i’ | - S 4 a4 a0l

@ﬂ [®= The Engineering Soc::ery H,,___,,/ - = L I—]L}%BS an—?

“ For Advancing Mobility y —
Land Sea Air and Space 400 COMMONWEALTH DRIVE WARRENDALE, PA 15 E f

~0486

é 3 T el s " |

o JA 2 o N S :
_% Tusaca ‘3}- 1 & el g % = g

L — s Afd §1 Y

870600

Visibility Problems in Nighttime Driving

Paul L. Olson
The University of Michigan
Transportation Research Institute

Heprinted from P-193-
Accident Reconstruction: Automobiles, Tractor-Semitrailers, Motoreycles, and Pedestrians

International Congress and Exposition
Detroit, Michigan
== February 23-27, 1987

e



i1 4 hk

| 74233 |

870600
NOT copy 2

Visibility Problems in Nighttime Driving

ABSTHACT

Many traffic accident cases
tions of driver wvisuval perception. It is common
for one of both sides to emolov experts in such
matters., Thase individuals often make use of
recffstructions in an effart to arrive at an
opinion concecning driver perception. While
suchl  reconstructions can be heipful, they can
also be very misieading, The opurpose of this
report Ls to review basic information concerning
visual perception, to lay a foundation for
understanding how the visual system works under
nighttime driving conditions. Applied research
on night driving will be covered as wall, with a
particular focus on detecting conditions in the
The report concludes with a sec-

forward £ield.
praoblems that can degtade visual per-

involve gques-—

tion on
formance at night.

THE PROBLEM - Many traffic accident cases argued
before juries in this eountcy involve guestions
of driver wisual perceptlon, e.g., what a drivec
could or should nave seen, when or at what dis-
tance he/she should have seen it., While prepar-
ing their case it L5 not unusual for one or both
gides to hire experts to address this issue.
The experts will sometimes prepare reconstruc-
tions of the event in an effort to estimate  the
values in guestion. ©@n the surface, this sounds
like an ideal approach. Indeed, it can scme-
times be wery useful. However, it has distinct
limitations. For example, estimating something
like nightrime detectilan distance for an object
by mgasuring the distance at which ane ar aven
several persons can see it in a reconstructleon
is like trying to estimate the stopping distance
of a large truck by using a sports car, Ho
judge would allow the latter type of ewvidence to
be introduced. Mo judge should allow the [ormer

evidence to be tntroduced either.
But, if one cannot estimate walues such as
these from a reconstruction, where are they to

come from? There are two possibilirvies.  First
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thara are data that can be helpful, if
knewledgeably emploved. Second, 1f all else
fails, reconstructions can be used. However,

the investigator must understand the limitations
af such an approach, 50 that appropriate corrac-
tions can be made to the resulting daca.

This paper 15 incended to summarize Lnfor-

mation on the guestion of driver visual percep-
tion under nighttime operating conditions. The
hape is that it will aid individuals Lnvolved in
accident =2nalvsis and reconstruction to netter
understand wisual perception and how Lts opera-
tion and limitations may atfect a given situa-
tian.
ENTIAL GSTEPS 1IN ORIVER IRFORMATION
BROCE KG - Before a driver can be expected to
make an appropriate response to  any roadway
situation four things have to happen. According
to Alaxander and Lunenfeld (1) these are:
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Detection. Detection results in a
scious awareness that something is present.

con-

2. TIdentification. In this step enough in—
formation Ls acguired about the "something" to
aliow the driver £o make an appropriate declsion
as o what, if anything, to do apoutr it. The
information would typic=lly inciude what the
something is, and, if it 15 capable of movement,

what it i5 deing., The identification nosed not
be complete in detail. For example, a driver
doesn"t have to know If the object ahead 15 a

cow, truck, or boulder; it is enough to know the
lane is blocked.
3. Decision. The driver decides on a

rasponse to the condition.

4. Response. Orders are issued Dy the
mator center of the brain to the appropriate
muscle groups to initiate the response decided
o,

The first
tification,
processing,

J

two steps, detection and iden-
involve perception and information
and will be the focus of much of
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this repert. The key point to be made here is
that detection and identification are different
processes. Correct identification does not
autcmatically follow detectton, and a failure in
either one can result in disaster.

Some accldents that have been attributed to
a failure on the part of the driver to maintain
a proper lookout were Juite passibly due te
misidentification. Scmetimes drivers £ind them-
salves in situations that can be deceiving. For
example, wehicles with unusually closely spaced
headlamps may look further away than they ac-
tually are. Other situations tax the limits of
the perceptual system., Examples of these will
be offered later. may not be passible to
determine with certainty what happensed in a
specific instance, but a more complete under-
standing of the cperaticn and limits of wisual
perception can at least aid in determining
whether the statements offered by a wWitness are
reasonable for a given set of circumstances.

DRIVER RESPOHSE TIME - The steps in infor-

T
it

pressing a button, response times of about 0.15
cecend will normally be obtained. As the amount
of anformation the subject 1s cfequired o

process i5 increased, responsa rime increases as
wall,

A number of
with the time
nrakes when

studies have been concerned
it takes a driver to apply the
confronted with sSome  Rind ot
stimulus. hi5 was sometimes measured by simple
tasks such as pressing the brake when a hood-
mounted light came on. An early review of such
data (2} concluded that brake reaction time for
the majority of drivers is between 0.5 and 0.7
second.
Thea

drivers o

real guesticn is how long does it take

respond to unexpected stimuli of
varigus types under realistic driving condi-
tions? Such studies are wery diffisult to carrcy
out because of the need for catching the subject
ynaware in a driving situation without causing
undue risk, However, in récent years there have
been some wvery interesting studies reported.

mation process just described require time fo For example, Triggs and Harris (3) observed the
accorplish. How mueh time is a question that .s response times of passing MOLOTists to a variety
not enly frequently raised in litigaticn, but 1s of conditions they had set up. Table ! is a
of considerable importance in roadway design as ligring of the 85th percentile reaction times
well. they found for the different situations. Kot
The time that it takes a person to respond all the conditions have the same urgency wvalua.
to 2 stimulus has been a subject of investiga- For example, the Roadworks sign, in the absence
tion for a long time, In the simplest of situa- &f avidence of eonstructicn, would not be  ex-
ticns, i.e., fully attentive young sSubject, a pected té elieit a strong response. The authars
clear stimylus, and a simple response such as alsc point out that the response of drivers to
Table 1
85th Percentile Reaction Time Values
C.R.B. "Roadworks Ahead" Sign 3.0s
Protruding vehicle with tyre change 1,58s
Lit wvehicle under repair at night 1.5s
Parked Pplice Vehicle Z,8s
amphometer* : Beaconsfield 3.4s
amphometer : Dandenong MHorth 3.b6s
amphometer : Gisbarne 3.6s
Amphometer : Tynong 2.54s
Railway crossing : Might (General Population) 1.50s
Railway crossing : Night (Rally drivers) 1.50s8
Railway crossing : [ay 2.53s
Car following 1.26s
From: Triggs and Harris, 1982,
*An amphometer is a speed-measuring device consisting of
. two pneumatic tubes spaced some distance apart. It 1S

commonly used in Australia,
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sq;muli such as a parked police vehicle or the
amphometer {a spesd measuring device) depends to
some degree on how fast they are I01ng relative
to the speed limit at the time of detection.
Summala (47 alse measured the response time
of passing Mmotarists. In one case he parked a
car by the side of the road, and briefly opened
the driver's door as a car approacned. HMeasuras

were made of the time from the door @pening  un-
til the approaching car Degan to move left. It
was found that this displacement began an

average of 1.5 seconds afrer the door opening.
In another study (5) subjects drove a test
yehicle for "familiarization™ purposes for  some
time, finally encountering an ohstacle in their
jane over a hillcrest. Hesponse times TO  This
stimulus ranged from 2.9 to 1.8 seconds.
Tha results of these investigations
sate that response times for drivers under
mal states of aiercness should be taken
not less than 1.5 seconds.
for less compelling
drug and alcohol
should be assumed.

