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Abstract. Highway signs provide important information to drivers to assist in navigation, to identify potentially haz-
ardous roadway locations, and to remind drivers of safe operating practices. Ensuring that signs have sufficient visibil-
ity to the driving public is a key undertaking by transportation agencies. In order to assist in evaluating and comparing 
different materials for photometric and visual performance, the present study was undertaken to assess the utility of 
specifying sign sheeting performance in terms of visual performance. As part of this effort, a practical methodology 
for conducting field measurements of sign luminance along roadways was developed. In addition to describing the 
methods for an approach to visual performance based specifications, a spreadsheet tool for calculating minimum sign 
luminance and visibility from different sign sheeting materials was also developed.
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Introduction

Highway signs are critical elements of the roadway in-
frastructure, providing important information to driv-
ers to assist in navigation, to identify potentially haz-
ardous roadway locations, and to remind drivers of safe 
operating practices. In the US, the Manual on Uniform 
Traffic Control Devices (MUTCD) requires that guide 
signs (containing destination and exit information) be 
either illuminated or retroreflective. In many locations 
in New York State, overhead guide signs often use both 
retroreflective materials and external illumination. Ex-
ternal sign lighting systems have high installation and 
operating costs, require difficult maintenance especially 
in urban locations with high traffic densities, and can 
contribute to light pollution. Using materials with suf-
ficient retroreflectivity to ensure good nighttime vis-
ibility might make sign lighting unnecessary in some 
situations. However, it is also desirable to ensure that 
retroreflectivity is not superfluous to visibility in order 
to prevent excessive costs.

The present paper describes research activities un-
dertaken to assist transportation agencies in evaluating 
sign material types based on their existing performance 
specifications. The primary method used to characterize 
the visibility of signs in this paper is the Relative Visual 
Performance (RVP) model (Rea, Ouellette 1991).

Specifications for the performance of retroreflective 
sign materials such as those published by the American 
Society for Testing and Materials (ASTM D4956-16) are 
given in terms of photometric performance such as the 
luminance of the sign material for a given illuminance 
[cd/lx/m²] under specific geometric conditions. In the 
laboratory and in the field, photometric measurements 
of the luminance of a sign can be made. By themselves, 
these photometric quantities do not translate directly 
into meaningful measures of visibility, because visibility 
depends not only on the luminance but on other factors. 
The RVP model (Rea, Ouellette 1991) is a calculation 
model that predicts the speed and accuracy of visual 
processing for different combinations of several impor-
tant visual parameters:

 – background luminance;
 – luminance contrast between target and back-
ground;

 – target size;
 – observer age.

RVP values range from zero at the threshold of ob-
ject identification, to one under a reference condition 
corresponding to reading large, high-contrast printed 
text on white paper under office light levels (500 lx). 
RVP values even higher than one are possible with even 
higher contrast, larger size or higher light levels. RVP 
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is proportional to the speed of visual processing. RVP 
quantities tend to exhibit a plateau and escarpment qual-
ity whereby once light level, contrast and size provide 
a high level of visual performance, further increases in 
any of these factors will not substantially improve visual 
performance (it is said to be on the plateau). However, 
if light level, contrast or size were to decrease enough 
to place visual performance on the edge of the plateau, 
even small reductions in any of these factors could result 
in large decrements in visibility.

Quantities derived from the RVP model were high-
ly correlated with visual acquisition times for simulated 
overhead guide signs varying in luminance and contrast, 
measured by Schnell et al. (2009). RVP quantities were 
also highly correlated with symbol orientation identifi-
cation times in a separate laboratory study of highway 
sign visibility (Goodspeed, Rea 1999). The RVP model 
is used in this study as a way to describe the visibility of 
sign symbols and characters based on their luminance, 
contrast, and size characteristics, for different geometric 
conditions and by drivers varying in age. First, however, 
it was necessary to conduct field measurements to iden-
tify the range of luminances of guide signs in an existing 
real-world sign installation.

