faces of individual particles 
of aggregate. 

As the source vertical angle increases from 5 to 88 deg, there is a marked increase 
in the directional reflectance factor for each viewing distance. For the 50-ft viewing 
distance the ratio of the factor at 88 deg to the factor at 5 deg is 44. The ratio is 73 at 
100 ft, 148 at 200 ft, 333 at 400 ft, and 413 at 600 ft. 

The effect of changes in viewing distance is shown in Figure 13. Here the directional 
reflectance factor is plotted as a function of vertical angle and viewing distance for a 
horizontal angle of 180 deg. The factors for the 50- and 100-ft viewing distances are 
very close at all but the greatest vertical angles. This is also true for the 400- and 
600-ft distances. For vertical angles less than approximately 84 deg, the directional 
reflectance factors decrease as the viewing distance increases. However, due to the 
rapidly changing slope of the curves in the 84- to 88-deg region, the factors for this 
area increase with increasing viewing distance. 

Further study and comparison of Figures 8 through 13 indicates that the directional 
reflectance properties of this sample could be characterized by only three graphs, 
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rather than the five presented here. The 50- and 100-ft viewing distance curves could 
be combined into a single set of curves, as could the curves for the 400- and 600-ft 
viewing distances. 

SUMMARY 
A directional reflectance goniometer has been developed for use in the laboratory in 

conjunction with 12-in. pavement core samples. Measurements made with this reflec
tometer have proven to be both accurate and repeatable. The directional reflectance 
characteristics of several pavement surface samples have been recorded and the data 
for one sample have been reported here. Data of this nature, combined with appropriate 
handling techniques, provide the illuminating engineer with a means for calculating 
roadway luminance from a horizontal footcandle specification. 
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