Lndi-
nor-
Lo be
If allowance 15 made

stimuli, driver Cfatigue,
use, longer response times

THE HUMAN VISUAL SYSTEM UNDER NIGHTTIIME DRIVIHG
CONDITIONS
E¥E - The eye has often been comparsd
ta a amera. Indeed, there are substantial
similarities on a structural lewvel. Figure 1 is
a diagram of the esye;, with scme cf the principal
parts labeled. These can be described as Epl-
lows:

THE
c

The cornea is the transparent front surface
of the eye through which light enters.

The lens is cne of twe media that bring
light toa focus on the retina {the other is the
cornea)., The lens is flexible. It is suspendsd
in a netwaork of muscles that can change its fo-
cal length by causing it to Decome fatter or
thinnar. Bv so doing the lens can brind both
near and distan: objectis te a shatp focus, 4
DrOCeSs KNOWN a5 accommogdation.

The lens is an unusual structure in that It
continues o add lavers of ‘cells i roughout
Tife, Since it cannot grow larger it becomes
mare donse and less flexible instead. The
result of this is that the eye gradually loses
its ability to Eocus up close. This is called
presbyopia, and the result for many people 15 an
aventual need for reading glasses oOf pifocals.
The lens also becomes somewhat yellow with age,

“reducing the level of illuminaticn reaching the
retina, particularly from the blue end of the
spectoim,

The i1ris is The coluced porticn of the ava.
It functions to control che size of the ppaning
in front of the lens (the pupil), regulating the
amount of light that can enter. 1t is one of
two mechanisms '(the other other 1s the recina)
thar aliow the eye to functisn through a very
broad range of lighting conditions.

The maximum opening of the pupll becomes
laess with age, varying in diameter frcm about
7.5mm at age 20 to about 4.8mm at’® age B85 {B}-
In area, this iIs a change from about 44 to 18

-
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sguare millimeters, meaning that neacly 2. L/2
times more iight is getting bv the irls in a 20
vear old eye, compared to an 85 yeart ald eye,
under dark-adapted conditions.

The retina is the light-sensitive layer of
the eye, the central portion of which tg called

the fovea. The retina covers about two-thirds
of the interior of cthe ey= and contains the
light-sensitive cells. There are twWwo types of
cells, the rods and COMEs, which differ
functionally as well as in thelr distribution

throughout the fetina.

The cones function at higher 1light levels
{providing what is called photopic wvision), and
are wavelsngth sensitive, producing the sensa=
tion of color. Reds functien at lower light
levels (providing what is called scotopic wi-
cicn), and are not wavelength sensitive. Hence,
pure rod wision is in shades of gray. There is
3 Giddle range of light lewels in which both
rods and cones function. This is called mesopic
vision. Typically, night driving is done under
mesapic conditions (7).

Compared to rods, cones have far  fewer
neural ipnterconnections, hence are capable of
finer discrimipations. Cones are found ex-

clusively in the Zfovea, and in rapidly diminish-
ing numbers as one Mmoves away from the fovea.
feds are found throughout the retina, wWith the
axceprion of the fovea,

Eigure I.

Diagram of the human eye.

VISUAL PERFORMANCE - Measurement of visual
performance - The measure of visual performance
witn which most people are familiar is static
acuify. Static acuity 1s a measure of the
ability to distinguish fine detail in a station-
ary targar. It is typically represented as a
comparative figura, e.9., 40/20. The f£irst nus-
ner represents the performance of the person
being assessed, and it doss not change. The
cecond number represents the periormance of a
rerandard observer.® A secre of 20/20 means
that the person being tested can resglve fine
detail a5 well at 20 feet as can the standard
absesver, It does not meap "perfect wision,” as
people Sometimes claim. A scaee of 20/40, which
is sometimes sef as the lower limit af acuity
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for a driver's license, means the perseon being which the filter works is not understocod, the
tpsted can resolve fine detail as well atr 20 types of stimuli that are likely to pass it and
feet as can the standard observer at 40 feet. A result in a foweal fixation are known. In
person wWith an acuity ot 20/40 can read a high- general, the eye is-sattracted toward areas that
way sign at only half the distance of somecne contain a great deal of information, such as
with an acuity of 20/20. gancentsaticns ot Signs, lights, peaple,

There are a number of octher measures of etc. (9, 10, 11}; objects that diffar greatly
visual performance, many of which do not corre- frem their backgrounds in terms af brightnass,
late highly with statie acuity, but may be mean- color, tesxture, etc. (12); f£lickering er flash-

{ ingful din the driving context. Scme of thosa ing stimgli (12, 13); objects of large size
/ that are appropriate for night driving ares (1} {12}; and objects that are moving (12}, Host
low-luminance acuity, {2} low-contrast acsuity, pesple would probably agree that the charac-
p}tf1{3j_ glare suscepribility, (4) glare recovery, teristics listed are those that make something
A" “and (5) low-contrast targer detection threshold. "ronspicuous.”

Measures such as those listed are rarely taken,
except for oxperimental purposes, and it ig not
known whether they relate to accident 2K
perience.

Performance Implications From the Structura
of the Eye - The response characteristics gt the
rods and cones, and their distribution in the
retina, have implications E£or wisual perform-
ance. Under photopic and mesopic conditions We
can see most clearly things that are imaged of
the fovea. The guality of vision falls off wvery
rapidly as one moves away from the fovea. For
example, in daylight, if a parsen's acuity for
cbjects seen foveally is 20/20, acusty for ob-
jects imaged at five degrees Ercm the [ovea will
be about 20/60 (8).

Because the fovea is so small relative 1o
the entira visual fieid, detection typically cc-
curs: in the periphery. The eyes may then ha
cnifred to braing the detected object Lnto sharp
focus in the fovea as part of the identification
PIOCess. However, in order to be detected, an
object in the periphery must be much mDore con-
spicuous than if ics image had fallen cn the
fovea. One common ecror accident Ainvestlgatcors
make is attemoting to estimate nighttime detec-
tisn distances based on foveal inspection of the
scene, More about that later.

The Processing of WVisual Information - AL
any given point in time there may be a great
deal of information imaged on the retina.
However, in the nigher centers of the brain in-
formation is handled serially., This means that
people can typically concentrate on only cne
thing at a time. Humans have the ability =zo
rapidly switch from one item of information to
another if they wish to do so0, and can process a
great deal of information in a fairly short
period of time Lf necessary. Howaver, the
serial pature of human Iinformation preocessing
presents difficulties if there is other informa-
tion of which an individual should be aware.
Mot only is the new information likely to appear
in the periphery, where it is less well seen,
but it mus:t somehow capture the attention of an
cbserver who is guite possibly otherwise oc-
cuplied. In motor wvehicle operation, the time
available for all this te happen is typically
tairly short.

