





hazard’s presence and this awareness will lead
to improved performance. It is much more
prudent to compare the driver, whose night-
time visual abilities are typically unknown,
with a population average.

e most important detection criteria in
nighttime conditions is luminance contrast;
that is, how much light does the hazard re ect
or emit in comparison to the light re ected or
emitted by their background. e hazard may
in positive contrast (brighter than its back-
ground) or negative contrast (darker than its
background). Vehicle headlights typically cre-
ate positive contrast as they will illuminate a
pedestrian to a greater extent than the back-
ground which is far beyond them. Streetlights
on the other hand tend to create negative
contrast as they will light the road surface
to a greater extent than the vertical pedes-
trian. e combination of streetlights and
headlights could then potentially reduce the
overall contrast between the pedestrian and
their background.

Using a luminance meter, the luminance of
thesurrogate pedestrianand their background
can be recorded at various positions from the
approaching driver’s view.  is method re-
moves all subjectivity from the analysis as the
actual contrast can be calculated. Whether or
not this contrast is su  cient for detection by
the average driver in the speci ¢ scenario re-
quires further analysis.

One of the design approaches recommend-
ed by the Illuminating Engineering Society of
North America for roadway lighting layout is
small target visibility (STV).*® s is based
on a visibility metric which incorporates fac-
tors for target and background luminance,
target size, observer age and observation time,
contrast polarity (positive or negative), and
glaretocalculatea Visibility Level. A Visibility
Level of oneisde ned asthat value needed for
99.9% of laboratory observers to detect a tar-
get. Since adriver on the road is occupied with
many additional tasks, it is expected that they
would require some multiple of this threshold
value for detection.

Research has been performed to calibrate
this visibility model for nighttime driving
conditions.®  at is, the Visibility Levels that
are required by the average alerted or unalert-
ed driver under various scenarios have been
determined. Using the contrast measure-
ments gathered at the scene, Visibility Levels
can be calculated to determine the likely posi-
tion where an average driver could detect the
hazard. From that point, a typical avoidance
analysis can be performed allowing a suitable
perception/response time. In many cases, this
approach will show that the average driver
simply did not have su cient time and dis-
tance available to avoid.

The Pedestrian’s Point of View
For a driver, the pedestrian at night o en
represents a dark target viewed against a dark
background — an inherently di cult hazard
to detect. Conversely, if the vehicle headlights
are on, they will function as a very high con-
trast target against the dark background. So,
why do pedestrians cross in front of approach-
ing motor vehicles?

ere are several possibilities. First, people
generally have di  culty judging the approach
speed of vehicles. If the only visible cue is a
pair of headlights, this judgment could be
even more di cult. Secondly, weather con-
ditions may lead pedestrians to exhibit risky
crossing behaviours. For example, the “duck
the head and run” motion which is common
in the rain or the use of umbrellas (most of-
ten, black) without taking the time to glance
around them toward tra c are obviously
problematic. Finally, studies have shown that
pedestrians will generally overestimate the
distance that they believe they can be seen
from.

Allen et al had pedestrians on the side of
the road estimate the positions from which
they believed an approaching driver could
see them.” At the same time, the approaching
drivers indicated the distances from which
they could see the pedestrians. On average,
the pedestrians thought they could be seen
from twice as far away. If we apply the expec-
tancy correction to this data, it is likely that
pedestrians estimate they can be seen from
four times further than the driver is actually
capable of. isiswhy itis recommended that
pedestrians not cross until they have made eye
contact with the driver.

Summary

ere are physical reasons for a driver’s
reduced visual performance at night. e in-
creased dominance of the rod cells means that
luminance, or brightness, contrast becomes
the primary detection cue available to a driver.

at is, how bright, does a pedestrian appear
to be relative to its background? Since vehicle
and roadway lighting create this contrast in
di erent ways, they may actually reduce the
available contrast in certain combinations. If
contrast is reduced, the driver’s detection dis-
tance will also be reduced.

Other factors leading to lower detection
distances are poor weather, driver age, the
presence of oncoming glare, a smaller target
size, and target position. Due to the aim of
low beam headlights, pedestrians on the le
will be less visible than those on the right.

ese factors can be accounted for in scene
recreations where the re ected light from a
surrogate pedestrian and their background
can be measured. Calculations can then be
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performed to determine the position where
an average driver could have detected the
pedestrian.  is may be particularly use-
ful in avoidance analyses to aid in liability
apportionment.
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