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SUMMARY OF FIIDINGS AdD CCHCLUSIOWS

1. Motorcycle headlamps supplied as original equipment
on motorcycles sold in the U.S. vary widely in diameter,
filament contact wiring technique and mounting method. This
lack of physical standardization limits the sources of replace-
ment headlamps and may be an impediment to the replacement of
burned out headlamps. Institution of a dimensional specifica=-
tion standard (similar to SAE J571c) would increase the general
availability of motorcycle headlamps and would aid motorcyclists

who may wish to upgrade their headlighting systems.

2. The headlamp aim of 90 in-service motorcycles was
found to vary greatly, and to a much greater extent than the
headlamp aim found in a population of in-service automobiles.
Passenger loading was found to significantly change vertical
headlamp aim on a majority of these motorcycles. For the
benefits of any motorcycle headlamps to be fully realized,
some means (mechanical or optical) must be provided to improve

the aimability of headlamps.

3. Photometrically sufficient motorcycle headlamps must
be operated at design voltage to provide full effectiveness.
Institution of a standard requiring reliable maintenance of

electrical system design voltage is desirable.

4. Minimum photometric specifications for low beam motor-
cycle headlamps based on the findings of a number of objective
and subjective studies are presented. These specifications
differ from those required in SAE J584 in that minimum intensi-
ties are increased, and additional minimum test points have been
added to reflect the need of motorcyclists for nighttime
illumination of a large and diverse area on and about the road
surface. Separate recommendations are made for large displace-
ment motorcycles, small displacement motorcycles, and mopeds,

acknowledging their disparate maximum speed capabilities.

13



5. Additional research is recommended to determine
maximum acceptable glare levels which could be produced by
motorcycles headlamps as indicated by subjective reports of
automobile drivers and objective measures of automobile
drivers' nighttime visibility when opposed by motorcycle head-
lamps producing differing amounts of glare. This research
would be valuable both for validating recommended maximum
allowable motorcycle low beam headlamp intensities and for deter-
mining the effects of vertical misaim of motorcycle headlamps of

different maximum intensities.

14



ITRODUCTION

Research concerning the development of headlighting
systems for motor vehicles has received considerable attention
in the past forty years. A great deal of this research is
reviewed by Mortimer and Olson (1974)., However, very little
research effort during this time has been expended on the
development and evaluation of headlighting systems for single-
track vehicles such as motorcycles. Providing effective head-
lighting for these vehicles is made difficult by such problems
as (1) limited information concerning the specific areas on
the road ahead of the vehicle which are of most importance to
the driver and should be illuminated adequately, (2) difficulty
in achieving and/or maintaining accurate headlamp aim, (3)
the effect of vehicle and thus headlamp roll in turns and on
curved roads, and (4) a limited capacity for producing power

to operate headlamps and other electrical systems.

Previous motorcycle headlighting research sponsored by
DOT has been directed toward the development of optimum head-
lighting systems for an experimental safety motorcycle, and is
reported in Bartol, Livers and Hirsch (1973) and Bartol,
Livers and Miennert (1975). The Bartol et al. (1973) study
relied on the subjective ratings cf an expert panel of nine
engineers to make static relative performance comparisons
within a group of 14 conventional and experimental headlight-
ing systems. Conclusions of this study were that lamp effec-
tiveness is not directly correlated with (1) maximum candle-
power, (2) lamp voltage requirements or (3) lamp trade number
designations. The authors recommended that further research
be conducted to quantify the characteristics of "a good motor-
cycle lighting pattern." It was noted that several two-lamp
experimental systems which were evaluated provided a signifi-
cant subjective improvement over conventional systems in terms

of light output. Two-lamp systems also have the benefit of

15



providing lamp redundancy in case of a filament outage.

Bartol et al. (1975) provided further examination of
motorcycle headlighting through evaluations of the beam
patterns, target detection distances, glare production and
durability of seven headlighting configurations. The beam
pattern analysis reported was purely subjective and was con-
ducted by inspection of isocandela diagrams and photographs
of beam patterns on an aiming board. Target detection dis-
tances were empirically determined in dynamic field tests
conducted on a straight road with the participation of five
subjects. No statistical analysis was performed on the
detection distance data, which are reported as mean detection
distances. These means are compared in terms of maximum safe
speeds according to required stopping distances calculated
in accordance with braking-reaction time data from the American
Association of State Highway Officials. Although none of the
motorcycle lighting systems was found to provide visibility
distances equivalent to those provided by automobile systems,
six of the seven configurations examined were felt to be
acceptable for low beam operation with no opposing traffic at

speeds of up to 60 mph.