1. Sign Luminance Field Measurements

1.1. Method
Several guide signs (white characters on a green back-
ground) along the Bruckner and Cross-Bronx Express-
ways in New York City were installed using two different 
high visibility reflective sign sheeting materials. Specifi-
cally, Type IX and Type XI sheeting meeting the ASTM 
D4956-16 specifications for retroreflective sign sheeting 

materials were installed. In general, these specifications 
require higher levels of retroreflectivity in [cd/lx/m²] 
than sheeting materials meeting Type III designations. 
Which sign panels used which materials were unknown 
to the project team until after all field measurements 
were made.

The overhead guide signs that were selected for 
field measurement, and the relevant viewing distances, 
selected in cooperation with the New York State Depart-
ment of Transportation (NYSDOT), are shown in Fig. 1. 
Most of the viewing distances for the selected signs were 
between 430 and 660 ft (130 and 200 m) from the signs. 
Since both the background and sign characters used 
the same sheeting types, and since previous measure-
ments (Bullough et  al. 2010) showed that the relative 
luminance contrast between the green background and 
the white characters was constant when they used the 
same material types, only the green backgrounds were 
measured. This permitted measurements to be made 
without complex optical accessories in place that would 
be required to measure the luminance of individual 
characters, which would increase the scatter within the 
photometric instrumentation and reduce measurement 
precision.

Photometric measurements were made using a 
narrow-angle luminance meter (Minolta LS-110) with 
a 0.33° aperture. The procedure developed in conjunc-
tion with NYSDOT was to measure the signs along the 
northbound direction of the expressway containing the 
signs to be measured, and then to turn around and mea-
sure the signs in sequence along the southbound direc-
tion. Two nighttime sets of measurements were made, 
one in the fall of 2013 (session 1) and one in the fall 
of 2014 (session 2). The measurements occurred during 

Location number Sign number(s) Direction Mounting Distance Viewing station Comments
8 9 NB Arm 150 8 + 840
4 40, 5 NB OH Structure 150 8 + 140
1 1, 1 NB OH Structure 200 7 + 695

24 25, 42 SB Bridge 130 9 + 280
30 34, 32, 30 SB OH Structure 200 8 + 490 Best view from LEFT Lane
33 34, 32,43 SB OH Structure 200 8 + 095
36 34, 32, 37 SB OH Structure 200* 7 + 850 *View at 150 m also, 7 + 800

38A 44, 45 SB OH Structure 135 7 + 650
Distances in meters

Fig. 1. Guide signs and locations selected for the initial field measurement sample.  
Also shown are the viewing distance(s) and mounting type for each sign. Multiple sign numbers  

appear at different locations when duplicate sign panels appeared before a highway exit
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dry, clear weather with no condensation present on the 
sign panels.

During both sessions, researchers rode in a pas-
senger vehicle operated by a NYSDOT engineer. One 
researcher used a LIDAR range finder (Bushnell) to 
measure the distance to the signs from the front pas-
senger side seat, and another sat in the seat behind the 
driver and measured luminances over the shoulder of 
the driver to simulate the driver’s line of sight. All mea-
surements were made through the front windshield. As 
close as practical to the designated measurement dis-
tance, a luminance measurement was made for each 
sign panel at that location with the passenger vehicle’s 
low beam headlamps switched on. Then, a second lu-
minance measurement was made for each sign panel 
with the low-beam headlamps of the passenger vehicle 
switched off. The measurements at each location typi-
cally took between 1 and 2 minutes. All measurements 
were made from the rightmost traffic lane.

1.2. Session 1 Measurements
Table 1 lists the ASTM types and measured luminance 
values of each of the signs measured during session 1, as 
well as the differences between each pair of values with 
headlamps switched on and off. This difference provides 
an estimate of the retroreflective luminance of the signs 
while disregarding luminance from ambient light along 
the highway from other sources of light. The maximum 
retroreflective luminance was 17.9 cd/m² and the lowest 
retroreflective luminance was 0.8 cd/m².