Fortunately, there is a mechanism, some-
times called the "peripheral filter,” the func-
tion of which is to determine what will come to
the attention of an observer. While the way in

“Conspicuity” can be defined as the charac-
teristics of an object that determine the
likelihood that it will come to the actention of
an observer. The fact that something may be
present in the wvisual field does not necassarily
mean that it will be detected; because Lt may ..
have less conspicuity than other wvisible fea-
tures. This 135 especially true in areas where
there is a great deal of information availablew—
In an urban center, particularly at night, net
only is there much to be concerned with ({e.g.,
vohicles and pedestrians, advertising, and
various signs and signals), but it would not De
gnusual for the most conspicuous features of the
prvironment to- be something like advertising
signs, which at best are irrelevant to the driv-
itng task.

fdaptation to Different bLevels of Illumina=
tign - The human eye 1s capable of responding to
fllumination through a range of ted to - eleven
log units. s noted earlier, only the cones
functicn at high levels of illumination. AsS
light levels decrease the cones become Tore sen-
sitive. hocording to Gretsher and Baker (Llé},
about four log units beleow the upper lewel of
wisual tolerance, at a level of illumination ap-
proximating  two femmr-mandeias on a sheet of
white paper, the reds tegin to function together
with the cones. Rods and cones CcoOniinue fo
function together as fllumination is decreased
abtout ancther 3.5 1log wunits. Finally, at a
lewel about that aof average earth viewed in a
full moon, the cones cease to function.

The process of dark adaptation takes time.
How much time depends on the level to which the
aye is originally adapted and the new level =to
which it must adapr. For example, if an in-
diwvidual walks from hright sunlight 2into a
photographic darkroom, @ half hour of more may
be required to reach maximum sensitivity. In
typical driving situations the changes are much
less drastic. Az a conseguence, adaptation
times are much shorter. Adaptation problems ace
sometimes experienced in driving from bright
sunlight inte a tunnel eor from @& hrightly
lighted commercial area Lintoc an adjacent un-—
lighted area. However, the most coomon stimulus
that can alter driver dark adaptation is the
headlights of oncoming cars. Froo the driver's
point of view it can be difficult to separate
the uppleasantness and _loss of wisihility as-
sociated with the glare experience Lrom its

after effects. Sometimes a driver can see so
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pueh berrer after the glaring wehicle has passed operate. A5 a result most pecple drive most of
rhat the lesser effect of adaptation change soes their nighttime miles on roads that are un-
gnnoticed. Ottander (15) measured the rsadapta- lighted, or lighted at levels rhat make the il-
ticn time after moderate levels of headlamp lumination provided by the wehicle's headlamps
glare and found it to be a maxioum of twe NEcessary.
seconds. This represents a normal axposure. This section of the report will deal wirh
pdaptation time would be increased by more motor vehicle headlamps. It will discuss the
severe conditions, e.g., higher levels of glare, different types of equipment in use teday,
longer exposura. general problems in design, the performance that
can be expected, and factors limiting perform-
ance,
YEHICLE LIGHTING SYSTEMS LIGHTING EQUIPHMENT - ¥irtually all wehicle
headlamps offer <twoe beams. The upper beam is
INTRODUCTION - Humans are not creatures of designed for use when there are no  other
the night by design, In order to be able to vehicles nearby ‘in the forward field. Its
function adequately at night illumination is re- design presents no serious problems. 0L much
guired. In the context of motor vehicle ooera- greater concarn 15 the lgw beam, which must

rion, this illuminaticn may be provided by fixed
lighting installations, by the vehicla's head-
lamps, ©f b a8 combination af the twe.

pProvide adegquate wisibility whilsa simultanecusly
protecting other drivers from excessive glara.
An inspection of Figure 2 will help in
There are street-lighting installations realizing how difficult this job is. The fiqure
that are of such high guality that they make is a view of a straight, flat road. The nimbers
headlamps unnecessary, except  possibly  as on the V axis show the distance, in feet, in
vehicle markers. These are the sxception, tront of the car. The dashed line in the upper
however.  Many installations are of  lesser left-hand gquadrant shows the trajectory of the
guality, characterized by lower levels of 11- eyes af an oncoming driver. ‘The numbers on that
lumination overall and considerable variation in line also represent distance, in feet, from the
pavament luminance from one ares tg ancther. car in the right lane.
Such systems can be deceptive, with the capacity The trick in low-beam design is to gex as
to hide significant problems in the dark areas. much illumination below the H-axis as possible
While there is no question that wide use of te help the driver see, while controlling il-
high-quality fised illuminaticn systems is lumination abowe the H-sxls to  reasonable
desirable, they are costly to install  ang lavels, Dbecause it cawvses glare for eother

i
T
i

v

s -|-25 | \"‘\

o° 8 & 4 2 v 2 & & |0

-
sld

.

Figure 2. A headlamp's wiew of a road.
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grivers. However, the angular sesparabtion De-
tween areas where illumination is helpful and
where it 15 harmful is wery small.. Furthermore,

£

roads tend not be be flat and straight like
one shown in Figure 2.
for the effects of

for problems such

the
Allowance must be made
road curvature, as well as

a5 wehicle leading, dand aim
variance. Finally, some illuminaticn omust be
projected above heorizontal, to aid in seeing
such things as signs.

RBecause of these and other considerations,
what has emerged as the low beam pattern is Lhe
result of much cCmpromisea. A great deal of
research {(e.g., 18} suggests that it is probably
close to oprimum, at least for present—day tech-
nology .

There
in use for
Lamps legal

ares two different low-beam patlacns

automobiles 1in the world today.
for use in the United States rely on
lens prisms and some filament shielding to con-
trol illumination. They produce a pattern  like
the example shown in Figure 3. The introduction
of haleogen sources, stylized headlamps, and
replaceahls hulb units in recent years has had

no significant effect on the beam pattern.

In lamos legal for use in much of Eurcpe,
and some orcher parts of the world, the primary
contre!l element is a small shield between the
low=-beam filament and the lower half eof the
reflector. This produces a beam patterh that
looks wery different from the US pattern. AL

example is sheown 1in Figurae 4.
lamps are characterized by uniform
below horizontal, a sharp hori
and generally lower levels
horizontal than US units
the beam patterns from the tWo systems lock very
differsnt, a great deal of cessarch has shoewn
that they perform about toe same (17).

Matoreycle headlamps are covered by regula-
ticns that are different than thosa for
sutomobiles and trucks. These regulations allow
a much broader range of beam patterns, including
the European systsm. As a result, motorcycle
headlamps are available in a variety of pat-
terns, sizes, watiages, and types of constric-
tion. 4{i8). The best of these units are about
equal to automotive headlamps, Therefore, since
most motorcycles have but one headlamp, they
produce at  best about half the illumination of
an automeobile. Howewver, since motorcycle Thead-
lamps are generally mounted higher than those on
gars, wisibalit distances provided the
operators of the two types of wehicle are rough-
l¥ egqual (L19).