Photometric analysis of the glare produced by the headlamp
tested indicated that veiling brightnesses were in each case
lower than those produced by correctly aimed automobile head-

lighting systems.

Results of the headlamp durability tests were considered

inconclusive and further research in this area was recommended.

One of the major outputs of this study is a pair of
diagrams depicting "optimum" high and low beam headlamp inten-
sity patterns for motorcycle applications. These diagrams
were ostensibly generated through the consideration of a number

of subjective conclusions regarding motorcyclists' visual

16



requirements. It is not stated how the specific intensity
values were derived, although it is reported that a two-lamp
system which was favorably evaluated provided values approach-

ing those recommended.

While this past research is valuable for its examination
of and recommendations toward optimization of headlighting
systems for large high speed motorcycles, it has not addressed
the headlighting requirements of smaller, lower speed motor-
cycles, nor has it provided detailed information concerning
the effectiveness in providing illumination of the many diverse
headlamps currently supplied on production motorcycles.
Additionally, it has not addressed the problem of headlamp aim
which, as noted by Olson and Mortimer (1973), is a major impedi-
ment to the improvement of vehicular headlighting. 1In fact,
no previous research has examined the variability of headlamp
aim in the motorcycle population. Some knowledge of the degree
of this variability would allow inferences to be made concern-
ing the utility of currently available headlighting systems and
the benefits to be derived from improved headlighting systems.
Finally, additional research concerning the design optimization
of motorcycle headlighting systems is desirable to corroborate
the research efforts conducted to date. Of specific interest
is the development of an optimum relationship between high and
low beam intensity patterns. Bartol et al. (1975) state, for
instance, without detailed explanation, that high and low beam
hotspots should be separated 1° vertically and 2° horizontally.
Some additional guantitative data are desirable to substantiate

this conclusion.
OBJECTIVES

The object of this project has been to: (1) gquantify the
current state-of-the-art of motorcycle headlighting; (2) iden-
tify more fully the visibility requirements of motorcycle

operators; (3) make relative comparisons of a number of quali-
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tatively different motorcycle headlamp beams; and (4) make
recommendations concerning improved photometric standards for
three classes of motorcycles representing three maximum speed
categories. Toward these goals, a number of tasks were

completed.

I. Survey of the State-of-the-Art of Motorcycle Head-

lighting.

A, Motorcycle headlamp useage survey. A large sample

of representative motorcycle headlamps was solicited from
motorcycle and headlamp manufacturers for inventory and com-
parison of specific features. Photometric data for a sub-
sample of the above headlamps were acquired for use with two
identification~-visibility distance computer simulation pro-
grams developed at HSRI for making relative comparisons of the

visibility afforded by automotive headlighting systems.

B. In-service motorcycle headlamp aim survey. The head-

lamp aim of 90 motorcycles in the Ann Arbor, Michigan area was
measured to determine: (a) the extent to which recommended aim
is maintained; (b) whether motorcyclists specifically aim their
headlamps out of recommended specifications to improve visibility
in areas they consider important; and (c) the effect of passenger

loading on vertical aim.

C. Survey of motorcycle manufacturers headlamp design and

selection procedures. A direct mail survey of motorcycle manu-

facturers was conducted to determine the procedures used by
manufacturers to design or select headlamps for use on produc-

tion motorcycles.

II. Studies Conducted to Identify the Visibility Reguire-

ments of Motorcycle Operators.

A. Eye fixation experiment. The daytime fixations of

two motorcyclists were collected when operating both a motor-
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cycle and an automobile, to provide a better understanding of
the areas in the visual field from which motorcyclists gather

information when performing the driving task.

B. Subjective evaluation of low beam patterns. Three

experienced motorcyclists evaluated 19 motorcycle headlighting
systems. Their subjective impressions of desirable and undesir-
able features of each system were recorded and evaluated in
terms of the photometric characteristics of the lamps. Results
of this study also enabled selection of headlamps for use in the
identification distance-object avoidance experiment described

later.

C. In-service aim survey questionnaire. The 90 motor-

cyclists participating in the in-service aim survey were each

asked to rate the most important objects or areas in the visual
field to be able to see when driving at night. These data were
compared with results of the eye fixation and subjective evalu-

ation studies,

D. Operator-generated aim experiment. Twenty experienced

motorcyclists drove a motorcycle equipped with a headlamp which
was aimable by means of controls mounted on the handlebars.
These subjects were instructed to "optimally" aim a low beam
headlamp at 30 mph and 50 mph during short drives on roads with
no overhead illumination. Resultant headlamp aim was found to
differ markedly from design aim in both horizontal and vertical

axes.