Table 1. Summary of photometric measurements  
and retroreflective luminances for each of the measured  

signs in session 1

Location ASTM 
type

Luminance [cd/m2]
Difference 

[cd/m2]headlights 
on

headlights 
off

Northbound
1 XI 6.0 4.0 2.0
1 XI 7.3 4.4 2.9

4 & 30 IX 2.8 1.8 1.0
4 & 30 XI 6.3 2.4 3.9

8 IX 3.2 1.8 1.4
Southbound

24 IX 2.2 0.9 1.3
24 XI 3.5 1.5 2.0

4 & 30 IX 2.5 1.1 1.4
4 & 30 XI 2.1 1.1 1.0

33 IX 4.1 1.1 3.0
33 XI 2.7 1.5 1.2
33 XI 4.1 2.2 1.9

36 (199 m) XI 6.4 3.5 2.9
36 (199 m) XI 22.3 4.4 17.9
36 (160 m) XI 3.9 1.7 2.2
36 (160 m) XI 5.9 3.8 2.1

38A IX 1.7 0.9 0.8
38A XI 3.9 1.1 2.8

1.3. Session 2 Measurements
Table 2 lists the ASTM types and measured luminance 
values for session 2, as well as the differences between 
each pair of values with headlamps switched on and off. 
This difference provides as estimate of the retroreflec-
tive luminance of the signs while disregarding lumi-
nance from ambient light along the highway from other 
sources of light. The maximum retroreflective luminance 
was 4 cd/m² and the lowest retroreflective luminance 
was 0.1 cd/m².

Table 2. Summary of photometric measurements  
and retroreflective luminances for each of the measured  

signs in session 2

Location ASTM 
type

Luminance [cd/m2]
Difference 

[cd/m2]headlights 
on

headlights 
off

Northbound
1 XI 5.6 2.1 3.5
1 XI 5.9 4.5 1.4

4 & 30 IX 2.2 1.6 0.6
4 & 30 XI 3.6 2.7 0.9

8 IX 1.8 0.7 1.1
Southbound

24 IX 3.6 2.1 1.5
24 XI 5.0 3.7 1.3

4 & 30 IX 2.7 1.5 1.2
4 & 30 XI 3.3 1.5 1.8

33 IX 1.6 0.8 0.8
33 XI 2.6 0.8 1.8
33 XI 3.6 1.1 2.5

36 (210 m) XI 3.6 3.2 0.4
36 (210 m) XI 8.6 4.6 4.0
36 (150 m) XI 2.2 1.1 1.1
36 (150 m) XI 3.9 2.7 1.2

38A IX 0.8 0.7 0.1
38A XI 2.0 1.5 0.5

1.4. Comparison Between Sessions 1 and 2
Although the measured values in session 2 were gener-
ally lower than they were for session 1 (about 40–50% 
lower, on average), a paired, two-tailed Student’s t-test 
revealed that the difference between the sets of measure-
ments was not statistically significant (p > 0.05), an un-
surprising finding given the limited sample size. There 
was, however, a modest but statistically significant cor-
relation between the corresponding sets of measurement 
values (r = +0.59, p < 0.01), indicating that the brightest 
signs in session 1 tended to be brightest in session  2, 
and the dimmest in session 1 tended to be dim in ses-
sion 2. In fact, the brightest sign in each measurement 
set, as well as the dimmest, were the same. The correla-
tion between the sessions suggests a degree of consist-
ency between the measurements. However, since the 
sign with the highest luminance in each session was so 
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much brighter than the others, the statistical strength 
of the correlation depends in large part on this pair of 
measurement values, and the correlation, while promis-
ing, should be interpreted cautiously.

The lower luminances for the second set relative 
to the first is probably not related to the fact that the 
second session occurred a year after the first. This is 
because sign retroreflectivity degradation studies have 
typically found annual retroreflectivity degradation rates 
of about 2% per year – summarized by Ré et al. (2011), 
not 40–50% as would be suggested by the luminance 
measurements in sessions 1 and 2. During the second 
session, experimenters observed that the vertical aim 
cutoff of the headlamps used in the measurement ve-
hicle was substantially lower during the second set of 
measurements than it was during the initial set. Verti-
cal downward aim of automotive headlights is not un-
common on vehicles in the US (Skinner et al. 2010). It 
seems likely, given this observation, that the differences 
in measured luminances were largely caused by the dif-
ference in headlamp aim between sessions. Bullough 
et  al. (2010) similarly found systematic differences in 
sign luminance were caused by differences in headlamp 
conditions between measurement sessions.

