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INTRODUCTJON AND SUMMARY 

IN EVERYMAN'S CONCEPTION of safe and comfortable night driving, 
the headlamps of his vehicle illuminate the roadway far ahead,  and the 
headlamps of other vehicles never decrease his vision by glaring into his 
eyes, either through the windshield or from the rearview mirrors. 

Every experienced driver knows how far  present night-driving con- 
ditions depart  from that ideal, but h e  probably knows less about how pre- 
sent headlamp systems might be improved. 

In 1971 the University of Michigan Highway Safety Research Institute 
began exploring that question in a program of research sponsored by the 
Motor Vehicle Manufacturers Association and directed by Rudolf G .  Mor- 
timer, Head of the Human Factors Group at the Institute, The research 
consisted of several interrelated studies. The first one explored the 
problem of misaimed headlamps-how many vehicles in use have mis- 
aimed headlamps, how much they a re  misaimed, and the reasons for the 
misaiming. A second study investigated the potential advantages of a 
three-beam system as an  alternative to the present high-low, two-beam 
system. In field tests, driver-subjects used a three-beam system; then the 
researchers developed and evaluated 13 different controlldisplay designs 
for a three-beam headlamp system. 

At this point, estimates of how costly it would be  to conduct comprehen- 
sive field experiments with a wide variety of headlamp systems led HSRI 
researchers to conclude that it would be economical to develop a 
computer-simulation program for evaluating the performance of 
headlamp systems. The accuracy of such simulations would depend upon 
how closely the critical parameters of headlamp beams and night vision 
could be represented in the computer programs. It was by no means cer- 
tain that such factors as the interaction of illumination and glare effects, or 
the rate at which the human eye recovers from glare effects, could be  ac- 
curately modeled mathematically, but the researchers set about building 
equations to represent all of the factors involved. 

When all of the sub-elements of the simulation model were  developed 
and integrated in computer programs, the simulation model could produce 
results; i t  could plot visibility distances for a driver facing oncoming 
headlamps, provided i t  was supplied mathematical values for all of the 
parameters involved. But then the accuracy of those simulations had to be 
assessed: the inputs and outputs of the model had  to be compared with the 
inputs and results of field experiments involving real vehicles, drivers, 
beams, roadways, and targets. This process of validating the simulation 
model posed a problem, because most prior field experiments had 
di f fered in their methodologies, and f e w  had produced the kinds of quan- 
titative data needed for validation of the computer model, Therefore, in 
the next study, HSRI researchers designed a standardized methodology 
and conducted field experiments to obtain the necessary data.  



In subsequent work, the mathematical values established in the field ex- 
periments were  used to refine and validate the simulation model.  The 
simulation programs were  improved enough so that they could produce 
results very close to those obtained in the field experiments.  The com- 
puter simulation technique was  then ready to be  used as  a research instru- 
ment.  I t  was employed to compare the performances of the standard U.S. 
Ion1 beam,  the standard European low beam,  and the experimental  mid 
beam when those beams were  aimed correctly, misaimed u p  l o ,  and mis- 
aimed down l o .  The computer simulation not only plotted the visibility 
distances of targets for the various opposed beams but printed out the 
glare values for the beams at various separation distances between the 
vehicles. 

After assessing the results of the computer simulations and the previous 
studies, the researchers concluded that unless current  problems of beam 
misaim can be  solved, new beams with higher intensities or different il- 
lumination patterns will not produce significantly safer  or more  comfor- 
table nighttime driving conditions. 



THE PROBLEM OF 
HEADLAMPS 

IN EXPLORING THE QUESTION of misaimed h e a d l a m p s ,  HSRI 
researchers found that the problem is old, widespread,  and more complex 
than i t  first might appear.  Headlamps a re  considered correctly aimed, ac- 
cording to SAE Standard J599, when the high-intensity zones of the beams 
fall within four inches of a horizontal-vertical mark on a wall or screen 25 
feet directly in front of the vehicle. In current practice, most manufac- 
turers and maintenance shops use a mechanical aiming device that at- 
taches to the lamps. This eliminates the need  for 25 feet of open space,  and 
also eliminates problems of aligning the long axis of the vehicle with the 
marked wall. 

Factory Aiming 

To assess the accuracy of factory aiming practices, the researchers 
checked the headlamp aim of 153 new cars at eight dealerships in Ann Ar- 
bor and Plymouth, Michigan, before the cars were  prepared fo r  delivery. 
They found that significant numbers of headlamps on those cars were  mis- 
aimed. The percentages of cars with at least one misaimed headlamp,  by 

A mechanical  aiming device a t tached to a headlamp.  



dealership,  \yere 14 per  cent ,  50 per cent ,  25 per  cent, 5 pe r  cent ,  65 pe r  
cent, 14 per  cent ,  40 per cent ,  and 30 per  cent, Overall ,  43 of the 153 
vehicles (28 per cent)  had  at least one lamp a imed outside the SAE 
tolerance. 

Service Trade Aiming 

To es tabl ish  h o w  wel l  m a i n t e n a n c e  shops  aim h e a d l a m p s ,  the  
researchers tested all Ann Arbor a rea  dealerships,  private garages, and  
service stations that claimed to be  ab le  to aim headlamps.  Thirty-two 
shops  w e r e  included-24 garages  or  se rv ice  s ta t ions ,  a n d  eight  
dealerships.  A full-sized station wagon with a conventional four- 
headlamp s),stem was employed to test the performance of those service 
outlets. First, the researchers used a level floor and  a carefully calibrated 
mechanical aiming device to misaim the headlamps at the HSRI 
laboratory. The lamps were  aimed at specified points two to four inches 
outside the 4-x-4-in. tolerance a rea  specified by SAE Standard J599c, The  
car was then driven to one of the service outlets, where  the driver com- 
plained that his headlamps seemed to be  a imed badly.  H e  requested they 
be checked and re-aimed i f  necessary,  and s t a l ~ e d  to observe (whenever  
possible] the checking and re-aiming process. 

After the work was  completed,  the serc.iceman who had  done the work 
was queried on his experience and practice in headlamp aiming, The car 
was then returned to the HSRI laboratory and the aim of the head lamps  
checked at the same spot and with the same  mechanical  a imer  used to mis- 
aim the headlamps initially. That  test procedure  was  repeated with each 
of the 32 ser~xice outlets. 

The stud! results showed that onl! 1 2  of the 32 outlets aimed all four 
lamps ~v i th in  SAE tolerances; that is, 63 per  cent of the vehicles that h a d  
their headlamps re-aimed at those service facilities had  at least one  l amp 
outside the SAE tolerances. Eighteen per  cent of the 128 individual lamps 
were  misaimed more than four inches left or eight; 26 pe r  cent w e r e  mis- 
aimed more  than four inches up or down;  overall,  35 per  cent of the lamps 
were  misaimed more  than four inches,  ei ther horizontally, vertically, or 
both. Thus the stud!. showed that the service outlets did a poorer overall 
job of aiming headlamps than the factories did.  

The eight dealership service depar tments  included in the group of 32 
ser\.ice outlets performed somewhat better  than the 24 private garages and 
service stations. Four of the dealerships (50 per  cent)  a imed all four lamps 
on the car within the SAE tolerances. The  other four dealerships misaim- 
eti nine of the 1 6  lamps the)' work on (five vertically and four horizon- 
tally). 