III. Studies Conducted to Provide Relative Comparisons of

the Efficiency of Headlamps in Target Detection and Identifi-

cation Tasks,

A. Computer simulations of identification distances. Two

computer programs were used to predict identification distances
based on lamp photometric data and the experimental procedure

used in the target identification distance experiment described
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later.

B. Target identification distance experiment. The

identification distances afforded by two high-beam headlamps,

six low beam headlamps, and two moped headlamps were evaluated

on 917' radius left and right curves and on straight roads by

10 subjects both with and without opposing glare from automobile
headlamps. The lamps were tested on a moped and 60 cc and 350 cc

motorcycles.

C. Object avoidance experiment. During the target identi-

fication distance experiment, subjects were required to maneuver
the motorcycle as smoothly as possible around road surface targets
which resembled potholes and which were placed at several locations
on the test course. The maximum roll angle and roll rate generated
during these maneuvers was recorded and comparisons of these mea-
sures were made between headlamps for each of the three motorcycles

used,

IV. Integration of Research Findings and Synthesis of Photo-

metric Standards for Low Beam Motorcycle Headlamps. The findings

of the objective and subjective studies were integrated and used

in conjunction with available photometric data to devise photo-
metric standards for low beam headlamps for three classes of motor-
cycles, categorized by engine displacement and reflecting differences
in maximum speed capabilities. Additional recommendations are made
concerning lamp dimensional specifications, maintenance or electrical

system design voltage, and improvement of headlamp aimability.
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SURVEY OF THE STATE-OF-THE-ART OF MOTORCYCLE HEADLIGHTING

MOTORCYCLE HEADLAMP USEAGLE SURVEY

OBJECTIVE

To obtain samples of a wide range of currently produced
motorcycle headlamps in order to quantify current motorcycle

headlighting practices.

METHOD

A preliminary survey conducted at motorcycle dealerships
in Southeastern Michigan indicated that little or no standard-
ization of motorcycle headlamp configurations exist, either
between or within manufacturers. It was not possible to
inventory production motorcycle headlamps by examining either
motorcycles on display or parts catalogues because of this lack
of standardization. Assistance in this effort was given by
members of the SAE Motorcycle Committee who were conducting a
similar survey for their own purposes, and had compiled a
substantial list of currently available motorcycle headlamps
referenced by motorcycle manufacturer and motorcycle engine
displacement., On this basis, representatives of several motor-
cycle manufacturers and headlamp manufacturers were contacted
and asked to provide samples of headlamps and associated
photometric data for evaluation. Samples were thus obtained

from:

Stanley Electric Co., LTD.

Yamaha International Corp. (Koito Headlamps)
Wagner Electric

Harley Davidson Motor Co. (CEV Headlamps)
Joseph Lucas North America, Inc.

General Electric Co.

Guide Lamp
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Several lamp samples were also donated by the Electrical
Systems Subcommittee of the SAE Motorcycle Committee's Headlight
Task Force. These included products of the following manufac-

turers:

Guide Lamp

Lucas

Westinghouse

Traizet Luxor (Motobecane)

Peugeot

Cibie

Soubitex

In all, 31 motorcycle lamps, 1l moped lamps, and six
experimental/special purpose/automotive lamps were obtained.
These lamps are listed by trade number (or other number)
designation and manufacturer in Appendix A. Represented among
the group of 31 motorcycle lamps alone are seven different lamp
diameters or shapes, six filament contact wiring configurations,
three basic low beam pattern shapes, and a wide range of power

requirements.,

An illustration of the lack of standardization is provided
by the case of one headlamp manufacturer who submitted 14 sam-
ples representing lamps supplied to three motorcycle manufac-
turers. Among this group alone were found six different lamp
diameters and five different filament contact wiring techniques.
Except for one pair of lamps, none are interchangeable because
of differences in diameter, wiring technique, and/or mounting

hardware configuration.

Many motorcycle owners must thus be restricted to obtain-
ing replacement headlamps exclusively from motorcycle dealers
or more specifically, from dealers of the make of motorcycle
they own. (Some large displacement motorcycles, i.e. 450 cc's

and greater, are designed to accept 7" headlamps, and in these
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cases, automobile headlamps can be installed, if desired or
necessary, without extensive modification.) This lack of
standardization contrasts sharply with the standardization
afforded the automobile owner who may purchase replacement
headlamps from a wide variety of sources, including many that
may conduct business outside of normal business hours., Auto-
mobile owners also have the option of installing high intensity
or other special headlighting systems sold on the automotive
aftermarket. The standardization of automobile headlamps has
also contributed to a considerably lower unit price than that

typically charged for most motorcycle headlamps.