There was a statistically significant difference 
(Mann–Whitney test, p < 0.05) between the luminances 
of the Type IX (session 1: 1.6 cd/m², session 2: 0.9 cd/ m²) 
and Type XI (session 1: 3.1 cd/m², session 2: 1.7 cd/m²) 
materials. On average, the luminances of the Type IX 
materials were 54% of the luminances of the Type XI 
materials. This corresponds well with the specified mini-
mum differences between these two ASTM D4956-16 
types for the geometric conditions associated with the 
measurements, where the specified minimum retrore-
flectivity for Type IX materials is 57% of the specified 
minimum for Type XI materials.

1.5. Summary of Field Measurements
The previous results indicate that field luminance meas-
urements have some value for assessing the visibility 
characteristics of highway signs, but that there are also 
important caveats. The primary caveat is that the abso-
lute value of the luminances depends very strongly on 
the type and conditions of the headlamps used when 
making the measurements. Nominally, identical meas-
urements were made in each session, but observed dif-
ferences in headlamp vertical aim resulted in large (40–
50%) differences in the measured luminances.

Nonetheless, the technique of subtracting the in-
fluence of ambient light appears to be a practical way 
to evaluate the influence of vehicle headlamps alone on 
retroreflective sign luminance. In addition, the correla-
tion between the measured values in each session, as 
well as the differences between sign material types that 
were consistent with the ASTM D4956-16 type specifi-
cations, suggests that it is possible to differentiate among 
different sign sheeting material types based on field lu-
minance measurements.

2. Visual Performance Analyses

Since the measured signs were all guide signs using 
green backgrounds with white letters, the analysis of ret-
roreflective luminances presented in this session is based 
on overhead sign geometry using green as the color of 
the background sign sheeting. A sign height of 21.5 ft 
(6.6  m) was assumed as well as a headlamp height of 
2.79 ft (0.85 m) and a driver eye height of 4.83 ft (1.5 m), 
based on normative data published by Carlson et  al. 
(2010). A forward tilt of 3° was also assumed. For the 
headlamps, data representing a 2004 US-market-weight-
ed low beam pattern (Schoettle et al. 2004) were used to 
estimate the luminous intensity from the headlamps in 
the direction of the signs. While other headlamp inten-
sity distribution data could be used, a primary purpose 
of the visual performance analyses was to characterize 
differences between different sheeting material types, 
and different assumed headlamp patterns would still re-
sult in the same illuminance being produced on a sign 
for any given geometry. Every 100 ft (30.5 m) between 
200 ft (61 m) and 1000 ft (305 m) from the sign, the 
entrance and observation angles were calculated for the 
light source/driver/sign geometry, and the luminous in-
tensity from two headlamps in the direction of the sign 
was calculated. As an approximation, both headlamps 
were assumed to be directly in the center of the vehicle 
behind the sign; this resulted in a maximum horizontal 
angle error of 0.5°. Using the inverse-square law, it was 
possible to estimate the illuminance on the sign accord-
ing to the relationship:

=
2
,IE

d
  (1)

where: E is the illuminance on the sign [lx]; I is the sum 
of the luminous intensities from the pair of headlamps 
[cd]; d is the distance to the sign [m], converted from ft 
to ensure proper units of illuminance.

Table 3 shows, for distances from the sign between 
200 ft (61 m) and 1000 ft (305 m), the resulting entrance 
and observation angles and the illumination on the sign. 
The columns in Table 3 corresponding to the entrance 
and observation angles have color-coded shading based 
on the typical angles included in the published specifica-
tions (ASTM D4956-16). For example, if the observation 
angle is equal to or less than 0.5° but greater than 0.2°, 
the reference observation angle used to estimate the sign 
luminance is 0.5°. It is assumed that the actual coeffi-
cient of retroreflection at angles less than a particular 
angle will be at least the same value as at the next largest 
reference angle. Similarly, entrance angles in Table 3 are 
color coded based on the next largest reference entrance 
angle (either 4 or 30°).