FACTORS LIMITING LIGHTING SYSTEM
ANCE ~ The Intensity=Yisikbilicy Distance
Relationship - The illumination on an object
varies ainversely as the square of the distance
from the source of illumination, For example,
if an object has an illumination level X at dis-
tance ¥ from a light source, it will have an il-
luminaticn lewvel of 1/4 X at distance 2 Y.
Based on this relationship, doubling the output
of & headlamp, as recently became passible with
high beams when the maximim output increasSed
from 75,000 ed to 150,000 cd, should increase

Zurppean head-

illumination
zonkal cut off,
of illumination above
Cespite the fact that

PERFORM~
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wisibility distance by about 40%. Unfortunate-
i1y, this is not the casa. Figure 5, taken frcm
Roper and Howard {20] suggests that an ifncrease
of about 20% is all that can be expected.
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Figure 3. Isocandela diagram of U.5,
Units are candelas {ecd).

low beam.

Figure 4,
Units are candelas {cd).

isocandela diagram of E.C.E.

The reason that headlamp visibility dis-
tance does not increase as indicatsd by the dis-
tance squared law is partially due to factors

such a5 atmospheric attenuation. But the main
reason, as will be discussed later, 1s that con-
trast L5 far more important in determining
whother something will he wvisible than is over-
all level of illumination. Increasing
visihility distance 1s not a simple matter of
increasing lamp output, ewven if the problems

sueh an increase Would cause could be ignored.
Glare - Glare iz the result of brightness
within the wispal field that is sufficiently
greater than the luminance te which the eyes are
adapted to cause adverse effects on driver
vigibility and/or comfort. These effscts are

GLARE
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geng:ally referred to as disabiliey and discom-
fort glare fespectively, although scmetimes
1atter is called psychslogical glare. |
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BEAM CANCLEPOWER
(From: FRoper and Howard, 1938}
Figure 5. Wisibility distance as a function

of peam candlepowes and target reflectivity

{50). Candlepower values are X 1,000:)
[(Visibiliry distances are X 10 feer.)

The rterm “"disability glare’ should noet be
l—'._._-. a2
consteued to mean that the oDsSeIvVer 15 complete-

iy blinded by the exposure, although that
times happens. Rather, it
diminished wisual capability. Disabilirty glare
“arises from the fact that Light entering the eye
ie sgeatrered somewhat by the optic medla, so
that some of it ends up on other partiens of the
retina. This stray radiation reduces the con-
“rast of oojects imaged on the retina, and makes
ehem more difficult to detest {21}, The effect
becomaes more pronounced with age (22), compound-
ing the prohlems older drivers face.
Sudden exposure to very bright

sOme-

light can
cause obwious discomfort. Wny this happesns is
not clear, but work oy Fry and King (23) sug-
gests that it may be due to minute fluctuations

in pupil size. ODiscomfort glare may be no maora
than an anncyance, although there is the pos-
sibilicy of increased fatigue if the levels are
high encugh and persist long enough.

Since  discomfort is a subjective
phencmencn, there are difficulties in measuring
it and establishimg a reasonable uppber limit,
The most tensive and significant research an

the subject in the context of autcmotive
ing has ©Deen reported Oy Schmidt-Clausen and
Bindels {24). Some other work, conducted under
[ield copdictions (25), susgests that their
recommendations may be somewhat conservative.
it is an ares where more work is needed.

~Lamo Aim_i}To a wvery significant degres,
headlamppertormance depends on the units being
properly aimed. Work reported by Hull, et
al, (26) provides an indicaticn of how much dif-
ference relatively small aim clanges can make.
For example, if headlamps are misaimed yp by one
degree, as might happen if a heavy lead was
placed in the trunk of a wehicle,

light-

the

refers £g a

visibility

distance

difficult to control,

can increase by &0 to 75%. Unfor-—
tunately, glare for other drivers increases
greatly as well. Hisaim down by a degree poses
no glare problems, but can reduce wisibility
distance by 24 to 45%.

Maintaining proper aim is difficult, for
two reasons. First, as noted earlier, the an-
gular separation betwesn areas of the forward
field where illumination is desirable and harm-
ful is small. As a result small amounts of
misaim can be very significant. Second, there
are many sources of aim errer, Some of which are

Misaim can arise from the lamp
{e.g., improper filament positioni, by the lamp f
being incorrectly orctented in its mounting, and |
from the vehicle., Limited research alsa sug-|
gests fthat obtaining accurate aim through serv—|
icre outlets ts5 a chancy business (27). Poor |
service can itself be a source of aim variance.

A recent survey on the condition of vehicle
lighting equipment (28) found that headlamps
were commonly aimed outside limits suggested by
the SAE {(plus or minus 4 inches at 25 feet). On
cars four or more years old, only 25 to 30% of
vehicles had both low-bsam units aimed within
SAE limits. Hearly 60% of vehicles less than
cne year old had both low-beam units within
¢cpecifications.

Recognizing that aim 1s a major limitaticn
to the sffectiveness of headlamps, considerable
tnocught has gone inte means for improving it
(28], However, no radical changes are lixely,
and aim will likel: 1 as & significant
robiem in headlighting for the forase e rfu-

itself

SAE

Effects of Dirt - Headlampes can become Very
dirty, particularly in wet weather. Dirt on the
headlamps causes light to be absorbed and scat-
rered, reducing useful illumination and often-
rimes 1lngceasing glare to  oncomin drivers.
Figure &, fram Rumar (30) shows the results of
measurements made on samples of wehicles under
various driving conditions. Under wet and
slushy conditions most cars had useful i1llumina-
tion reduced by more than half.
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Figurs &, Proportion of cars at gas statioms

having various degrees of light reductien in the
central part of the high beam caused by dirt
under three road conditions.




. In, an effort to reduce the dertrimental ef-
fects of dirt on headlamps, eleaning systems
have been developed. The most comman are- Wwiper-—
washer systems like those ysed on windshields,
High-pressure spray devices have also baan
developed. Such systems are compan in scme
parts of the world, but have not yet come into
use in this country.

WISIBILITY AT NIGHT WHEN DRIVING

INTRODUCTION - A pedestrian wearing dark
clothing walks along the right edge of an  un-
lighted road, with his back to traffic. A car,
using low-beam headlamps, and travelling abeout
35 mph, strikes the pedestrian, inflicting
sericus injuries, At trial the driver of the
car clalms that he saw the pedestrian just
befere impact and did not have encugh time rto
step or swerve out of the way., However, the
plainciff produces an expert who, guoting from a
manual for drivers, says that wisibility dis-
tance Wwith low beams L5 350 fest. On that basis
the driver should have had plency of time to
detect tha pedestrian and avoid the Lmpact. Who
is the jury to believe, the driver, who has an
obwvicus Teassn for wanting the wisibilicy dis-
tance to be as short as possible, or the
(presumably wunbiased) expert? This sectlan is
intended to provide an answar to this guestion,
togelher with the reasans for it,

THE IMPORTANCE aF CONTRAST - Contrast
ceferS TG charactleristics CRAT cause something
to appear different or separate from something
elee. The eye responds Lo contrast. Under
daylight lewels of illumination there are a
variety of forms of contrast available (e.q
color, texture, hrightnessy. In additien,; the
visual system is aperating at the highest leval

Table 2

Reflectivicy Levels

L i 5 4 [ —
I,’u'h.;ﬁ-—r_’_"d ol e f_’_’,'”

of sensitivity and has the greatest capabilicy
of distinguishing differances. Howewver,  under
night driving concirions brightness contrast | is
qenerally the only foarm of contrast nf any._ _eon=
sequence,  and the visual system has a reduced
capan#1+ty for distinguishing differences.