The aiming de\ 'ice most commonly used by the service outlets was  the 
mechanical a imer ;  26 of the 32 outlets used i t .  Three  used optical aimers,  
:in[] three others used no aiming device.  In general ,  the servicemen who  
used de~r ices  seemed a d e q u a t e l ~ .  familiar with them, although a f e w  serv- 
icemen expressed or demonstrated some minor misconceptions about 
their cie\,ices, hlost of the operators stated that the!, did little head lamp 
aiming; "once a month or less" was  the usual response.  A few claimed to 
aim "se\.eral per  iveek," and one claimed "one or two per  day." There  was  



no relationship between claimed frequency and the quality of the aiming 
service provided. 

HSRI researchers concluded from those findings that unless aiming 
service in the Ann Arbor area is decidedly worse than the national 
average, poor quality of service is a significant source of misaim of 
headlamps on cars in use. 

Misaim as a Function of Normal Use 

To investigate whether and how far headlamps become misaimed dur- 
ing normal use of vehicles, the researchers conducted a one-year study of 
44 vehicles owned by HSRI staff members. Each owner-volunteer was 
asked to notify the experimenter if he replaced a headlamp, or if the vehi- 
cle incurred sheet metal damage, broken springs, or anything else that 
might change the aim of its headlamps. 

At the beginning of the study, the headlamps of all of the vehicles were  
correctly aimed in the HSRI laboratory, This aiming was performed on a 
level concrete floor with mechanical aimers that were  checked regularly 
for calibration. Before the lamps were  aimed, each car was rocked to set- 
tle the suspension, the headlamps were  cleaned, and the gasoline level 
and odometer reading noted and recorded. 

The headlamp aim of the subject vehicles was checked at intervals of 
two, five, eight, and twelve months, using the same space, equipment, and 
methods, including the same levels of gasoline as in the initial aiming. The 
mileage accumulated by the test vehicles during the study period varied 
considerably-from 3,500 miles to more than 23,000 miles. 

Because of attrition (vehicles sold, sheet metal damaged, headlamp 
replaced, e tc . ) ,  only half of the 44 vehicles remained in the study after 
twelve months. Therefore the study findings were  based on the 33 vehicles 
that had undergone re-checks at the two-month, five-month, and eight- 
month intervals. The results showed that few major changes in headlamp 
aim occurred during the eight-month period. During the initial two 
months, one headlamp on one of the 33 vehicles became misaimed beyond 
the SAE tolerances. At the five-month check, two of the headlamps on that 
vehicle were in misaim; and, at the eight-month check, a total of three 
headlamps on two vehicles were  in misaim. 

Although the headlamps on only two of the 33 vehicles exhibited aim 
changes beyond the SAE tolerances, the detailed study findings show that 
many of the headlamps did shift considerably during the study period. 
The researchers concluded that the aim changes found in this study as 
well as other studies reported in the literature result from aiming 
processes that produce an unstable condition involving the aiming screws 
and spring in the lamp fixture. They suggested that if the lamp support 
system could be redesigned to eliminate that instability, this would 
eliminate or greatly reduce the numbers of lamps misaimed as a result of 
this lamp-misalignment problem. 

Misaim and Aiming Devices 

To examine the reliability of aiming devices as well as problems with 
their use,  HSRI researchers conducted experiments in which test subjects 



used visual and photometric aimers in attempts to align the long axis of 
vehicles mfith marks on a wall 25 feet  away. Ten human subjects were  in- 
structed on how to use the aimers. They then made five alignments on 
each of five different vehicles with both types of aiming device. 

The results sho~ved  that such an alignment task is not easily performed 
accurately. The research subjects achieved closer alignments of cars that 
had prominent hood centerlines than cars lacking them, They also achiev- 
ed closer alignments with the photometric than with the visual a imer ,  
However, the errors in alignment were  so great with either device that a 
substantial percentage of the alignments ulould have produced lamp mis- 
aims beyond f 4 inches at 25 feet ,  

Misaim and Vehicle Loading 

To determine how vehicle loads affect headlamp aim, the researchers 
selected and tested seven representative cars (a VW "bug," Mustang, 
Plymouth, Plymouth station wagon, Camaro, Pontiac, and a half-ton 
pickup). They aimed the lamps with the vehicles containing only a 150-lb. 
driver and a full tank of gas, and used that as a baseline for aim 
measurements under nine other load conditions. The results (presented in 
detail in the study report) showed that when the American-made vehicles 
contained their full-rated load, their headlamp aim was changed upward 
from 3.3 to 6.5 inches above the baseline aim. This showed that vehicle 
loading is a significant source of aim variance in the American makes 
tested, and that since the changes are  upward, this produces substantial 
increases in glare for other drivers. 

Conclusions 

An analysis of the major sources of variance in headlamp aim allowed 
the researchers to estimate the contribution each source makes to the 
percentage of misaimed headlamps among various vehicle populations. 
They estimated, for example,  that in a population of one-year-old cars 
with original headlamps factory-aimed with mechanical aimers, about 21 
per cent of the vehicles will have at least one headlamp misaimed beyond 
the SAE tolerance, either horizontally or vertically. In a population of 
vehicles with headlamps that have been replaced but not re-aimed, 39 per  
cent of the vehicles will have at least one lamp misaimed beyond the SAE 
tolerances. Considering the combined effects of mis-calibrated aimers,  
human factors in the re-aiming process, and the instability of lamp aim in 
normal service, the researchers concluded that even if  car owners were  to 
have beams re-aimed when a lamp is replaced (few owners or mechanics 
think this is necessary),  this would not significantly decrease the percen- 
tage of misaimed lamps on cars in use.  HSRI researchers concluded that 
unless the quality of headlamp aiming and alignment is improved, new 
beam patterns or higher-intensity beams would not provide better visibili- 
ty and reduced glare in practice, and that further efforts should be 
directed toward solving some of the problems of obtaining and main- 
taining correctly aimed beams. 



EXPLORATION OF A 
THREE-BEAM SYSTEM 

TO DEVELOP BASIC GUIDELINES for the design of a three-beam 
switching system, HSRI researchers began by studying how test subjects 
used a three-beam system while driving a test car. The results of the driv- 
ing study were  then employed, along with human-factors principles, to 
develop a list of design criteria and a procedure for evaluating various 
design concepts for a three-beam control/display system. The researchers 
applied the criteria to 13 different control-system designs to identify the 
four most effective designs. 

The Driving Study 

To find out how 10 test subjects would use a three-beam headlamp 
system, five male and five female test subjects drove a test car at night on 
four kinds of roadways in and around Ann Arbor: urban streets, urban ex- 
pressways, rural two-lane roads, and rural expressways. The test subjects 

The test vehicles used in field experiments 

were  from 21 to 42 years old, from 57,s  to 73 inches tall, and had various 
vocations. (None was a lighting expert.) The test vehicle had four conven- 
tionally positioned headlamps that supplied a low beam,  mid beam, or 
high beam. The low beam was supplied by the two outboard (No. 6014) 
lamps. The mid beam consisted of those two lamps plus the inboard lamp 
on the driver's side. This third lamp was a "Type 111" 50,000-candela lamp 
aimed so that i t  illuminated the right-hand side of the road about 25 per 
cent farther than did the low beam. The high beam consisted of all four 
headlamps-the outboard lamps on their high beam,  the mid-beam lamp 



inboard on the driver's side,  and a "Type IV" 100,000-candela lamp in- 
board on the passenger's side. 