The lack of standardization in physical design of motor-
cycle headlamps was also found to extend to the beams produced
by the lamps. Basically, motorcycle headlamps are designed to
produce one of three general low beam patterns. Most U.S.
manufactured motorcycle headlamps and some Japanese headlamps
produce asymmetric low beams, i.e., the low beam hotspot falls
below that of the laterally centered high beam, and is offset
2° to 4° to the right, similar to the pattern produced by a U.S.
automotive low beam headlamp (Figure 1, top). Many of the
motorcycle headlamps manufactured in Japan produce symmetric
low beams, i.e., the low beam hotspot falls below the high beam,
but is not offset laterally (Figure 1, center). This has the
effect of directing most of the illumination towards the center
of the lane rather than towards the right edge of the lane. The
third general type of low beam pattern is typical of European
design and manufacture and is characterized by a very sharp
reduction in intensity above the horizontal axis of the lamp
(Figure 1, bottom). This pattern resembles the European style
automotive low beam and will be referred to in this report as
a sharp cutoff pattern. The low beam hotspot in this design
is typically located asymmetrically, as above, in relation to
the high beam hotspot.
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Asymmetric

Symmetric

Sharp Cutoff

Figure 1. Typical asymmetric, symmetric, and sharp cutoff
beam patterns,
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Within the three general groupings of lamps by low beam
pattern, further differences were found to exist in the exact
separation of high and low beam hotspots and in the power

requirements of high and low beams (Table 1).

The 11 moped lamps acquired are all single beam lamps,
and vary in required power from 6w to 25w (Appendix A)., All
are apparently intended to be aimed symmetrically with respect

to the vertical axis of the lamp.

SUMMARY

The currently existing variability in design is ostensibly
attributable to the fact that there are no existing industry or
governmental standards regulating the physical design of motor-
cycle headlamps, and that the current low beam photometric
standard (SAE J584) specified in Federal Motor Vehicle Safety
Standard 108 requires conformance with a small number of minimum
value photometric test points. It would undoubtedly be benefi-
cial to the motorcycle driver if photometric motorcycle head-
lamp standards were accompanied by dimensional specification
standards which might increase the availability of motorcycle
headlamps and possibly encourage motorcyclists to replace head-

lamps with beam outages.
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Table 1.

Spatial relationship of high and low beams of

representative asymmetric, symmetric, and sharp
cutoff lamps, and power requirements of high and
low beams.

Manufacturer Low Beam Hotspot High Beam/
Headlamp Type and Number Location Low Beam Power
Symmetric Stanley 1201 6°D, 0° 50w/40w
Stanley 0730 3.4°D, 0° 35w/25w
Stanley 24M-S 3.9°D, 0° 50w/35w
Stanley 0740 4,5°D, 0° 35w/35w
Stanley 16M-S 3.1°D, 0° 35w/25w
Koito 31877 2.5°D, 0° 15w/15w
Asymmetric Koito 4438 3.5°D, 2.8°R 50w/40w
Guide 4458 2.5°D, 2.5°R 60w/50w
GE 4020 2.5°D, 2.,5°R 30w/30w
Guide 4431 2.5°D, 2.5°R 50w/40w
Westinghouse 2.0°D, 2.5°R 80w/60w
W4 (exp.)
Sharp Cutoff CEV-158 5.0°D, 0° 35w/35w
Lucas MIP-69 4,0°D, 3°R 45w/4 0w
Hella H4 (auto.}1l.5°D, 3.5°R 60w/55w
Cibie 6670062 1.0°D, 2.0°R
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IN-SERVICE MOTORCYCLE HEADLAMP AIM SURVEY

OBJECTIVES

To provide an estimate of the range of headlamp aim found
in motorcycles in daily operation and to determine if there is
any consistent bias in the manner in which motorcyclists aim
their headlamps. The effect of the weight of a passenger on
headlamp aim was alsoc measured. An interview administered
during the study enabled quantification of day-night driving
exposure rates, annual driving mileage, operator ages and years
of driving experience, and opinions of operators concerning the
utility of their headlamp, safe speeds for operation at night,
and physical areas in the driving environment of importance
for illumination by headlamps. Motorcyclists were also asked
if they had aimed their headlamps and if so, what adjustments
they had made.

