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FIGURE 1 Components of the National Research Council 
Canada luminance and image analysis system known as 
CapCalc. 

FIGURE 2 Digitized image of a roadway scene generated by 
CapCalc. 

cialists concerned with specifying roadway size and luminance 
information. 

Several months have been spent in developing and cali
brating the system (5). Its photo?iC spectral response is equal 
to or better than that of conventional spot luminance pho
tometers and can provide luminance data under all conven
tional light sources. It responds linearly to light from mesopic 
levels (about 1 cd/m2) to high photopic (daylight) levels; the 
dynamic range can be adjusted by manipulating the lens aper
ture and neutral density filters . The system's response remains 
constant over the entire field-of-view so that a given luminous 
point anywhere in the visual scene will produce the same 
luminance value from any of its pixels. Further, the calibrated 
zoom lens yields accurate information about the apparent size 
of objects. Thus, CapCalc is a true imaging photometer that 
can provide accurate object luminance and size information 
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throughout the entire visual scene in a matter of seconds. 
Additionally, data can be stored for subsequent retrieval and 
assessment, making CapCalc a practical system for specifying 
visual stimuli on roadways. 

VISIBILITY CRITERIA 

Distinct from the concept of visual stimuli, but of equal impor
tance, is the ability to evaluate those stimuli in terms of vis
ibility. In other words, it is necessary to have a model of 
visibility that will predict a driver's response to the visual 
characteristics of a roadway. 

Seeing is a complex process, and there is no single definition 
of visibility that is appropriate for every task. Rather, a suit
able definition will depend upon the situation. If, for example, 
the presence or absence of a target has to be detected, without 
regard for the time required to perform the task, a detection 
threshold model of visibility will suffice. If, on the other hand, 
a suprathreshold target must be identified (a muffler or paper 
bag lying on the roadway) within a limited length of time, a 
detection threshold model is inherently inappropriate. 

Detection Threshold Models 

Visibility has often been defined in terms of detection thresh
old (6,7). Such a definition is appropriate if the concern is 
only with the break-point between seeing and not seeing. For 
most roadway applications, however , objects are above the 
detection threshold, so that this definition is of limited utility 
for establishing visibility recommendations, standards, or 
guidelines for roadways. This limitation has been recognized 
by those trying to establish visibility performance criteria (8). 
To evaluate the visibility of suprathreshold objects, it has been 
assumed that all objects with contrasts at three times their 
respective detection threshold values will be equrrlly visible. 
In principle then, a visibility performance criterion of three 
times detection threshold might be recommended, but the 
assumption underlying such a recommendation would not be 
valid. 

Detection threshold is only one of many constant criteria 
that can be adopted by a human observer over the full range 
of visual response. In fact, an observer could adopt both 
detection and readability criteria for the same object (9,10). 
For example, the amount of contrast (size or overall lumi
nance) required to read a sign is greater than that required 
to detect the sign. Readability is a higher threshold criterion 
than detection because a higher level of visual response is 
required. 

Contrast threshold data can be obtained for a wide range 
of adaptation (overall luminance) levels. Importantly, the 
threshold functions for detection and for readability relating 
contrast and adaptation luminance differ not only in height 
but in shape as well (see Figure 3). Because the two threshold 
functions are not separated by a single multiple over their 
entire range, it is incorrect to assume that two objects at three 
times their respective detection threshold will be equally visible 
(9). 
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FIGURE 3 Detection and readability threshold data for steady 
viewing of five-digit numbers (16). 

Constant Criteria from a Suprathreshold Model 

Relative Visual Per/ ormance 

It is possible to establish constant criteria and determine lines 
of "equal visibility" if a complete set of suprathreshold func
tions is available. Figure 4 is from the suprathreshold visual 
performance model developed by Rea (11) and shows Rel
ative Visual Performance (RVP) changing as a function of 
contrast for three adaptation levels. Zero on the ordinate 
corresponds to the "readability" threshold criterion . Other 
higher constant criteria can be adopted by selecting a given 
ordinate value. For example, three contrast values, A, B and 
C, have been derived for 169, 50 and 12 cd/m2

, respectively, 
from the constant criterion of RVP = 0.8. 

Figure 5 shows several constant criterion (or threshold) 
lines from the RVP model in a log contrast versus log lumi
nance coordinate system along with the three derived contrast 
values at 169, 50 and 12 cd/m2 from Figure 4. It is important 
to recognize that in Figure 5 these constant criterion functions 
are not parallel in the log contrast versus log luminance coor
dinate system (i.e., they are not separated by fixed multiples). 
Again , equal visibility lines cannot be obtained by simple fixed 
multiples of detection threshold. It is possible to set equal 
visibility levels, however, but only after a complete set of 
suprathreshold functions has been obtained. In any event, a 
visibility performance criterion can be established by adopting 
a constant criterion in a suprathreshold visibility space (see 
Figure 6). 

Appearance 

A visual performance model based upon speed and accuracy, 
similar to that illustrated in Figure 6, is not the only possible 
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FIGURE 4 Constant luminance lines from the Relative Visual 
Performance (RVP) model developed by Rea (11). The curves 
are labelled in units of background luminance, cd/m1• Points 
labelled A, B, and C are derived from a constant criterion of 
0.80 from the RVP model for 169, SO, and 12 cd/m2, 

respectively. 
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FIGURE 5 Constant performance lines through the 
Relative Visual Performance (RVP) model developed by Rea 
(11). The curves, lal.lelled in uuils uf RVP, are comparal.lle 
to threshold functions. Points labelled A, B, and C 
correspond to those derived in Figure 4. 
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FIGURE 6 A three-dimensional representation of the Relative 
Visual Performance (RVP) model developed by Rea (11). 