The work with test subjects included a sequence of six activities: 
1) The subjects completed a questionnaire designed to obtain informa- 

tion on how they ordinarily use the present two-beam, high-low system in 
various night-driving situations on urban streets, urban expressways, 
rural roads, and rural expressways, 

2 )  Each test subject was shown how the three beams on the test car 
appear to oncoming drivers. The subject sat in his own car on a straight 
two-lane road while the experimenter drove past him with the test car at 
1 5  m.p.h.  from 300 feet away, using the low beam, mid beam,  and  high 
beam on successive passes. 

3) The subject then drove the test car for five miles on a two-lane rural  
road while the experimenter switched the beams to demonstrate the 
visibiilt>r the!, provided on straight sections and curves, with and without 
the opposition of beams from oncoming vehicles. This procedure also 
demonstrated to the subject how oncoming drivers reacted to the various 
beams and the beam switching performed by the experimenter.  

4 )  The test subject then used the three-beam system himself while driv- 
Ing the test car over a route that included roadway changes from urban 
streets and expresswalfs to rural two-lane roads and expressways. The 
verbal requests of the subject for changes from one beam to another were  
executed and recorded by the experimenter in the rear  seat of the test 
vehicle. 

5) After completing the driving experiment,  the subject completed a 
questionnaire designed to obtain information on how the subject would 
use a three-beam s!stem in various situations on various kinds of roads. 

6) An interview with the subject ivas then conducted [and taped) to ob- 
tain his comments on the driving experiment and  his opinions on beam- 
switching control/display d e ~ ~ i c e s .  As part of this discussion, the ex- 
perimenter explained three different control concepts for beam switching. 
One concept featured a three-position, pressure-actuated foot switch. A 
second featured a dashboard-mounted switch for selecting between a pair  
of beams (L/H or hllH) plus a pressure-activated foot switch. The  third 
featured a three-position, horizontally actuated steering-column lever. 

The Questionnaire Results 

On the first questionnaire-the one on use of the present two-beam 
slrstem-most of the subjects indicated that they use the low beam on ur- 
ban streets and urban expressways, on rural two-lane roads in medium or 
heav!. traffic, a n d  during: conditions of twilight, fog, rainfall, or snowfall. 
T h e j ~  indicated that they use the high beam on rural  roads and rural  ex- 
pressways ~ v h e n  traffic is sparse,  and to signal an  oncoming driver that the 
headlamps of his vehicle are glaring. 

On the second questionnaire-the one on use of the three-beam 
system-most of the subjects indicated that they would use the m i d  beam 
on urban streets and urban expressways, and on rural  two-lane roads and  
expressways in medium or heavy traffic. They would use the high beam 
on rural  roads and expressways nthen traffic is sparse,  and  also to signal 



oncoming motorists,  hlost would use  the l o ~ v  beam only in d a ~ l i g h t  dri~ving 
conclitions of twilight, fog, rainfal l ,  or snowfall.  

In response to additional questions about  use of the mid b e a m ,  most of 
the subjects  indicated that the!, thought the mid beam produced no more  
glare for oncoming or preceding drivers  than the low b e a m ,  that i t  produc- 
ed  more  \,isibilit! than the lo\\> beam,  and  that it would b e  a significant im- 
pro\.ement of their \vehicle's headlighting system. Most also thought that 
the lo\( beam should be  retained fo r  dr i~r ing  in fog, snowfall ,  and  on well- 
lighted cit!] s t reets .  

Analyses of Beam Switching 

1Vhen the test subject  reques ted  a beam change during the driving ex- 
per iment ,  the exper imenter  recorded it in  association with one  or  more  
phrases  describing the conditions in the situation. For example ,  a f ew  of 
the conditions noted w e r e  "Vehicle oncoming," "Approaching ent rance  
ramp,"  "End of r amp ,"  "Street lights," "To see  pedestr ian/vehicle/ob- 
ject/sign," plus 23 other  phrases ,  including "No appa ren t  cause." 
Ana l j s e s  of those records showed that most of the b e a m  changes on ex- 
p r e s s ~ ~ a ~ ~ s  (74 pe r  cent)  \Yere be tween  the mid and  high beams .  O n  tivo- 
l ane  rura l  roads that percentage was  88. In contrast ,  most b e a m  changes on 
u rban  roads and streets  were  be tween the mid a n d  low beams.  T h e  
findings s h o ~ v e d ,  in genera l ,  that test subjects  used  the mid beam in most 
situations w h e r e  they would use the low b e a m  in  a two-beam s ~ . s t e m .  

Design Concepts for Three-Beam Controls 

To de\ 'elop design concepts for a three-beam control/display system, 
the researchers  assembled  a list of 44 cri ter ia  der ived  from the human-  
factors ,  aerospace ,  and  automotia7e research  l i te ra ture .  O n e  important  
cr i ter ion,  for example ,  is that the on/off control for  a head lamp  system 
must be  placed in a position that minimizes the possibility of the 
headlamps '  being inadvertantl!, switched off. T h e  present  usual  location 
of the actiirator control switch-low on the dashboard  and  to the left of the 
s teering column-reflects that considerat ion.  Similarly,  other  cr i ter ia  
relate  to minimizing dr iver  e r rors ,  difficulty, distraction, and  time losses 
by contr ibuting to the design of controls that a r e  s imple  and  easy to f ind ,  
unders tand ,  r each ,  and  opera te  quickly and  correctl!.. This  means ,  among 
other  things, that a n e w  control sj 'stem should b e  a s  compatible a s  possible 
with existing control systems,  or at least with the best  common fea tures  of 
present  ~ ! ~ s t e m s .  

T h e  researchers '  assessment of present  control /display systems iden- 
tified some deficiencies that exper ienced  drivers  a r e  m o r e  or  less a w a r e  
of: T h e  push/push  floor s l ~ i t c h  for beam changing, positioned differently 
in different  cars ,  can 1)e difficult io locate and  can  r equ i r e  awkward  or ex- 
cess1a.e leg m o ~ ~ e m e n t  for some clrl\.ers. Present  dashboard  displays d o  not 
indicate i f  the l o ~ v  beam is act ivated,  and  this contr ibutes to the f requency 
of vehicles being dri1,en avithout headlights  unintent ional ly.  (A complete 
displa:, could provide the d r i ~ r e r  full f eedback ,  Lighted dashboard  
messages could s ta te  ' 'No  Lights," "Parking Lights," "Low Beam," a n d  
"High Beam," for example . ]  



To differentiate  the 34 design cri ter ia  in terms of their relat ive impor-  
tance,  f i~se  HSRI staff m e m b e r s  expe r i enced  in switching design in- 
dependent ly  rated them on a four-step scale a s  essential ,  p r imary ,  secon- 
dar l . ,  or  tertiarl. .  The  pooling of those ratings produced four s epa ra t e  lists 
of, respectivel!~. 6 ,  16, 9 ,  and  9 cr i ter ia .  These  w e r e  used  to eva lua te  13 
different  designs for the controls of a three-beam h e a d l a m p  sys tem.  