METHOD

TECHNICAL CONSIDERATIONS IN THE MEASUREMENT OF MOTORCYCLE
HEADLAMP AIM. Motorcycle headlamp aim is functionally refer-
enced to the direction of travel of the motorcycle (as deter-
mined by the longitudinal or tracking axis of the front wheel)
and to the height of the headlamp (as determined by the physical
location of the headlamp on the motorcycle and the compression
of the front and rear suspensions). The H-V axis is thus
defined by the intersection of a plane parallel to the road
and coincident with the height of the headlamp and a plane
perpendicular to the road and coincident with the longitudinal

axis of the front wheel at the road surface.

The apparatus described below enables the location of the

H-V axis to be determined for a wide range of motorcycle

configurations.
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APPARATUS. An aiming jig constructed of steel and plywood
was fastened to the floor of a flat (slope < .,25" in 25')
garage area in the HSRI building, This jig enabled rough
alignment of the front and rear wheels of a motorcycle with
a line perpendicular to and in the center of an aiming board
fixed 12 ft. from a reference mark on the jig. The aiming
board was marked with a grid of 2° squares (Figure 2). Pre-
cise horizontal alignment of the front wheel of the motorcycle
was achieved by attaching a headlamp spot aiming device (which
produced a collimated beam of light parallel to its longitu-
dinal axis) in a steel channel and attaching it to the front
wheel of the motorcycle with rubber shock cords (Figure 3).
The horizontal distance from the longitudinal centerline of the
front wheel to the center of the spot aiming device was measured,
and a reference mark placed on the aiming board at the measured
distance from the V line. The driver was instructed to keep the
light spot produced by the spot aimer precisely on this mark
at all times. A measurement was then made of the headlamp
center height and a second reference mark placed on the V line
of the aiming board at the appropriate height. Underexposed
Polaroid photographs were then taken of the low beam and high
beam with driver only, and the high beam with a 180 lb. passen-
ger sitting behind the driver. Underexposure of the film
allowed easier determination of the beam hotspot. The driver
was instructed to keep his weight on the motorcycle in a manner
similar to driving while the photographs were being taken. Aim
measurements were then made by locating in the photograph the
beam hotspot on the aiming board with reference to the V line

and the headlamp height reference mark.

Identified sources of measurement error associated with
tha apparatus and procedure are listed in Table 2. From this
table it can be seen that consistent measurement bias could be

produced only by incorrect calibration of the spot aiming
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Figure 2., The in-service aim study aiming
board and motorcycle alignment jig,

Figure 3. The spot aiming device in positiouwn
on the front wheel.
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device and/or incorrect determination of the slope of the floor.
Since considerable effort was expended in making this calibra-
tion and measurement, consistant measurement error is estimated
to be on the order of *# 1/8° both horizontally and vertically.
Random sources of error are estimated to sum to introduce
possible worst case total errors of #.85° horizontally and * .5°
vertically. A potential source of error which is difficult to
measure and account for and which has not been included in the
above analysis is vertical error introduced by suspension
compression. Since suspension compression in the dynamic case
is a function of motorcycle loading and acceleration and because
all motorcycles were subject to the same procedure in this static

study, this factor has been disregarded.

SUBJECTS. Initially, subjects were procured by sending
HSRI personnel out at night to locate motorcyclisté and try to
interest them in the program. Flyers describing the program
were also left on motorcycles parked in non-residential areas
at night. Unfortunately, this procedure generated less than 20
subjects and it soon became apparent that motorcyclists would
have to be approached during daylight hours. Flyers were then
also distributed at motorcycle dealerships and service garages.
A number of subjects were informed of the survey by friends who
had participated. 1In all, 90 subjects participated. A summary
of their characteristics in given in Table 3. 1In brief, the
mean subject age was 26 years (S.D. = 8.3), the mean number of
years driving experience was 7.25 (S.D. = 7.26), the mean
yvearly mileage driven was 5700 (S.D. = 3266), and the mean
percentage of yearly mileage driven at night was 21% (S.D. =
13.7). Four of the subjects were female. Subjects were paid

$5.00 for participating in the survey.

DESIGN. This study enabled determination of the range of
headlamp aim of high and low beams, with and without passenger,

for motorcycles ostensibly representative of those operated in
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Table 3. Characteristics of the subjects participating
in the in-service aim study.