Finally, in order to estimate the luminance as ob-
served by a driver, a windshield transmittance of 80% 
is assumed in the present analyses, which is a typical 
value based on several field measurements conducted 
by the authors.
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Fig. 2 shows, for each of the ASTM D4956-16 sign 
material types, the minimum luminances that can be 
expected from low beam headlamps for the geometric 
conditions listed in Table 3, plotted as a function of the 
distance from the sign. Each of the curves in Fig. 2 are 
composed of different segments; each segment corre-
sponds to a particular range of observation angles (i.e., 
less than 1° but greater than 0.5°, less than 0.5° but 
greater than 0.2°, and less than 0.2°). All of the entrance 
angles for all viewing distances are less than 4°. Some 
curves (i.e., for ASTM types I and II) have no values 
for distances less than 400 ft (122 m) because the speci-
fied definitions of these types do not include observa-
tion angles greater than 0.5°, and there is therefore no 
definition of minimum performance for the materials 
represented by these curves.

It should also be emphasized that the luminance 
values in Fig. 2 are minimum values based on the lim-
ited angles included in the material type specifications, 
not luminances likely to be experienced in the field. For 
a particular sheeting material of any these types, the ac-
tual luminance for any particular geometry in the field 
could be substantially higher than represented by the 
curves in Fig.  2. With a full set of measurement data 
corresponding to angles at much smaller intervals than 
the tabulated retroreflectivity data published by ASTM 
D4956-16 it would be possible to provide more accurate 
estimates of the sign luminances for a given geometry, 
but it is critical to understand that the ASTM D4956-
16 type specifications are limited in the angles at which 
actual performance is specified. Therefore, the data in 
Fig.  2 represent a floor, below which the luminances 
would not be expected to fall, for each material type.

By themselves, the curves in Fig. 2 do not indicate 
whether the information on a sign with those luminanc-
es would be legible. Using the RVP model (Rea, Ouel-
lette 1991), such analyses can be made. It is assumed, 
based on measurement data from Bullough et al. (2010) 
for overhead guide signs, that the luminance contrast 
between the green background and the white letters on 
the signs is 0.8, and that the character size of interest is 
a 16 inch (40.5 cm) letter height. A driver age of 60 years 
is assumed, this being at the upper limit of the RVP 

model, beyond which systematic changes in the visual 
system begin to break down, and substantial variations 
among individuals can be found.

For sign characters corresponding to these assump-
tions, and using the sign luminance values in Figs 2 and 
3 shows the resulting RVP values for each of the ASTM 
D4956-16 sheeting material types.

These curves provide the user with quantitative 
comparison of the minimum RVP that each material 
type could provide under a particular geometric and 
headlighting condition. The usefulness of these curves 
can be illustrated by comparing the luminance and RVP 
curves in Figs 2 and 3 with the measured data from the 
field measurements described previously in this paper. 
Fig.  4 shows the measured luminances for each mea-
surement session plotted as a function of the distance 
at which they were measured, alongside the luminance 
curves for the ASTM D4956-16 types.

Most of the measured luminances in Fig. 4 exceed 
the minimum values expected of most of the sign mate-
rial types. One sign in the second measurement session 
had a relatively low luminance (0.1 cd/m²). Using the 
RVP model (Rea, Ouellette 1991), the RVP values corre-
sponding to the visual performance of 16-in. characters 
on the sign by 60-year-old drivers at the measured dis-
tances were calculated. Fig. 5 shows the measured RVP 
alongside the ASTM D4956-16 sign material types.

Table 3. Geometric and illumination conditions from low-beam headlamp illumination for overhead guide  
signs viewed from difference distances

Distance 
[ft]

Average observation angle 
[deg]

Average entrance angle 
[deg]

Intensity toward sign 
[cd]

Illuminance on 
sign [lx]

200 1.00 2.40 275 0.0740
300 0.65 0.70 446 0.0533
400 0.47 0.40 552 0.0371
500 0.37 0.90 670 0.0288
600 0.31 1.20 763 0.0228
700 0.26 1.45 877 0.0193
800 0.23 1.70 1008 0.0170
900 0.20 1.83 1167 0.0155