T h e  13 designs discussed a n d  i l lustrated in the stud)? repor t  employ 
various combinat ions of dashboa rd ,  f loor ,  anti s teering-column-mounted 
controls for act i~rat ing the head lamps  a n d  select ing the beams .  T h e  four  
designs rated most safe  and  effective all have  a push/pul l  activator control 
on the clashboard on the left s ide  of the s teer ing  whee l  ( a s  with most pre-  
sent  s ~ , s t e m s ) .  For beam switching dur ing  driving,  o n e  design has  L ,  M,  H 
pushbuttons in the s teering wheel  h u b .  A second design h a s  the L ,  hl. H 
pushbuttons on the dashboard  above  the activator control.  A third h a s  a 
lever  on the left s ide  of the s teer ing  column to provide  three  horizontal  
positions for selecting low, mid ,  and  high beams .  T h e  fourth h a s  the s a m e  
column-mounted lever  w i th . th ree  vertical positions for  select ing the low,  
mid ,  and  high beams.  All four control systems a r e  ~ f i t h i n  bl ind r each ,  
provide access to any  of the th ree  b e a m s  wi th  o n e  motion,  a n d  provide  
~r i sua l  and  propriocepti \ ,e  feedback.  

Conclusions 

In s u m ,  the researchers  concluded that the driving tests establ ished h o w  
most dr ivers  would use a three-beam s j rs tem;  that the rating cri ter ia  a d e -  
quate ly  del imited design possibilities for  control sys tems;  and  that the  
four designs rated most effective by the weighted cri ter ia  would b e  safe  
and  convenient .  



DEVELOPMENT OF A 
COMPUTER SIMULATION MODEL 
UE:C,4l:SE FIELD EXPERIhlENTS for  evaluat ing head lamp  s ~ ~ s t e m s  a r e  
cspens i \ -o  and  time-consuming, HSRI r e sea rche r s  set  about  developing a 
mathematical  model  of the pa rame te r s  involved in visibility/glare 
s i luat ions,  so that a computer  program could s imula te  the conditions and  
~ . e su l t s  of field exper iments .  The!, knew that once such a computer  
I W O ~ ~ ~ I ~ I  \vas completed and va l ida ted ,  the s imulat ions would b e  relative- 
1). i n e ~ p e n s i 1 . e ~  fast,  and  completely repea table .  It would  b e  feasible,  in 
terms of time and  cost, to change just o n e  pa rame te r  va lue  in each  of 
so\.ernl c o m l ~ u t e r  runs  to establish the effects of those changes,  then to 
change another  pa rame te r  s !~s temat ica l l~~,  etc .  Used  in this way ,  a  com- 
I I L I I ~ I '  s imulation ~ ~ r o g r a m  could tell a n  exper imenter  more  in one  day  than 
h e  coul(l learn  from months of f ield exper iments .  

Elements of the Model 

T h e  model  Lvas designed to compute  the distances at which a dr iver  can  
s e e  and  interpret  a  target at night w h e n  the b e a m s  of his  vehicle a r e  unop- 
posed or opposeri I]!. the beams  of a n  oncoming vehicle.  Thus  the major  
e lements  in the model  a r e  the road ,  two vehicles ,  a  target,  the h e a d l a m p  
beams ,  and  the " e ~ , e "  of the driver-observer .  (The  mathemat ica l  
equat ions  for those e lements  a r e  omit ted h e r e ;  in teres ted  r eade r s  can f ind 
them in Report No.  UM-HSRI-HF-73-15.) 

T h e  road in the model  can b e  represented  a s  straight or curved ,  f la t  or  
untlulating. The  tiyo vehicles  a r e  represented  a s  moving on paral lel  paths,  
~ v i  th constant lateral  and  ~ :e r t i ca l  separa t ion  distances.  T h e  longitudinal 
separat ion distance is defined a s  the independen t  var iab le .  

Both \vehicles a r e  represented  a s  having u p  to five head lamps  located in 
fisetl  positions r e l a t i ~ ~ e  to each  o ther  a n d  a imed  at any  horizontal and  ver-  
ticti1 angles. 

T h e  head lamp  o u t ~ ~ u t s  a r e  descr ibed  by a table of intensity \ralues, in 
candelas ,  for pairs  of horizontal and  vertical angles. Each l amp  can  b e  
snitchecl off or  on at specif ied separa t ion  distances.  

T h e  t l r i \ , e r -o l~ser~rer  is represented  a s  hailing a single eye  located at  any  
arb i t ra ry  point in the main vehicle.  T h e  eye  line-of-sight can  b e  
~ . ep resen ted  as  fixed or  as  tracking the target.  T h e  eye  itself is represented  
a s  affeotet l  I)!. \.eiling g lare  f rom the beam of the opposed vehicle direct ly,  
indirect11 1 ) ~ .  h ead lamps  imaged in r ea rv i ew mir rors ,  and  by  foreground 
glare from light from the ohserver 's  h e a d l a m p  b e a m s  reflected off the 
j ~ a \ , e m e n t .  T h e  eLre is represented  a s  being in one  of three  s tates:  adapta-  
tion lo increasing glare,  readapta t ion  to slowly decreas ing  glare,  and  
rec:o\7el.j. (luring r a ~ ~ i t i l y  decreasing g lare .  This  task of accurately 
representing the pe r fo rmance  of the h u m a n  eye  involved precisely in- 



tegrating the eyuat ions  for "adapta t ion ."  " readapta t ion ,"  and  " r e c o \ ~ e r ) ~ . "  

T h e  distance at ~ v h i c h  the obsera.er can ' , see"  the target is a  funct ion of 
four factors:  the relat ions b e t ~ v e e n  the intensit),  of i l lumination d i rec ted  at  
the target,  the distance of the target,  the reflecti~~it!r of the target,  a n d  the 
intensit! of the veiling g lare  d i rec ted  at the eye  of the  observer .  Because  
the s!,stem of e q ~ ~ a t i o n s  represent ing  those factors  w a s  much too complex  
to be  s o l ~ , e d  explicitl!, for  visibilitl. d i s tance  in te rms of separa t ion  dis- 
tance,  the model  uses a  convergence p rocedure  to f ind  the largest target 
dis tance at which  the intensity d i rec ted  at the target is equa l  to the intensi-  
ty the observer  " e j ~ e "  r equ i r e s  to "see" the target .  

Simulation of the Headlamp Beams 

T h e  light output  of head lamps  is usual ly r ep resen ted  by  a n  iso-candela 
d iagram,  but  a  computer  program cannot  use  such  a d iagram direct ly.  
The re fo re  the r e sea rche r s  constructed a b ivar ia te  table of cande la  va lues  
for  pa i rs  of 61 horizontal and  22 vertical angles  re la t ive  to the longitudinal  
axis of the  two vehicles. T h e  l amps  can  b e  misa imed in  a n y  direct ion of 
pi tch,  yaw,  a n d  roll.  

T h e  pa th  of the target through the h e a d l a m p  b e a m  of the ma in  vehicle is 
calculated for  20 ~i s ib i l i t y -d i s t ance  va lues .  Likewise,  the pa th  of the  ' ' e ~ . e ' '  
through the b e a m  of the g lare  vehicle is ca lcula ted  for  20 separat ion-dis-  
tance values in te rms of the horizontal and  ~ re r t i ca l  angles for  each  point .  