Measurement N X S.D. Min, Max,
Age 90 26,3 8.3 16 65
Years experience 90 7.3 7.3 1 45
Yearly mileage 90 5703.0 3266 500 17000
% mileage driven 90 21.4 13.7 1 50
at night
% mileage driven 90 19.3 21.6 0 99
with passenger
Number of motorcycles 90 3.8 4.8 1 30
owned in life
Number of accidents 90 1.0 1.4 0 7

involved in

the Ann Arbor, Michigan area. Additional data were acquired
concerning the motorcycle operator's age, number of years of
driving experience, estimated annual motorcycle driving mileage,
night driving frequency, passenger carrying frequency, attempts
to aim motorcycle headlamps, and whether or not the headlamp

is operated during the day. Motorcyclists' opinions were also
solicited concerning the effectiveness of the headlamp in use,
maximum safe driving speeds in daylight and when operating at
night with high and low beams, and areas of visibility of impor-
tance in night driving. The make, displacement, model, year,
and indicated mileage of the motorcycle, and the make, model,

and replacement history of the headlamp were also recorded.

PROCEDURE. Although an attempt was made to schedule
subject's appearances for participation in the survey, a large
number simply appeared on the premises and were tested as time

permitted.
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When subjects arrived at HSRI, they were instructed to
drive their motorcycles into the aiming jig and remain on the
motorcycle throughout the procedure., While the spot aiming
equipment was being attached to the front wheel, the interview
was administered. Upon completion of the interview, photographs
were taken of high, low, and any auxilliary beams. An additional
photograph was taken of the high beam with a 180 lb. experimenter
sitting in the passenger's position behind the driver. Subjects
were instructed to try to keep their weight on the motorcycle
as though it was being driven. When the photography was com=-
pleted, the subjects were paid and sent on their way. A number
of more experienced and knowledgeable subjects were recruited
for the operator generated aim study (described later) at this

time.

None of the subjects seemed intimidated by the procedure

and all appeared very candid in their responses,

IN-SERVICE MOTORCYCLE HEADLAMP AIM. Of the 90 motorcycles
examined, 79 were found to have functioning low beams, 83 had
functioning high beams and 72 had functioning high and low beams,
One motorcycle had no functioning beams and one was equipped with
a single beam lamp. In other words, 11 (12%) motorcycles were
operating with a low beam outage and six (7%) were operating with
a high beam outage, for a total of 16 motorcycles (18%) with at
least one outage. This outage rate is more than twice as great
as the outage rate of 8% found in random passenger car and motor-
cycle inspections conducted by the Michigan State Police in 1974
(Michigan State Police, 1975). The effect of a 180 1lb. passen-
ger's weight on lamp aim was determined for 76 motorcycles which
had at least one functioning beam and were equipped or used for

carrying passengers.

Scatter plots of the measured aim in degrees of high and low

beams are presented in Figures 4 and 5, respectively. These
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figures also indicate mean horizontal and vertical aim and

the 99% confidence intervals associated with these means.

Visual inspection of Figure 4 indicates no consistent
aim bias, as the mean high beam aim (.1° left (L), .7° down
(D)) is quite close to the SAE recommended standard of 0°
horizontal, .4°D vertical aim. The dispersion of aim about
this point, however, is substantial, with the standard deviation
(SD) of vertical aim (SD = 1.9°) slightly greater than that of
horizontal aim (SD = 1.6°).

The scatter plot of low beam aim (Figure 5) again shows
considerable horizontal (X = 1.3°R, SD = 2.0°) and vertical
(X = 2.7°D, SD = 2,5°) dispersion. However much of this vari-
ation is attributable to rather large variations in the design
characteristics of the lamps. Figure 6 shows the variation in
low beam aim attributable to design and production differences.
In this figure, high beam aim has been referenced to the SAE
norm of .4°D, 0° horizontal by subtracting from the respective
low beam aims, the difference between measured high beam aim and
the SAE standard; i.e., this figure shows how the low beams would
have been aimed had the high beams all been set to SAE specifi-
cations. It can be seen from this figure that high and low beam

hotspots vary =-.5° to 4° horizontally and 0° to 4.75° vertically.

To further examine possible systematic aim bias, the aim
data were grouped on the basis of low beam symmetry. Twenty-
six lamps were classified as symmetric (high beam horizontal
aim (HH) - low beam horizontal aim (LH) = £,5°) and 32 lamps
were classified as asymmetric (HH - LH = 1.5° to 3.0°). The
remaining 15 dual beam lamps were omitted., Figures 7 and 8
respectively illustrate scatter plots of the high and low beam
aim of the 26 symmetric lamps. The mean symmetric high beam
aim was found to be .5°L (SD = 1.34°), .5°D (SD = 1.98°) and
mean low beam aim was found to be .4°L (SD = 1.43°), 3.4°D
(SD = 2,1°).
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Scatter plots of the high and low beam aim of the 32
asymmetric lamps are shown in Figures 9 and 10, respectively,
Mean high beam aim of these lamps was found to be .5°R (SD =
5.3°), .9°D (SD = 1.33°), and mean low beam aim was found to be
2.8°R (SD = 1.55°), 2.8°D (Sh = 1.78°).