1000 0.18 1.95 1288 0.0139

Minimum overhead guide sign luminances as viewed 
through the windshield (t = 0.8)
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Fig. 2. Minimum overhead sign luminance, as a function 
of distance from the sign, for each of the ASTM D4956-16 

sheeting types
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The data in Figs 4 and 5 clearly illustrate the plateau 
nature of RVP (Rea, Ouellette 1991). Despite large varia-
tions in measured luminance values in Fig. 4 (from 0.1 to 
17.9 cd/m2, a greater than hundredfold range), the RVP 
values in Fig. 5 exhibit much less variation (from 0.3 to 
0.9, a range of about three to one). Almost all RVP val-
ues, with the exception of one sign from session 2 with 
the lowest (0.1 cd/m²) measured luminance, are near or 
above the curves corresponding to ASTM material types 
IX and XI. The lowest measured luminance value in the 
second measurement set could have been caused by ex-
traneous light sources in the scene when the headlights-
off measurement was made, or by a slight misorienta-
tion of the measurement vehicle away from the signs for 
this particular measurement (the measured luminance 
of the sign adjacent to the lowest-luminance sign was 
also relatively low, 0.5 cd/m², which is consistent with a 
possible difference in vehicle orientation for this pair of 
measurements).

Notwithstanding this single measurement, which 
corresponds to less than 3% of the total number of field 
measurements made in the present study, the measured 
data and corresponding RVP analyses confirm that the 
measured signs meet or exceed the minimum perfor-
mance requirements for both types of highly reflective 
sign sheeting materials used in the measurement loca-
tion for the present study.

3. Sign Luminance/Visual Performance  
Calculation Tool

Using the methodology described in the previous sec-
tion to estimate the minimum luminance and visual 
performance for signs varying in geometry, color, and 
sign material type, a spreadsheet tool was developed to 
permit users to specify sign, driver and geometric char-
acteristics and calculate the minimum values. Using data 
provided by the user, the main sheet of the spreadsheet 
tool provides a summary graph of the sign luminance 
and of the RVP values associated with the minimum 
performance specifications for a given material for a 
range of distances from the sign. The user inputs the 
following information:

 – vehicle headlamp height [ft];
 – driver eye height [ft];
 – sign height [ft];
 – lateral offset of the sign (distance to the right or 
left of straight ahead – right is positive and left is 
negative) [ft];

 – sign tilt [deg];
 – background color (white, yellow, orange, red, 
green, blue or brown);

 – sheeting type (ASTM type I, II, III, IV, V, VI, 
VIII, IX or XI);

 – letter height [inch];
 – windshield transmittance, a unitless quantity 
from 0 to 1;

 – driver age [years].

Fig. 3. Minimum RVP values for each ASTM D4956-16  
sign material type, as a function of viewing distance,  

for a 60-year-old driver

Fig. 4. Measured sign luminances for both measurement 
sessions, plotted as a function of the measurement distance. 
Also shown are the minimum luminances expected for each 
ASTM D4956-16 sign material type; different symbol shapes/

colors represent different sessions and sheeting materials

Fig. 5. RVP values corresponding to the measured 
luminances and distances, compared with the minimum 

RVP values expected for each ASTM D4956-16 material type 
(different symbol shapes/colors represent different sessions 

and sheeting materials)
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Based on the measured data from Bullough et al. 
(2010) it is assumed that the luminance contrast of the 
letters against the background is always high (0.8) by 
design. Default values for common situations (vehicle 
types, sign locations) are provided. For 100 ft (30.5 m) 
intervals from the sign ranging from 100 ft (30.5 m) to 
1000 ft (305 m), the spreadsheet displays the entrance 
and observation angles corresponding to the geometry, 
the luminous intensity from market-weighted median 
US low beam headlamps published by Schoettle et  al. 
(2004) in the direction of the sign, the minimum coef-
ficient of retroreflection for the geometric configuration 
(if applicable; some distances might result in angles out-
side the defined boundaries for some material specifi-
cations), and the resulting luminance and RVP curves 
for these distances. When data are outside the range the 
spreadsheet returns a blank or ‘N/A’ value.