This, in ocder to be seen at ni ght, objects must
ba sufficiently brightar or darker than their
backgrounds. Sometimes objects can be seen at
great distances silhovetted against a bright
background (e.g., the headlights of an oncoming

car, a road surface illuminated by streetlights,

the lights of a shepping center). More typieal-
ly the object must be illuminated by the head-
lights of the appreoaching ear until it is enocugh
brighter than the background to be seen.

Assuming the tarfget object is seen against
scmething other than the sky, the job of the
headlamps in providing the necessary brightness
ceptrast 1s complicated by the fact that they
illgminate both the target and its background.
Table 2 (from Bhise et al. [L6]) shows the
reflectivity levels associated with common high-
way backgrounds. Clearly, someone wearing dark
clocthing may be seen sgainst a background having
similar retflective characteristics and unders
conditions where contrast would increase very
slowly as the car approached.

VISIBILITY' DISTANCE - To return to the
hvpethetical mishap described at the start of
this section, at what distance should a
reasonanly alert and prudent driver have Deen
able to detect the padestrian? To provide an
answer, we will rely on data develocped in a
field test of different headlighting systems
(250,

In the study in guestion subjects drove or
rode im a gar that was operated on a private
read, There were four possible targets, Three

of Common Objects

Target Reflectance
Pine Traes WB2=.08
Grass J08-.18 Leng, dormant, pale green
Grass «10=-.18 Lush green, closely mowed
Forest L02=-.26 HMixed green
DiTe « 23=.43 Packed, wellowish
Asghalt «06=,13 Ofly with dust £ilm
Concrate 25=_37 White aged
Pedestrians +055  Hedilan of 54 winter cecats
fedestrians .03  5th percentile winter cocats

{From: Bhise er al., 1977)



of these were clad in blue denim, were of about
equal width, and differed in height. One was an
experimental assistant (pedestrian)., The aother
two were, respectively, 2.5 feet (75mm) and &
inches (15mm) high. The fourth target was ‘ths
pedestrian, wearing a white vest. One or more
of these targets could appear on each run though
the course, at any point in the course, and eon
either the right eor left of the tast vehicls.
The subjects had to detect the targert, idantify
it by size, and press an appropriate button on a

box  tn their lap. The distance from the target
at which they pressed the corresct button was
recorded.

Figure 7 giwves the results of this study

for the pedestrian targer,
meters to the right of the wvehicle, ysing US low
beams, and with no glare. It is based on about
60 trials from 23 young subjects. Under these
conditions, the 5th and %5th percentile response

standing one to two

distances were about 50 and 250 feet (15 and
J6m}, respectively. {This means that on 5% of
the trials the subjects responded at 50 feet or

less, and on 95% of the trials they responded at
250 feet or less,) If the same target was lo-
cated to the left of the tes:t wehiele, the S5th
to 95th percentile range Was from about 25 ta
125 feet (8 to 38m). The 5th to 95th percentile
response distances to the pedestrian Wwearing the
white vest were about 150 to 450 feet (45 to
1¥Tm) on the right side and about 100 to 350
faet o The older

{30 to 107m) on the left side.
29 : |
S8

|
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FEMCEHTILE WALLMES

(From: Olson and Sivak, 1983}

Figure 7. Normal probability plot of response
distances measured to a dark-clad pedestrian
standing on the right edge of the road using
standard, low-beam headlamps. No glare, young
subjects.
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subjects did less well, their response distances

averaging acoulb Euii§?_ihusé_1recnrﬂed for  the
Younger subjects.

Ta illustrate what these data mean in prac-
tical terms, estimates were made of the percent
of trials in which the subjects would not have
been able 1o stop short of the pedestrian from
speeds of 35, 55, and 70 mph (56, 88 and 113 km/
h}. The original data were taken at 25 mph (40
km/h) . It was assumed that the subject hit the
brake, instead of pressing a button, and brought
the car to a stop at a deceleration of 0.75 g.
It was further assumed that the brake applica-
tion was made at the same distance from the tag-
gat as the button press regardless of speed.

Under thesa assumptions, with the
pedestrian on the right, the percent of trials
in which voung subjec:s would not have been abkle
to stop short of the pedestrian were 25 follows:

35 mph (56 km/h) 1

55 mph (88 km/h) 45

70 mph (113 sm/h) LE]
Because most of the energy from a low heam is
directed o the right side of the road,
positioning the pedestrian on the left made the

resylts somewhat worse:

35 mph (56 km/h) 22
35 mph (88 km/h) 95
70 mph (113 km/h) =33

A% already noted, the clder subjects did
not do as well. There were fower of them in the
study, 5o the following analyses are based on
averages @across several lighting systems that
were tested. GSinge some of these systems were
more powerful than the US low heame, the results

may ba Somewhnat consarvative. The first
analysis is for the pedestrian on the right:

35 mph (56 km/h) 22

55 mph (88 km/h) 83

T0 mph (113 km/h) S8
And, with the pedestrian on the left:

35 oph (56 km/h) 45

55 mph (88 km/h) o4

10 mph (113 km/h) o8

An analysis was alsc made of the condition

in which the pedestrian was wearing the white
VESL. For the vyoung subjects, Wwith the
pedestrian en the right, the results were axy
follows:

35 mph (56 km/h) <1
55 mph (BE km/h) 3

70 mph (113 km/h} 24
With the pedestrian on the left:
35 mph (36 km/h) <l

55 mph (88 km/h) ]
70 mph (113 km/h) 48
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The apalyses just presented suggsst
when confronted with a low=contrast oblect,
as a pedestrian wearing dark clothing, low-beam
headlamps may not provide adejuate detection-
identificarion distance at speeds in excess ¢f
about 35 mph, If tha pedestrian iz approaching
from the left side of the vehicle, or if the
griver ts elderly, the situation can be ap-
preciably wocse. However, pedestrians who must
wentures ferth at night can make theamselves much
more likely to be seen by wearing light-colored
garments.

While these data 4ipdicace & potentially
Serigus problem in night wigibkility while
oparating a motor vehicle at medium and highet
speeds; it should be rscalled that they are
based on a structured test in which the subjects
were alert, free from drugs and alcehel,
of the purpase of the test and the nature of the
targets, and had ne concerns wWith other ¥raffia.
Because of *ﬁg}e conditions, tha FESponse dis-
rances described ea.11Er__EFE‘"EfEEEET?_queate:
Teasonably be expected in the real

that
such

An interesting study ceported by Roper nd
Howard (20} provides come indication of the dif-
ference in wisibility distance between stLuc-
tured studies and the real world. The subJects
in Roper and Howard's study wers Laken out o
conduct "subjective evaluations of headlamps.”
After a time they were told tha test Was com—
plere and they should drive back to the starting
point. Without the Rnowledge of the subpject, a
dark-clad mannequin had been ser um in the
return lane. Measures were mads of the distancs
from the manneguin at which he supject EElEﬂSEd

With this "surpriss” phase
completed, the subjects were Oriefed on the Crue
purpase of the study and then ashked to back up

and approach the target again, releasing the ac-

celerator as scon as they could see  it, Under
Ll -1 "l ———

the second, alerred,” condition response dis-
rances averaged tui:e thmse mbtalﬂed in. the
surpcise trial. _Zgae iy by JEb . S
Boper and HoWara s results may sesm ex-
treme. However, they apoear reaasonable when
some of the differences between the surprise and

alerted conditions are considered:
the alerted condition
trarget would appear and could
fixare rthat spot foveally. It ig likely that
detection in the surprise condition was ac-
complished periphecally.