There is thus no indication that motorcyclists on the
whole intentionally misaim their headlamps to either direct
their symmetric beams to the right or their asymmetric beams to
the left.

The effect of the weight of a 180 1lb. passenger on the
vertical aim of 76 beams is shown in a histogram in Figure 11.
Increases varied from 0° to 1.5° with a mean of ,8° (SD = 33°).

In over half (56%) of the cases, aim was raised by at least 1°.

CHARACTERISTICS OF THE MOTORCYCLES AND HEADLAMPS SAMPLED.
Figures 1lb-5b in Appendix B depict histograms and bar graphs
showing distributions of motorcycle manufacturer (Figure 1b),
model year (Figure 2b), total odometer mileage (3b), engine

displacement (Figure 4b), and headlamp manufacturer (Figure 5b).

Japanese motorcycles accounted for 82% of those surveyed
with Honda (37%), Yamaha (20%), Kawasaki (12%), and Suzuki
(11%) representing 80% of the total. A relatively large
number of BMW motorcycles (9%) were included in the survey.
At least 10 headlamp manufacturers were represented with
Japanese manufacturers (Koito = 40%, Stanley = 30%) accounting
for 70% of the total. No other manufacturer accounted for as
much as 10%. Non-OEM replacement headlamps (11% of the total)
included in U.S. automobile headlamps (6%), quartz-halogen lamps
(3%), one non-halogen European type lamp (1%) and one U.S.

manufactured motorcycle headlamp (1%).

A majority of the motorcycles surveyed (85%) had engine
displacements of 200 cc's or greater and were manufactured in

1970 or later model years (87%). The mean indicated odometer
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mileage was 8783 miles (SD = 9421).

PERCEIVED EFFECTIVENESS OF MOTORCYCLE HEADLAMPS. Each
subject participating in the survey was asked if the headlamp
in use was effective at night, or if it had deficiencies in
terms of either beam pattern or intensity., A majority (60%)
of the subjects felt that their headlamp was effective for
their purposes. The remaining 40% were mainly concerned with
inadequate intensity but mentioned intensity in conjunction
with poor beam shape (usually too narrow) in 19% of the cases.
Several subjects reported that the relationship between high
and low beams was bad because the vertical separation was too

great.

In Table 4 the lamps rated not effective for any and all
reasons are listed by the displacement of the motorcycle on

which they were found. Comparisons made among these data are

Table 4. Frequency of headlamps rated "not effective" by
motorcycle engine displacement.

Displacement N Number Rated % Rated
Category "Not Effective" "Not Effective
< 100cc 3 3 100%
100 - 199cc 10 5 50
200 - 299 8 3 38
300 - 399 17 5 29
400 - 499 7 4 57
500 - 599 11 4 36
600 - 699 9 6 67
700 - 799 16 5 31
> 800cc 9 1 11
z 90 36 40%
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tenuous because of the low frequencies per group and the lack

of knowledge of several pertinent factors such as the actual
operating voltage of the headlamp, but it can be readily seen
that no overall trend is evident except possibly that headlamps
associated with smaller displacement motorcycles (<200 cc's) are
more frequently rated "not effective" than are the headlamps

associated with the larger displacement motorcycles.

Another subjective measure of headlamp effectiveness is
illustrated by Figure 12 which shows cumulative percentage
distributions of estimated "maximum safe speeds" for daylight
driving and nighttime driving on low and high beams, under
good road and traffic conditions. The 50th percentile maximum
safe speeds for low beam, high beam, and daylight driving are
52, 61, and 74 mph, respectively. From these data it can be
inferred that the current speed limit of 55 mph is regarded a
safe maximum by 90% of the subjects for daylight driving,

70% for nighttime driving on high beam, and only 40% for

nighttime driving on low beam.

AIM MAINTENANCE AND DRIVING BEHAVIOR. Subjects were also
asked 1f they had ever aimed their headlamp to achieve or
maintain better nighttime visibility. A large percentage (77%)
replied affirmatively and a number of these subjects reported
that they vertically aim their headlamp quite frequently,
depending on the type of road, passenger loading, and amount
of fixed illumination present. Several subjects reported that
they leave the headlamp bucket mounting bolts somewhat loose

to make vertical aim easier to adjust.