Finall), ,  foreground g lare  d u e  to i l lumination of the pavemen t  by  the  
head lamps  of the observer ' s  vehicle is r ep resen ted  by  a n  equat ion  that in- 
c ludes  the reflectivity of the pavemen t ,  the d is tance  f rom the l amps  to the  
pavemen t ,  the angle of inc idence ,  the intensit!, of i l lumination d i rec ted  at  
the pavemen t ,  and  a factor represent ing  ivhether  the eye  line-of-sight is 
fixed o r  is tracking the target.  (With the la t te r ,  foreground g lare  var ies  con- 
s iderabl j , . )  

The Need for Validation of the Model 

After  the basic equat ions  a n d  tables w e r e  integrated in a  compute r  
program,  the model  behaved  q u a l i t a t i ~ ~ e l y  a s  i t  ivas expected  to: Values  
represent ing  m o r e  in tense  l amps  produced la rger  visibility distances.  S o  
did values represent ing  targets of h igher  reflectivity. Values  represent ing  
more  in tense  g lare  lamps  r educed  o risibility d is tances ,  whi le  increases  in 
the med ian  separa t ion  distances of the vehicles  r e d u c e d  g lare  intensi t ies  
and  increased  \.isibilit!, dis tances.  However ,  the model  h a d  to b e  va l ida ted  
quanti  tati~lel!.; its inputs  and  resul ts  h a d  to b e  careful ly compared  with in- 
puts  a n d  resul ts  of actual  field expe r imen t s  to de t e rmine  w h e t h e r  the  
computer  model  was  accuratel l .  s imulat ing real-nlorld effects.  T h e  
problem for the r e sea rche r s  at this point w a s  that not enough prec ise  a n d  
c o m p a t i l ~ l e  field data \yere ava i lab le .  Field expe r imen t s  conducted  b!, 
\various r e sea rche r s  during the preceding  clecarle hati used  \vide]!, \.arying 
methocls, p rocedures ,  anti targets.  The re fo re  most of the resul ts  repor ted  
in the l i te ra ture  \yere uncomparah le  anti unsui ted  for  evaluat ion of the 
computer  s imulat ion program. Thus  HSRI r e sea rche r s  had  to conduct  a  
n e w  se r i e s  of field exper iments  designed to o l ~ t a i n  real-world da ta  essen- 
tial for ref ining ant1 validating the s i n ~ ~ . ~ l a t i o n  morlel. 



FlELD TESTS FOR 
VALIDATlON OF THE MODEL 

The Field Studies 

To obtain dal;i adequate  for i~al idat ing the simulation model,  the 
researchers conducte(1 seiren field studies. The first four in the series 
emplo!,ed t\vo test vehicles, 56 test subjects, and three  types of targets in 
experiments conducted on special courses in the 2.5-mi. straightaway at 
the Ghl Pro\,ing Grounds in Ivlilford, Michigan. The test vehicles were  
equippe(1 \ ~ . i t h  u p  to 14 headlamps,  automatic speed  controls, master con- 
trol panels for the headlamp sjvstems, two-way radios, infrared target- 
sensing de\ 'ices, and strip-chart recorders that automatically logged the 
subjects'  target-identification responses. The subject-drivers and subject- 
passengers rode in the front of the test vehicles while the experimenters in 
a rear seat operated the headlamp control panel .  Test runs  for measuring 
target iisibili t b r  against opposed headlamps began with the vehicles facing 
each other ~ 1 1  opposite ends  of a 6,400-ft, course. 

Stud!. One 

In the first stud!., the researchers measured the visibilitl: distances of 
TI-pe-I targets (a  r e ~ , e r s i b l e  white bar  and square  on a black background 

'4 T! pel I:irpet used in the field exper iments .  
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$. , A T> 11e-11 target on  its '7 - f t .  s t anda rd .  

Rigging the T> pe-111 target. 
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pane l ]  a s  a function of se\.eral var iab les :  (1) target ref lectance (6  p e r  cent ,  
12 pe r  cent ,  36 pe r  cent ,  54 pe r  cent ,  and  84 p e r  c e n t ) ;  (2) target location 
[right or left of the l a n e ) ;  (3)  target height (6 or  18 inches  above  the 
g r o u n d ) ;  and  ( 4 )  head lamp  beam ( t h e  low a n d  high b e a m s  of two s t anda rd  
No.  6014 sea led-beam l a m p s ) .  Those  40 combinat ions  of var iab les  w e r e  
presented  once to each  of 16 subjects .  

T h e  resul ts  of the tests showed that u n d e r  unopposed  condit ions,  the 
low beam and  high beam provided almost  e q u a l  visibility distances for 
targets located to the right of the lane .  T h e  average  for  the low beam w a s  
310 fee t :  for the high,  320, But, for  targets located at the left s ide  of the 
l a n e ,  the high beam provided much  m o r e  visibility distance (250 fee t ,  com- 
pa red  to 180).  As was  expected ,  g lare  f rom opposed  head lamps  r educed  
the ~ ~ i s i b i l i t ) .  of lef t-hand targets more  than  it d id  r ight-hand targets. For 
targets on the lef t ,  the lowest visibilit), d i s tance  w a s  120 fee t  with e i ther  
b e a m ,  whi le ,  for targets on the right,  the  low points  w e r e  280 feet  for  the 
low beam a n d  only 255 feet  for the  high b e a m .  T h e  f indings with respect  to 
target ref lectance showed ,  a s  expected ,  that the h igher  the ref lectance of a 
target,  the f a r the r  i t  could b e  s e e n  u n d e r  e i ther  g lare  o r  non-glare con- 
di tions. 

T h e  second s tud)  w a s  a repl icat ion of the  first o n e ,  except  that the 
lateral  separa t ion  of the opposed vehicles  w a s  increased  from seven to 36 
fee t ,  the target-reflectance factor w a s  r educed  to two levels  (12 p e r  cent  
a n d  54 p e r  cen t ) ,  and  four  of the 1 2  test subjec ts  m a d e  ext ra  runs  at a 
h igher  speed  to establ ish whe the r  this affected their target-sighting per -  
formance  ( i t  d id  no t ) .  

T h e  resul ts  of the second s tudy showed  that with the increased  med ian  
separa t ion ,  the high beam a lways  provided  m o r e  visibility distance than  
the low b e a m ,  regardless  of the longitudinal  d is tance  be tween  the 
~ ~ e h i c l e s .  ( In the first s tudy,  the low b e a m  provided  grea ter  visibility for  
right-side targets w h e n  the vehicles  w e r e  f rom 500 to 200 fee t  apa r t . )  T h e  
f inding suggests that dr ivers  in cars  s epa ra t ed  by  even  a modest  med ian  
should  not s ~ v i t c h  from high to low beam to maximize  visibility (al though 
the!, ma!. want  to d o  so to minimize discomfort  g lare  for  the  o ther  d r ive r ) ,  

As expected ,  the 36-ft. med ian  separa t ion  p roduced  less discomfort 
g lare  and  significantl)? grea ter  visibility d is tances  for  dr ivers  of cars  ~ ' i t h  
opposed  high beams .  T h e  low visibility point w a s  at 1,000 feet  be fo re  the 
m e e t ~ n g ,  cvhen a 12 pe r  cent  ref lectance target could b e  identif ied at a dis- 
tance of 280 f ee t  \Irith the 7-ft. med ian  sepa ra t ion ,  the low visibility point 
c o n t i n l ~ e d  from 500 to 300 feet  before  the meet ing ,  mhen  the target could 
be  identif ied at a distance of onl)? 190 fee t .  