1:; in
knew where the

the subjects

ro Ry

2. ¥Knowing the nature
it possible to "detect” Lt
that may not be adeguate in
special knowledge.

of the target makes
using subtle CUues
the absence of such

3. With full knowledge of the nature of
the test, the subjects’ sewpectancies are much
different than they would be in normal driving.
Under test conditions they typically focus their
attentioh on the target detecticn task and are
less likely to be distracted Iy other things
that might be going on.

TEsT

bod Dy Tiornd yo, ot

aware

In accident reconstruction, an investigator
is somerimes interssted in estimating the dis-
tanes at which a driwver should have been able to
detect the target of interest. Such tests are
often set up much like the alerted portion of
the Roper and Howard study. It is peossible to
obrain useful 4information by such an exercise.
However; for the reasons given above, it is  aes-
sential thar the investigator understand that
the likelibood of something bBeing detected at
all, as well as the distance at which it chould
have been defected, will probably be substan-
tially overestimated.

Ta return to the guestion posed to the jury
by tha hypothetical case describsd at the start
of this section, the data presented here suggest
that rthe version told by the defendant driver is
more believable than that told by the “expert.”
The fact is that individuals wha walk in traffic
at night, relving on the drivers of oncoming
cars to see them, are placing themselves in
grave danger. Unfortunately, this situation is
unlikely to be resolved by improvements in
wvehicle lighting anytime in the near future.
Berause of this, it is tmportant that efforts e
made to: (1) improve the understanding of road-
way Users cCconcecning limitarions Lo nighttime
visibility, and {32} Llncrease the contrast
characteristies of objects in the road, par-
ticulariy people, by encouraging the wearing of
light-calored gacments at night and by wider use
af rotroreflective materials.

NIGHTTIME DRIVING HABITS - Having discussed
some length the wisibility problems as-—
sociated with night driwving, 1t is reasonable to
point out that people do not drive much slower
at night, and ask why.

There is evidence that pecple oversstimate
the vicibkility provided by wehicle lighting sys-

at

tems. For axample, Allen et al. (31) had sub-
jects stand along the side of a road and es-
timste the distance at which an appreaching
~driver could ses them. At the same time the
driver indicated the distance at which he/she
could see esach pedestrian. on awverage, the
pedestrians' estimates were about twice the dis-
tance at which they actually could be seen.
This work was extended and confirmed by Shinar
{32}, There are no comparable dats for drivers,

but the behavior of many of tham while operating
a wehicle at night suggests that they think they
ran see a good deal better than they really can.
If this is true, we have an unfartunate coembina-
tion of errors, with both drivers and
pedestrians thinking wvisibility ts bettfer than
L iss

Leibowitz et al. {33} hawve advancad =&
theory that may account for the fact that peoplas
often drive well in excess of speeds that would
allow them to stop if confronted with an  unex-
pected, low-contrast object. The theory assumes
two independent modes of processing visual in-
formation., One of these is called the T"fecal”
mode. It is concecned with ebject discrimina-
tion and identification. Focal functions are
optimal in the foveal area, and are afftected by
level of illuminaticon and refractive error, The

r



S Trlh

ather mode is called "ambient.” It is concerned
with spatiml orientation. Spatial orientation
can be accomplished in the foveal area, but, un-
tike the focal functions, it is adequate in the
peripheral areas as well. In addition, amblient
functicns are much less sensitive to illumina-
tion levels and refractive error than focal
functions. Under night driving conditiens there
is & selective degradation of thess twe modes,
with Ffocal wision being much more affected.
This means that we suffer relatively little loss
of ambient wision, which is useful for malntain-
ing lateral position on the road, The fact that
foral vision is greatly rTedoced Lg less ap-
preciated because the demands on it afe lnter-
mittent. Thus, since the driver can carry out
the routine control function about as well at
night 2& during the day, overconfidence ¢oncern-
ing the whole driving task may be generated.

FACTORS THAT DEGRADE VISUARL PERFORMANCE

INTRODUCTION — The information on driwver
wisibility offersd in the preceding section 1s
based on tests run under ideal circumstances.
Conditions in the real wWorld are not always
ideal, In fact, there are a4 great number of
conditions that Can affect a driver's
wisibility. Some of these have already been
mentioned, i.e,, glare, aim and dircy lamps. 1In
this section a number of other conditicns will
be disecussed. These fall under thres geneczal
headings, bBassd on whecher they arise from the
environment,; the wehicle, or the driver.

PROBLEMS ARTSING FROM THE ENVIRONMENT - In
general, Tenvironmental" problems refer to any-
thing in the atmosphere that interferes with wi-
sion. Most often these would be in the forom of
precipitatien or fog. However, they also in-
clude conditions such as smoke, haze and dust.
at [ night all of these conditieons have in comman
the characteristic that chey absorb and scatter
light t& some degree. This absorption and scatc-

fr{T”tﬂ'11g has twe effects. First, less light from

= the vahicle's headlamps reaches a target abiect,

and lesé of the light reflected by the object is

returned to the drivec's eves. Second, some of

the scattered {llumination 1is Treflected back

L Anto the driver's eyes, causing the atmosphere
FREfZI Lo appealr 1o light up.

This reduces the targect

ohijecr's contrast, making it more difficult
—_——

detect.

"Wet" conditions

ko

such as rain, and some-
times snow and f{og, create other problems as
well, The mDost immediately noticeable is the
fact that the windshield becomes wet, and Te-
guires wiping in order to maintain reasonable
wigibhility. Ewven under the best of conditions
visibility is reduced when the windshield is
wet. If the wipers are worn, if the windshield
is badly pitted or scratched, Iif the car is
moving at high speed, or if the rainfall is very
heavy wisibility may be reduced a great deal
(34, 35, 36, 37).
A film of water on the rpad can greatly in-
rease the driver's problems in determining his/
her lateral position as well as where the road

107

is going, There afe two problems.
road surface, being rough,

reflector. 1t reflects some of
from the wenicle's headlamps back into the eyes
of the driver, causing the pavement to appear
celatively bBright. The first problem &5 that
water fills in the small woids in the pavement
surface, and creates a smeooth £ilm that acts as
a mirror. As a result headlamp- illvmination is
reflecred forwacd,

Hormally the
acts as a diffuse
the itlluminatian

cavsing the road to appear

very dark and incceasins .mlare C_oncoming

mororists, Under such conditions delineation
Becomes very important.

#11 of which Erings us. to the second

problam.  Many forms of delineation also  suffer

whon wet. The most common form of delineation,
painted lane lines, are reflectorized by Sprin-
¥ling them with glass beads before the paint
dries. Water forms a film oaver <these beads,
changing thelr refractive index so they no
longer function as retroreflectors. ks a
result, painted lane lines sesm to disappear
when the pavement is wet.