Individual tabs within the spreadsheet tool contain 
the interim calculations for interpolating the headlamp 
intensity for each geometry, for identifying the retrore-

Fig. 6. Main screen of the spreadsheet tool showing calculated luminances and RVP values for a green overhead  
sign using ASTM D4956-16 type XI material

flection coefficient for each material, color and entrance/
observation angles (using a lookup table), and for calcu-
lating visibility using the RVP model. Fig. 6 shows the 
main screen for one particular sign calculation scenario, 
a green overhead sign using ASTM D4956-16 Type XI 
material, viewed by the driver of a passenger car. The 
spreadsheet tool can be downloaded from NYSDOT 
(2016).

4. Toward Performance Specifications

An objective of sign material selection is to ensure high 
levels of visibility and legibility of the signs, without 
using materials that might produce luminances much 
higher than needed for adequate visibility. An RVP level 
of 0.8 is considered (Rea 1989) to be one that ensures a 
high level of visual performance. In multiple studies of 
nighttime driver visibility, this level of performance has 
been found to be associated with consistent detection 
and identification of objects and potential hazards along 
the roadway (Bullough, Radetsky 2014).
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Carlson et al. (2010) suggest that based on driver 
eye-movement data, that viewing distances between 
320 ft (98 m) from the sign out to 640 ft (195 m) from 
the sign are those at which most sign reading is likely 
to occur. Given these considerations, one possible per-
formance specification could be to achieve a minimum 
RVP value of 0.8 for distances from the sign between 
320 ft (98 m) and 640 ft (195 m). Fig. 7 shows the mini-
mum RVP profile for a green overhead sign (mounted 
21.5 ft (6.6 m) above the ground with a 3o tilt, with 16 
inch (40.5 cm) characters, as viewed by a 60-year-old 
driver of a sport utility vehicle) using ASTM D4956-16 
Type III material; the minimum RVP values drop below 
0.8 between these distances. If the ASTM material type 
is changed to Type XI, the minimum RVP values remain 
at or above 0.8 between these distances.

Conclusions

The present paper describes a series of investigations to 
identify a process for design that can help to ensure spec-
ified levels of performance in terms of a driver’s ability to 
read and identify information on highway signage. The 
procedure uses published data on headlamp photomet-
ric performance in the past decade, and is based on pre-
sent specifications for sign materials published by ASTM 
D4956-16. It also uses a visual performance model (Rea 
and Ouellette, 1991) that has been found to be related 
to visual response and identification times in simulated 
sign viewing conditions (Goodspeed, Rea 1999; Schnell 
et al. 2009) as well as in outdoor field studies of visual 
object detection and identification (Bullough, Radetsky 
2014).

The present study also resulted in a useful pro-
cedure for conducting field measurements along busy 
highways at night with a minimum of disruption to traf-
fic. Portable luminance meters like the one used in these 
field measurements yielded consistent and reasonable 
measurement values based on the results of both sets 
of measurements, and can distinguish among different 
sign sheeting types (e.g., between ASTM Type IX and 
Type XI). It is important to consider, however, that field 
or laboratory measurements of luminance will nearly 
always yield higher luminance values than would be 
predicted from the sheeting specifications themselves; 
this is due to the limited number of angles at which per-
formance is defined in these specifications. Nonetheless, 
they are useful because the calculations based on the 
performance specifications provide the minimum floor 
of performance than can be expected.

Thus, the luminances and visual performance val-
ues predicted by the spreadsheet calculation tool de-
scribed in this paper are conservative, because they al-
low the user to estimate, for what appears to be the first 
time, the minimum performance that could be expected 
for given geometric and lighting conditions. In compari-
son, the field measurements conducted in the present 
study nearly always show substantially higher luminanc-
es than predicted by the calculation procedure that was 
developed. While tools exist from some manufacturers 

that may allow the user to evaluate a specific manufac-
turer’s sheeting materials (because the manufacturer can 
provide much greater detail about the performance of its 
sheeting than the sparse information included in generic 
(ASTM D4956-16) performance specifications), a tool 
for characterizing the minimum level of performance 
based on generic specifications has heretofore not been 
available.
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