Stuci?. Three 

T h e  third stud!. in~rest igated high- a n d  low-beam visibility d is tances  for 
T).pe-I targets placed in the center  of the l a n e  ( they  folded d o ~ v n  
automat~cal l !  ) :IS lvell a s  T).pe-I1 and  Type-I11 targets.  T) ,pe I1 w a s  a whi te  
diagonal  11ar cln a ])lack t~ackground  pane l  moun ted  on a 7-ft, s tand  p laced  
to the right of the l ane  to represent  a traffic sign. Type  111 w a s  a silver- 



\\.hiti:, re \ .ers i l ) le  ]'"-in. "E" on a g reen  I~ackground  pane l  moun ted  on  a 
truck so that i t  coultl 11e suspendet l  17  f e e t  o\.er the  test l ane  to r ep re sen t  
2n express\z.a!. exit s ign,  :4 7-ft. med ian  sepa ra t ion  [yas u sed .  

Test resul ts  for  the T!.l)e-I targets l~lacecl  directl!. in the  pa th  of the \,chi- 
cle s h o \ ~ < e t i  thtit the lo\v heam pro\.icied be t te r  \.isibilit!. than the  high 
beam for a lonp span  of pre-meet ing  distance-beginning w h e n  the ca r s  
Lvere 1 ,800  feet  apa r t  and  continuing until the!, wrere only 50 fee t  apa r t .  At 
a separa t ion  ilistance of 600 f ee t ,  for  e x a m p l e ,  the high b e a m  proilided a n  
a \ ,e rage  target 1-isil~ilit!, of onl! 125 f ee t ,  c o m p a r e d  to 145 fee t  for  t he  low 
h e a m .  

For the T!,pe-I1 targets ,  the  high b e a m  aliva!~s proirided g rea t e r  \isibilit!r 
u n d e r  tin!. g la re  condit ions.  T h e  point of l o ~ v e s t  target visibility w a s  a t  1,- 
000 fee t  before  the \rehicles met  a n d  passed:  the high b e a m  provided  target 
ident if icat ion at 1,150 f ee t ,  the lo\v b e a m  at 1,041) f ee t .  

For the T!.l)e-III [o \ , e rhead ]  target ,  the most in te res t ing  test resul t  w a s  
the s imi la r  pe r fo rmances  of the lo\'v a n d  high b e a m s .  LiZIith 1,000 fee t  
be t izeen  the ca r s ,  the 1011 a n d  high b e a m s  both allonled ident if icat ion of 
the target 625 feet  aLvaJS. At 600 fee t  be fo re  the  \,chicles me t ,  the  low b e a m  
outl)erfornied the high l ~ e a m  b!. a l l o ~ v i n g  target ident if icat ion at 680 f ee t ,  
compared  to 575 feet ivith the high h e a m .  This  effect  \vas d u e  part ly to t he  
estremel!. hiph reflecti\,it!. of the T!.pe-I11 target ( t h e  legend h a d  a 
t~ r i l l i ance  of 675,  and  its g reen  hackground shee t ing  h a d  a br i l l i ance  of 80) .  
Test s u l ~ j e c t s  repor ted  a ser ious  " l ~ a c k  glare" f rom the  target w h e n  i t  w a s  
high]!. i l luminatecl,  anti this m a d e  i t  tlifficult to s e e  clearly enough to in te r -  
pre t .  Such  a target is e\'itlentl! self-limiting, in the s e n s e  that i l h rn ina t ion  
l~e>rontl a cer ta in  a m o ~ i n t  cloes not impr0i .e  a n d  actual ly impa i r s  its 
reada1)iIitl~. O n  the o the r  h a n d ,  its high reflectit~it!, a l lows d r ive r s  to r e a d  
i t  f rom long tiistances ~ t . h e n  i t  is not i l luminated  \!cry m'ell. Its high 
I~ r i l l i ance ,  t!.j)ical of interstate  high\z.a!. s igns,  h a s  110th effects .  

T h e  fourth stlicl! r e ~ ~ l i c i i t e t l  the t h ~ r d ,  except  that i t  u sed  a m e d i a n  
separ , l t ion d is tance  of 36 feet  to s i n ~ u l a t e  n di\.iderl highiv;t),  ancl the T!,pe- 
111 target \2:1s not 11se(1. T h e  resul ts  for 110th the T!,pe-I anrl T!,l)e-II targets  
showeti  that the high 11etin1 consistentl! pro\ , ides g rea t e r  \risibilit>., wi th  
this met1i:in s epa ra t ion ,  u n d e r  all g l a r e  condit ions.  

T h c  lest s ~ l l ~ j e c t s  in the first four  sturlies had  b e e n  asked  to inclicate d u r -  
ing the test r uns  \z.hene\.er the g la re  11ecame i n t o l e r a l ~ l e .  Annl!.ses of those 
responses  sho\z.ctl some  e x l ~ e c t a l ~ l e  results-c.g.,  significantl!. m o r e  test 
s u l ~ j c c t s  re j~or tec l  g la re  discomfort ~ v i ~ h  high h e a m s  than \q.ith  lo\^, anti 
\ ~ . i t h  med ian  sel)a~, t l t ions of se \ ,en  feet thtin 36 fee t .  A less cspcc tc t l  fin- 
cling, ho~z .e \ re r ,  \\.as that tho s ~ i l ~ j e c t s '  responses  to g l a r e  \.ariecl con- 
sicler:il)l\. in tctrnis of' thci dist;lncr:s 1 1 ) .  \ ~ . h i c h  tho ol~posecl  \,t:hic;les Lvert: 
scpar;iti:iI. Some of the sy~reacl in the rtisponses p r o I ~ : i l ) l ~ ~  resl~llecl f rom 
cliflorcncos in the \.\.a!. tho sul) jccts  intc3r~)roiecl the ph ra se  "intolcrn1)le 
tl iscon~f'ort." ancl somr: from real  (11fferenc:es in their  captlc:it!. to to1t:rate 
g la re .  



i l ' i th  the first f o u r  s tudies hai.ing focused on the per formance  of the 
stanrlard I '  S Ion. and  high beams  [No .  6014 l a m p s ) ,  the fifth stud!. com- 
pa red  the per formance  of those beams  mrith fi\re o ther  head lamp  systems:  

1) T h e  s tandard  U.S. low b e a m  plus  a third l a m p  ( a  44051) in 
nominal  a im.  

2 )  T h e  s tandard  U.S. low beam plus the 44051 a imed  3/4" u p  and  l / Z O  
left.  

3) T h e  s t anda rd  European low b e a m  ( two H4 l amps ) .  
4) T h e  s t anda rd  European high b e a m  ( two H4 l amps ) .  
5) T h e  s tandard  U.S. high beam plus  a supp lemen ta l  high-beam l amp  

(T!,pe 11'). 