However, not everything is lost
pavement L&  wat. The headlamp illumination
reflected off wet pavements can Significantly
increase the brightness of objects such as signs
in the forward £ield, compensating to some
degree for the loss in wisibility due to ather
causes (38},

The effect of water on pavement wisibility
has been a2 matter of concern for some rime.
Paised pavement markers have been the best solu-

when the

“south and £

tion 5@..=3*L_“§Wq are used extensively in Lhe
far west. Haheyer, they prﬂsent dk- il
ficulties in snow-belt states because plows tend

T6_ destroy_ tnem. A great deal of research has

neen carried outr {(e.g., 39) to find a -satisfaec-

tery and economical solution to this problem.

Work 1s still ceontinuing.

PROBLTMS ARISING FROM THE
the most critical ceomponents in the vehicle from
a standpoint of driver wisibility is the
windshield. H#indshields oust meet a number of
criteria, some of which are specilalized (e.g
precection in ecrash situaticons). But, 'what a
windshield does most is allow the driver to view
the rocad. Hence, good cotizal guality 1s wery
important.

Unfartunately, windshields 1lead a
life. Subject to centinuous hombardment by
borne particles, occasional efcounters
larger ohjects, abrasive action from the
and careless effocts at cleaning,
that build wvp on beth sides of the glass, many
windshields have optical characteristics that
significantly degrade driver vision, particular-
ly at night. Contaminants, surface pitting and
scratches scatter light passing through the
glass, reducing visiblility in general and in-
creasing the effects of glare, Rompe and Engel
{40) showed that the probability of detecting
targets of wvarying contrast decreased from 91%
with a ¢lear windshield to 73% with a windshield
having a haze level of 4.9%. Performance was

greatly degraded when glare scurces wers intro-
duced,

VEHICLE = Une of

hard
air=
wWith
Wipers
plus films



Heat+absorping (tinted) windshields. have
neen an object of some controversy for 2 number
of vears. The purpose of the tinting 1is to
reduce the sun lcad on the vehicle's ccocupants
and interior, thus improving comfort on  hot
days. Wnile it does this e=ffectively, the tint-
ing slso reduces wvisible light transmitted
though the glass. Because of this, som= DPersons
{e.g., 41) have arcued that tinting the entlire
windshield is a pad idea, due to loss of
wisibility at night.

The loss in trafsmitted 1light due Lo
windshield tinting is  significant. A clear
windshield, installed at an angle of 60 degrees
from vertical, will transmit about B0% of light
passing through parallel to the ground. A
tinted windshield will transmit about 68% under
identical conditions. This translates to an ef-
fecrive loss of illumination on objects in  the
forward figld, and a conseguent loss in
visibilify. Given the already inadequate
wigibiliry provided drivers, as discussed in
Section 4, further reductions may seem difficult
to. justify

The argumant concerning heat-absorbing
windshields comes down to balancing advantages
and disadwantages. There have Deen a number of
studips af wvigibility distance at night compar-

tng eclear and tinted glass (42, 43, 443,
Generally, these have shown losses in wisibilicy
disrarice associated with tinted glass cangang up
to about 6%, depending on the targetrt and test
conditions. Whether this. lass in wisibility
under night driving conditions is worth the gain
in comfort under warm, sunlit econditions is
somerhing that will apparantly continue fto be
debated.

PROBLEMS ARISING FEOM THE OPERATOR -
Proplems with the operator that may affect
vigibility can be temporary of permanent. Tem=
porary problams include farigue, psychological
states such as stress that may reduce attenticn
to the driving task, and the effects of drugs
and alcghol.  Alechol has besh shown to be a
contributing factor in about half of T fatal and
serious-injury accidents. Othar Lemporary
degraded states ace probably alse wery sig-
nificant, However, this section will deal with
certain problems that are pefmpanent in  nature.
The reason ‘is that many of the GLemporary
degraded states have received much . attention in
recent years. The areas that will be discussed
here are also important, but have received far
less attenticn.

Aging - One of the mwost easily observed ef-
of aging on vision comes -about when one
longer read comfortably and reading glas-
ses or bifocals must be used. This condition is
due to the increasing inflexibility of the lens,
and is called presbyopia. Although it may make
it more difficult to read information presented
on the dash panel, presbyopla is not typically a
prablem in mator wvehicle operatien,

fects
can mno

However, other effects of aging on wision
may be a significant problem. For example,
visual acuity, since it involwves the aopility to

resalve fine detail, affects the ability to read

0B

signs aleng the read,
which warious

as well as the ease with
conditions can be detected and
identified. Studles have shown a relationship
bertwean acuity and age. On  averags, acuity
oeaks at about age 15, and declines steadily
thoreafter, reaching about cne=-third peak wvalue

at age 80 (45). et L
The most critical condition is at night.
in genecal, _acuity and other visual functions

decline as the lewvel af illuminatien decreases.
However, the effects are more marked in the
alderly. It is not completely clear why these
lpsses in wisual capahility come about. It has
heen known for some time that the minimum lewvel

of illumination to which the eye can adapt, as
well as the time to adapt fLrom one level to
another, Lnereases with age (46). Three pos-
gimilities (22) are: (1) a reduction in _ the

oxygen supply to the retina; (2) a reduction of
the maximum opening of the iris; and (3] yellow-

:gg_of the lens.. All of thess factors may play

a part. MWhatever the reason, as illusirated by
the safe stopping calculations presented in the
preceding section, clder pecsons tend to do less
well than younge: persons on visual tasks at low

levals of illuminatioen. Indeed, even when
matched in daytime acuity, Siwak et al. (47)
found that older subjects were able to read

highway signs at only about two-thirds the
tance of the voung subjects at night.

The disakling =affects of. glare are also
more pronounced in older pnrsons-h_Wor only are
older subjects mare affected by glare, 1t takes
them longer to recover when the glare source L5
remaved. Figure 8 (4B) shows the results of
measures made on thrashold detection of a disc
target starting when & glare scurce is extin-
gquished. The older subjects wers much more af-
facted by the glare when it was on, and it ook
them about 50% lonager te adapt to  the ambient
lavel, ¥ote too that the target disc had to be
abaut tWize as bright to be visible to the older
subiects at the ambient lewvel,

Hight Myopia - Myoplia 15 commoanly referred
te as near-sightedness. results when the
lans=tg-retina distance in the eye L5 too great.
With this condition close objects can be brought
into sharp focus on the retina, while meore dis-
tant objeczts are brought into focus in Eront of
the cetina, resulting in a blurfed image,

In total darkness the eye accommodates
an inctermediate state {dark focus] that waries
from person to person. OwWens and Leibowitz {(49)
have shown that the eye tends to accommodate to
distances between infinity and that represented
by dark focus as itllumination levels are
reduced., The result is "night myvepia.” Because
most events of conseduence to a vehicle operator
occur, at_visual infinity {ile., beyond about 20
feet), n
mediate distance will see them lgEE_HEL

TRvailable data indicate that a great number
cf people may have night myopla tTo some degree.
However, there are large individual differences.
In extreme cases, individuals may have 3 focus

dis=-

ta

an eye that is accommodated to an 1ﬁter—'

f‘tr:"ur
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point only a few feet in front of them, with oh-
jects in the far field sericusly blurred. For-
tunately, mast people are much less affectad.