suprathreshold visibility model. A suprathreshold model of 
"apparent visibility" could also be determined by magnitude 
estimations of the type described in the previous section using 
"human instruments." Several investigators have shown that 
magnitude estimations are related to stimulus contrast by a 
power function with an exponent near unity (12). In other 
words, the contrast response function is nearly linear when 
using magnitude estimations. An "apparent visibility" model, 
which has yet to be developed, could, in principle, be used 
to establish a visibility performance criterion. It would be less 
appropriate for roadway applications, however, because it 
would not model the speed and accuracy of visual response 
that are critical for safe driving. Rea and Ouellette (13) have 
recently extended Rea's (11) model using reaction times. They 
show that reaction times to low-contrast (e.g., 0.2) small (e.g., 
2 x 10- 6 steradians) targets will require more time to process 
at 1 cd/m2 than at 10 cd/m2

• At 100 kph, or 28 m/s, their model 
predicts an incremental distance for avoidance of 11 m for a 
typical 20 year old and 22 m for a typical 65 year old (assuming 
there have only been changes in retinal illuminance with age). 
These calculations assume that at 1 cd/m2 the 20 year old has 
a retinal illuminance of about 18 trolands and at 10 cd/w2 

retinal illuminance will be about 130 trolands. The 65 year 
old, on the other hand, will have retinal illuminances of about 
10 and 76 trolands, respectively. Nevertheless, it is interesting 
to compare responses based upon "apparent visibility" (from 
magnitude estimations) and RVP (based on speed and accu
racy) to the same stimuli. 

RVP Versus Appearance 

Subjects in two independent experiments were presented with 
lists of printed numbers having different contrast created by 
variations in the ink pigment density and the lighting geom
etry. In one experiment (11) subjects were obliged to read 
the numbers as quickly and accurately as possible. In the other 
experiment subjects were asked to rate, from 0 (threshold) 
to 10 (very black on white), the apparent contrast of the num
bers; background luminance was held constant at 20 cd/m2 in 
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this experiment. Figure 7 compares the functions derived from 
the two experiments at 20 cd/m2 and shows that for the same 
stimulus the suprathreshold visual responses are markedly 
different and depend upon the task required of the subjects. 
Under these stimulus conditions the RVP function, based 
upon speed and accuracy, follows a well documented, step
like function (11,13). On the other hand, the "apparent vis
ibility" of the same numbers is an almost linear function of 
contrast. These different responses may have neurologically 
different bases in the visual system (14,15). 

To establish a correct visibility performance criterion then, 
one must consider the driver's task. This will determine the 
appropriate visual model. Since speed and accuracy are crit
ical to driver performance and appearance is not, the RVP 
model is more appropriate for roadway visibility criteria. 

CONCLUSION 

Two problems must be resolved before suitable recommen
dations and standards for roadway visibility can be estab
lished. First, an appropriate visibility performance criterion 
must be set, and second, practical techniques must be found 
for evaluating compliance with that criterion. Performance 
criteria based upon detection threshold are not appropriate 
because suprathreshold visibility must be considered. Although 
an "appearance" criterion would be based upon suprathres
hold visual response, it does not consider the speed and accu
racy of visual proc sing. Thus, a 1110clel of suprathreshold4" 
visual performance like RVP that is based upon speed and 
accuracy should be used in setting criteria for roadway 
performance. 

In principle, then, it is possible to establish appropriate 
performance criteria for roadways using the RVP model. For 
example, on rural highways having little traffic, an RVP model 
of 0.50 might be recommended. Congested urban freeways 
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FIGURE 7 Two types of suprathreshold 
response to the same stimulus: printed five-digit 
numbers of different contrast. The solid line is 
based upon responses of speed and accuracy from 
the RVP model developed by Rea (11); the 
dashed line is from unpublished data using 
magnitude estimations of apparent contrast. 
Adaptation luminance was 20 cd/m2 for both sets 
of data. 
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might require a higher recommended performance criterion 
of 0.80. Such standards would naturally translate into better 
roadway markings and illumination on urban freeways than 
on rural roadways. In essence, a priori performance criteria 
from the RVP model can be established by sanctioning bodies 
in accordance with "good practice." The roadway engineer 
would be left to achieve those performance levels with the 
most cost effective or innovative solutions. 

To determine compliance with the recommended perfor
mance criterion, it is necessary to take measurements of the 
important stimulus aspects on the roadway. Subjective tech
niques using human beings as "instruments" are of dubious 
value for roadway applications. More conventional techniques 
employing tape measures and luminance spot photometers 
could be used, but they are impractical and prone to error. 
A computer-based imaging photometer like the NRCC CapCalc 
system can, however, acquire and store all of the relevant 
stimulus parameters (size, contrast and adaptation luminance) 
in a matter of seconds. 

Such a device can also analyze the impact of these param
eters on driver performance according to the recommended 
performance criteria. Software, implementing a recom
mended model of visual performance (based upon speed and 
accuracy), can be written to analyze the stimulus conditions 
on the highway. It can also incorporate transformations of 
the visual stimulus according to age-dependent changes in the 
optical characteristics of the eye. This one device can, there
fore, acquire the relevant aspects of the stimulus and analyze 
their impact on visual performance in a matter of seconds. 

SUMMARY 

Current studies of the responses of the human visual system 
have produced a computational model of visual performance 
that is based upon speed and accuracy. Such a model is most 
appropriate for roadway visibility because speed and accuracy 
are important for safe driving. Specifications of minimum 
acceptable performance levels for different roadway appli
cations can effectively guide roadway engineers in their designs. 

Recent developments in imaging photometry enable engi
neers and enforcing bodies to determine whether specific 
roadway designs comply with requirements. Such systems make 
sophisticated evaluation of roadway visibility practical for the 
first time. 
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