T h e  stud!. bvas conducted on a n  asphal t  r u n w a y  of a private a i rpor t ,  on a 
course  60 feet w ide  and  3,300 feet long, using Type-I a n d  Type-I1 targets of 
1 2  p e r  cent ref lectance and median  separa t ions  of s even  a n d  30 fee t .  T h e  
driiyer-subjects and  passenger-subjects pressed  swi tches  to record their 
target identifications. They also ra ted  the  effect iveness a n d  g lare  discom- 
fort of the various head lamp  beams ,  relat ive to the s t anda rd  U.S. low 
b e a m ,  on a scale ranging from one  (very  m u c h  less)  to s even  (very  much 
m o r e ) .  Immet l i a t e l~ .  af ter  each  test run  they marked  their rat ing on a s l ip 
of p a p e r  and  passed it to the expe r imen te r .  This  e l iminated  the possibility 
of their  inf luencing each  other 's  judgments.  

T h e  results of test runs  to measu re  visibility d is tances  for  Type-I targets 
showed that u n d e r  no-glare conditions the U.S, high b e a m  plus Type-IV 
l a m p  provided the highest target visibility d is tance  ( a n  average  of 425 
f e e t ) .  T h e  ~ v o r s t  per former  ivas the H4 low b e a m  (270 f ee t ) .  T h e  four o ther  
b e a m s  w e r e  grouped closely at be tween  350 a n d  370 fee t .  

Test runs  a i a ins t  opposed beams  showed  that the  H4 low b e a m  provided 
l e s s  v i s i b i l i t j  t h a n  a n !  of t h e  o t h e r  b e a m s  a t  b o t h  m e d i a n  
separations-seiren feet and  30 fee t .  T h e  test subjec ts  ra ted  the  H4 high 
b e a m  as  more  glaring than any of the o ther  beams .  

Studjl Six 

T h e  sixth stud!., conducted on three  types of roads  u n d e r  normal  driving 
condit ions,  measu red  the discomfort g lare  of severa l  d i f fe rent  h e a d l a m p  
b e a m s  by noting the relative f requency wi th  wh ich  oncoming dr ivers  re-  
ques ted  d imming h!, flashing their headlights .  All of the b e a m s  used  in the 
f i f th stud!. w e r e  emplo\red, except  for  the combinat ion  of the U,S, high 
beam with the T!.pe-IV l amp .  O n e  n e w  combinat ion  used  w a s  the No,  6014 
l o ~ v  beam along bvith the H4 low b e a m .  This  four- lamp b e a m  produced low 
glare  intensi t ies .  

T h e  stud!. w a s  conducted at night ( b e t w e e n  9:30 p .m.  a n d  3:00 a.m. ' ]  on 
espressiia!,s, t i io- lane rural  roads.  a n d  two-lane city s t ree ts  in the A n n  
Arbor  a r e a ,  

T h e  resul ts  shon,ed  that the H4 high b e a m  el ici ted by  f a r  the highest 
percentages  of responses  from other  dr ivers :  on  the expressways ,  50 p e r  
cen t :  o n  rura l  roads ,  90 pe r  cent:  a n d  on u r b a n  s t ree ts ,  80 p e r  cent .  T h e  
next-most-respondeci-lo heam was  the four-light combinat ion  of the 6014 
a n d  H4 loiv I ~ e a m s  (14 p e r  cent ,  23 p e r  cen t ,  10 p e r  c e n t ) ,  indicat ing that 



requests for dimming a re  at least sometimes elicited b!, the number  of 
lamps lighted. 

This stud! compared glare f rom several headlamp beams as reflected 
b!~ the inside rear\ , iew mirror of a preceding car. Test subjects accom- 
panied h! the experimenter drove the lead car on expressways,  u rban  
roads, and a brightly lighted, hea\rily traveled four-lane u rban  street  while 
a car equipped ~ v i t h  the \rarious headlamp systems followed at a distance 
of three to five car lengths. The outside mirror of the lead car was  turned 
down to make i t  inoperative. 

The  subjects were  asked to compare the mirror-glare from the various 
beams with the mirror-glare from a s tandard pair  of No. 4000 low-beam 
headlamps,  The! used a 9-point scale ranging from -4 (glare the equivalent 
to no lights at al l)  through 0 (glare the same as with the No. 4000 low beam)  
to t4 (glare is extremely discomforting). On  a command from the ex- 
perimenter in the lead car ,  the experimenter in the following car switched 
from the No. 4000 beam to the desired beam for a few seconds,  then 
switched hack to the reference beam,  T h e  test subject then called out his 
judgment, and this was recorded by the experimenter.  

The eight beams were  presented twice to each subject in random order  
while using the day setting on the rearview mirror,  and  once while using 
the night setting. The  test runs  required about three hours with each of 
eight test subjects. All of the lamps were  carefully aimed mechanically 
and checked visually before the tests. 

The  averaged results showed that the type of road had very little effect 
on the ratings. The only beam rated significantly less glaring than the 
reference beam was the H4 low beam,  rated -1.5. The  beams ra ted most 
glaring were  the No. 6014 high beam plus Type IV [+3.7),  the H4 high beam 
(+3 .5) ,  and  the No. 6014 high beam (+2 .6 ) .  

Overall Conclusions 

After assessing the findings of the seven studies,  the researchers con- 
cluded that the test procedures had validly discriminated between 
different types of beams,  and  that the detailed quantitative findings would 
be adequate  for validating the computer simulation model.  The  studies 
had shown that in meeting situations the H4 beams and  KO. 6014 beams ex- 
hibit no marked superiority over each other,  and  the mid beam,  while 
providing better visibility for right-hand targets, ma!, not be a practical 
alternative unless the technology of lamp aiming and aim maintenance is 
considerably improved. The studies had also shown that the closer a target 
is to a glare source,  the more  difficult i t  is to see  with an!, beam s>,stem. 

Validation of the Model 

To put the field test data in a form useful for refinement and  validation 
of the computer simulation program, the researchers used the data to 
produce curLJes representing the averaged target \risibility distances as  a 
function of the man!, variables:  the type of beam,  longitudinal separation 



of the vehicles, median separations, target locations, target reflectances, 
etc. The equations and parameter values in the simulation model were  
then adjusted and refined until a fairly close match was achieved between 
the inputs and outputs of the field tests and those of the computer runs. 
The closeness of the f i t  is illustrated in Figure 1. 

C TARGET ON RIGHT 
500 

1 0 0 ~  I Experiment 1 

DISTANCE (ft.) BETWEEN CARS: BEFORE -MEETING -AFTER 

FIGURE 1. How the computer-simulated results compared with results obtained 
from field experiments in tests of U.S. s tandard  high-beam meetings with a 7-ft. 
lateral  separation between the cars. The  broken l ine  is the computer output;  the 
solid l ine,  the field results. 

Besides plotting visibility distances, the simulation program prints out 
values for the glare intensities to which drivers a re  exposed during the 
vehicle meetings. These values are  important for evaluating various 
headlamp systems, since the overall performance of a beam must be 
assessed not only for the visibility distances i t  provides but the amount of 
glare discomfort it provides for oncoming drivers. 