An cbvious spluticn to the problem of night
myopia 1is te measure individual accommodative
changes and prescribe corrective lenses te be
worn while driving at night for the more serious
Cases. There are two problems in doing this.
Pirst, a person may have ssrious night myopia
and not be aware of the fact. Thus, affected
individuals are not likely to seek assistance
voluntarily. Second, it is difficult to carcy
out  conventional refractive measures ar  low
levels of illumination, and night myopia cannot
be predicred from measures taken at high lewvels
of illumination. 5o, even if an individual felt
the need, an Ophthalmelogist or Optometrist
could not conduct the necessary tests and write
@ prescription. The development of a laser op-—
tometer (50) has made such measures practical,
There may be merit in screening for night
myopia, with corrective lenses required for
night driving where appropriate, just as we re-
quire corrective lenses for daytime operation.

Expeciancy - A safely agency unce offered g
neWw slogan that was given wide publicity. on

billboards and in other media they touted the
theme "good drivers expect the unexpected.”
It's a catchy phrase, and the idea prabably

sounds reasonable te many people. Certainly, no
ong will argue the point that drivers should be

alert and attentive to +the driwving task.
However, taking the slogan in a literal sense,
the wvariety of things that could happen is so

vast that it igs unreascnable to expect drivers
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to be prepared for all of them all of the time.
In fact, the soundest approach to safe traffic
management 1S to minimize the unexpected. One
ef the major efforts of traffic engineering in
the last several decades has been in just this
directicon. Through opublications such as the
Hanual af Uniform Traffic Control Devices
(MUTCD), and concepts such as Positive Route
Guidance (1), considerable progress has been
made in producing a nationwide traffic control
system that provides necessary informaticn in a
timely manner and minimizes nasty sucprises.
Based on their driving experiencsa, people
develop expectations about matters such as traf-

fic control devices, roadway design, and driver
behavicr., This ig true both night and day,
however it becomes more important at night be-
catse 50 wmuch of the information available

during the day is lost when it beccmes dark.

Two general types of expectations have been
identified, a priori and ad hoc (51). A priori
expectancies come from general experience. Ex-
amples are the assumotion that freeway exits
wLll be on the right, that curves can hba takean
at the speed limit or will be otherwise posted,
and that no-passing zones will be marked with a
501id yellow line and signs. A priori expectan—
cles are the basis for assumptions about traffic
cperations that people bring with them whenever
they take to the road. Ad hoc expectaticns are
based on very recent experience. For examsle, a
driver encountering a road with numerous sharp
curves that require a speed reduction will adapt
his/her expectations to that situation.

"



The impoOrtant points Co be made

hhere ars
that all' driwvers have expectaticns, that these
expeciations sre based on exposure to  {general-

ivy) sgund traffic engineering gractice, and that
conforming to driver expectations facilitates
traffic flow and minimizes accideants. Wihan
these expectations must be wiolated (construc-
tion work that ceguires lane closures and lefc-
hand exits from freeways are good axamples )
great care must be taken ta alert appreaching
drivers. to the condition in time so that they
can make the necessary adjustments. What traf-
fic acgencies, police and accident inwvestigators
should not do is adopt an attitude axeusing  the
existence of conditions that wiclate driver ex-
pectations, as reflected in  statements that
statt out "If only he/she would have been paying
atitenticn.

Judgmants Closing
exit from a freeway, a truck driver slows and
locks behind him. It's twa AM and there is no
craffic in sight. The driver decides to stop
and back up the guarter mile to the exit rather
than go several miles out of his way by proceed-
ing to the next exit and turning arcound. Stay-
ing in the right-hand lane, he backs up for ten
seconds of $3, then sees a egar approaching
the distanca. The driver stops and
the car to pass. Hs does not activate
gency flashers. The car continues to

&
oL

Speed - Missing his

in
walts for
the amer-
aporaach

in the right lane, and swerves left too late,
striking the left-rear zorner of the truck. Ar
trial the defendant produces an Texpert” who

claims that there was no execuse for the driver
of the approaching wvehicle not seeing the truck,

because it was Well and properly lighted, The
expert 15 periectly correct in maintaining that
the driwver should have seen the cruck. He iz

#rong in inferring that nothing more than derec-
tion was reguired,

Successful driving reguires freguent inter-
actiion with other vehicles., It seems clear that
wehlcle operatars have to e able to judge spesd
and spacing relaticnships to a reasonable degree
in order for the system to function adeguately.
However;, research indicatas that there are two
issues involwved. Drivers are reasognably ac-
curate in decermining whether the spacing be-
tween their own and a lead car 1s opening or
closing {52}, but appear to be poor in estimat-
ing the rate of change (533). Due to the reduced
number of cues available, this sitvation is
probably worse at night.

In a -situatian
what these data suggest

such as that described,
is that an owvertaking
driver eould discern from a considerable dis-
tance that he/she was closing on  Lhe TTuck
ahead, but could not determine that there was a
large speed discrepancy until mueh closer. Here
expectancy may cébe into play. Since statiocnary
vehicles are extremely rare events in freeway
traffic lanes, the agpreaching draiver 15 likely
to initially assume that the truck is moving,
and the speed discrepancy is relatively small.
By the time the gap has cleosed to the point
Wwhere the speed discrepancy is cbvious, it may
be too late to avoid a collision.
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Bacause of this limitation in human
perception, the causative facrter
like the one described at the start
tion is often failure to identify
state existing between the vehicles, not failure
to detect the lead wvehigle. For this reason it
is tmportant that wehicles that are stopped or
moving much sleower than other traffic be dis-
tinctively marked. Emergency flashecs are ef-
fective for this purpose because flashing lights
have great attention-getting power, and the sys-
tem has come Lo be identified with stopped or
slow-moving vehicles.

visual
in accidents
of this sac-
the dynamic

CONCLUSIORS

This
in driver
ditions.

a SUmMmArY.

First, the wisuzl system is
a way that allows information to
very Wwide fiald forward of the obsecver.
However, the structure of the system is such
that only the small portion of the field that
talls cn the fovea of the eye can he obsscved
with maximum clacity. Because most of the

paper has been concerned With problems
wisual perception under nighttime con-
Three general points will be noted as

constructed in
enter from 3

visual field is peripheral, most unexpected ob-

jects or conditions must be detected while in
the periphnery. Since information 1is processed
gerially {i.e., ene ltem at a time), and the in-
formation being procassed Aar a given time is
probably located on the fowea, the peripheral
information not only oust be more conspicucus
than if it were seen foveally, but it must com=
pete with other information for the driver's at-
tention. If cthese considerations are ignorced,
reconstructions of a situation that are used o
estimate “wigibilicy distance” or some  such
parameter can yvield very misleading results.
Second, especially on low beam, wvehicle
lighting systems do not provide enough illumina-
tion o ensure that low-contrast ahjects will be
detected in time at anything other than very low
speeds, It 15 target contrast, not amount of
illimination, that has the major effect on tarc-
wisibility, Pedestrians can greatly in-
creasa the probability of their being seen by

drivers by wearing light colored clothing at
night, or, hettar yer, rerroreflective
materials. Due to limitations on beam design,
the wisibility distance provided by automotive
Yighting svstems will probaply not improve sig-
nificantly in the foreseeable Suture.

Third, there are a number of variables that
can affsct driver wisibility under nighttime
Operating condiltlons. These may arise from  che
environment, the wehicle ¢or the driver. The ac-
cident investigator must be aware of the effects
of wariahkles such as these and, when relevant,
include them in his/her ewvaluation, to the ex-
tent that they can be assessed.
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