USE OF THE MODEL IN ASSESSING 
HEADLAMP SYSTEMS 

GIVEN THAT THE SIMULATION model could accurately show the per-  
formance of hundreds  of different headlamp systems, this did not 
automatically dictate how the simulation program should be  used. But, 
since the basic objective in headlighting research is to develop meeting 
beams that will maximize visibility and  at the same time hold discomfort 
glare to a tolerable level, the researchers decided to begin by comparing 
how the U.S. low beam, European low beam,  and  experimental mid beam 
performed when they were  correctly aimed, aimed u p  I" ,  and aimed down 
lo .  

The U.S, low beam employed was the standard No. 4000 lamp,  the Euro- 
pean low beam was the standard ECE HI, and the mid beam was the U.S. 
low beam plus a Tj.pe-I11 lamp mounted inboard on the driver 's  side and  
aimed toward the right side of the lane.  In each simulation the opposed 
vehicles were  represented as being driven in the middle of 12-ft.-wide 
lanes, so that the ~lehicles had a lateral separation of six feet. The  targets 
were  represented as located on both the right and left sides of the lane,  six 
inches above the pavement,  with a reflectance of 1 2  per cent. 

Figure 2 shows the results of simulated performances of the three beams 
when the!, were  in correct (nominal) aim: 
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FIGURE 2. A computer-simulation comparison of the performances  of the U.S. low 
beam ( N o .  40001, the European low beam (HI], and  exper imental  mid b e a m ,  w h e n  
the beams were  in correct [nominal)  a im.  

Note that for targets on the right, the mid beam provided about 25 per  cent 
more visibility than the other beams. For targets on the left, the HI beam 
provided more visibility, beginning at about 900 feet before the meeting 
point. 



Figure 3 compares the performances of the three beams when the 
headlamps ivere aimed 1" u p ~ v a r d  from their correct aim: 
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FIGURE 3. A cumpi~ter-simulation comparison of performances  of the three beams 
when they were  aimed 1" upward.  
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Figure 3 shows that the mid beam still provided the most visibility for 
targets on the right, and the HI  still provided the most for targets on the 
left.  

Figure 4 compares the performances of the three beams when  the 
headlamps were  aimed 1" downward from their correct aim: 
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FIGURE 4.  A computer-simulation comparison of performances  of the three beams 
when the) Lvere a imed 1" downward.  

Note that this reduced the visibility distances provided by all three beams,  
and that the mid beam provided substantially better visibility for the right- 
side targets. It also provided better visibility for the left-side targets, ex- 
cept at a point 200 feet before the meeting, where  its performance was 
equaled by the HI beam.  

As Figure 3 shows, the visibility distances achieved by aiming the 
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head lamps  1" u p ~ v a r d  might suggest that the s t anda rd  U.S. a n d  European  
head lamps  a r e  now a imed too l o ~ v  However ,  aiming the l amps  1" u p w a r d  
g r e a t l ~ .  increases  the discomfort g lare  they provide for  oncoming drivers .  
T h e  simulat ions showed that the glare e f f ec t s  w e r e  almost four  t imes a s  
great for the U.S. low beam and  the mid b e a m ,  a n d  almost six t imes a s  
great for  the European low beam Thus  i t  ~ v o u l d  b e  impract ical  to a im the 
beams  1" u p w a r d ,  not only because  of the greatly increased  direct  g lare  
but the increased  glare preceding  dr ivers  would  rece ive  from their r ea r -  
v iew mir rors .  This  indirect  glare can now easily exceed  direct  g lare ,  



CONCLUSIONS 
THE FOIJR YEARS of HSRI research on headlighting produced severa l  
resul ts .  T h e  single most important  one  was  a product :  the computer  
simulation technique  for e i~a lua t ing  the nighttime pe r fo rmance  of any  pre-  
sent  heat l lamp sj 's tem or any  s>.stems likely to b e  proposed .  W h e n  this 
computer  simulation technique was  used to eva lua te  the per formances  of 
the IJ.S, loiz b e a m ,  European low b e a m ,  a n d  exper imenta l  mid  b e a m ,  i t  
quickl! anti economically s h o ~ v e d  the r e sea rche r s  the advantages  and  dis- 
advantages of those beams  w h e n  they a r e  correct ly a imed  a n d  w h e n  they 
a r e  misa imed upward  or  downward .  Those  f indings,  cons idered  along 
ivith the findings from the studies of misa imed head lamps ,  led  the 
researchers  to conclude that higher-intensity l amps  or  different  beam 
patterns will not make  night driving more  safe  or  comfortable unless the 
technolog!. of l amp  aiming and re-aiming is first great ly improved.  

T h e  studies of the three-beam system showed  that u se  of the mid b e a m  
as  a  meeting beam offers  some rea l  advantages  over  the  U.S, and  Euro- 
pean  low beams .  But, when  the mid  b e a m  is misa imed u p w a r d ,  it 
p roduces  too much mirror-glare for dr ivers  in preceding  vehicles .  T h e  mid 
beam would  h e  impractical to adopt  until p resent  aiming and  mir ror  
problems a r e  el iminated or r educed .  

LYhen Dr .  b lor t imer  w a s  asked if present  h e a d l a m p  systems a r e  safe-if, 
f o r  instance,  they permit  a driver  traveling 55 m.p .h ,  at night to s e e  a n d  
avoid hitting a cow standing in the middle  of the road-he r e sponded  by 
s a l i n g  "Horn1 straight is the road and  wha t  color is the cow?" His  response 
pointer1 out  the larger  quest ion sur rounding  headlighting research:  Given 
ou r  p r e s e n t  road  geomet r i e s ,  veh ic l e  b r a k i n g  a n d  m a n e u v e r i n g  
capabil i t ies ,  and  var ied  traffic condit ions,  wha t  can  b e  d o n e  to make  night 
tiriving s a f e r  for  everyone?  Dr.  Mor t imer  suggests that all  of the following 
a r e  re levant :  

I m p r o ~ . e m e n t  in the design of head lamp  fixtures,  be t te r  instructions 
on the ca re  and  use of aiming devices,  a n d  be t te r  training of service 
mechanics .  

Espanded  use of load-leveling suspens ion  systems,  development  of 
cia!./night outside rearv iew mirrors ,  a n d  a change  in the ref lectance 
power  of the "night" sur face  in  the inside r ea rv i ew mir ror ,  f rom its 
present  4 per  cent to about  20 pe r  cent  (so that more  dr ivers  would  use 
i t ) .  

Expantled use of reflective whi te  s tr iping along the right edge of the 
road p ;~ \ . emen t ,  and  expanded use  of anti-glare s c reens  along the 
med ians  of insuff~cientl!  s epa ra t ed  d iv ided  highwa1.s. 

Irnpro\ 'ement in the reflectors and  rear-lighting systems on bicycles 
and  motorc!cles, :inti expanded  use of high-reflectance clothing by 
~ ~ e c l e s t r i a n s  anrl hic! clists. 

Better instrliction of d r i \ ~ e r s  on the safe  uses of present  h e a d l a m p  
l ~ e a m s .  

E\ er! o n e ,  SCI! s Dr h lor t imer ,  m~ould welcome a s imple ,  quick,  inexpen-  
si\re, r n n g ~ c ~ l l  s o l u t ~ o n  to night-driving problems,  but  t he re  isn ' t  any .  
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