Since motorcycles can be driven within a wide range of
lateral positions within a traffic lane and since the lateral
position assumed has a direct relationship to the illumination
provided by the headlamp on the road, subjects were also asked
what lane position they characteristically assume or prefer.

Positions to the left of the lane center, in the center, and
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to the right of center were the preferred choices of 62%,

25%, and 13% of the subjects, respectively. Ten percent,

38% and 34% of the subjects reported that they never assume
positions to the left, center and right of the lane, respectively.
Figure 13 illustrates perspective views of a straight two lane,
24' wide road from these three vantage points from a typical
motorcycle headlamp height of 34", It is quite evident that

a given headlamp in a fixed position will provide different
amounts of illumination on specific areas of the road surface
depending on the position assumed in the lane. This fact may
have meaningful implications for the development of an improved

headlamp beam pattern,

Other driving habits of the 90 subjects are shown as
cumulative percentage distributions in Figures 6b (estimated
vearly motorcycle driving mileage), 7b (percentage of yearly
mileage driven with passenger), and 8b (percentage of yearly
mileage driven at night) in Appendix B, The 50th percentiles
of these distributions show the average yearly mileage to be
5700 miles, 21% of which on average was driven at night and
14% of which on average was driven with a passenger., The
actual percentage of mileage driven with the headlamp in
operation, however, is undoubtedly greater than the average of
21% driven at night, as 69% of the subjects reported continuous

daytime use of the headlamp to increase conspicuity.

SUMMARY AND CONCLUSIONS

The headlamp aim of the 90 in-service motorcycles examined
in this study was found to be highly variable, both because of
physical misaim and because of variation in the design and
apparently production of the headlamps represented. The stan-
dard deviation of high beam headlamp aim is nearly twice that
found in a population of automobiles (Table 5), even though
77% of the participating motorcyclists reported that they had

aimed their lamps to improve or maintain nighttime visibility.
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Figure 13. Perspective illustrations of a straight, two-lane,
24 ft. wide road from a height of 34 in., from pos-
itions: (1) to the right of center, (2) in the cen-
ter, and (3) to the left of center of the right hand
traffic lane.

48



Table 5. Comparison of standard deviations (in degrees)
of headlamp aim of automobiles' and motorcycles
in service.

AUTOMOBILES MOTORCYCLES
(5-3/4" Lamps) (7" Lamps) (All Lamps)
Vertical Aim .80° .69° 1.9°
Horizontal Aim .86° .99° 1.6°
N 33 82

'Automobile headlamp aim data from Olson and Mortimer (1973).

There was no indication of consistent bias in the aim
data which suggested that either symmetric or asymmetric beam
relationships were favored or disfavored, as the mean high
beam aim of 32 asymmetrically patterned lamps (which bias low
beam illumination toward the right) was directed slightly
toward the right, and mean high beam of 26 symmetrically pat-
terned lamps (which project low beam illumination straight
ahead) was directed slightly toward the left.

Passenger loading was found to raise vertical headlamp
aim an average of .8° and as much as 1,5°, Although the
loading weight used in this study (180 1lbs.) probably repre-
sents the upper end of the passenger weight distribution,
uncorrected vertical misaim due to passenger loading could
significantly alter the driver's nighttime visibility distance
and could potentially impair the visibility of oncoming drivers.

because of increased glare.

A large percentage (18%) of the motorcycles examined were
found to have at least one filament outage. This problem is
quite serious because of the lack of redundancy should the

remaining filament fail during nighttime operation.
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Finally, although 60% of the participating motorcyclists
reported that their headlamps provided adequate illumination,
only 40% reported that the current speed limit of 55 mph was

a safe speed for nighttime driving on low beam.

These findings indicate that while most motorcyclists
(77%) are concerned with the aim of their headlamps and have
attempted to change or maintain aim, they cannot perform the
task accurately, as indicated by the variance found in the
distribution of aims. It may thus be desirable to design and
implement an improved aiming/mounting technique which would
allow rapid adjustment of headlamp aim, but would be resistant
to accidental or inadvertant misaim. It may be possible, for
instance, to provide a factory calibrated indicator system
which would provide a visual indication of radical vertical
misaim to the driver. In any case, even a photometrically
optimum beam pattern will be dependent upon proper aim for its

possible benefits to be realized.

A number of approaches to solution of the problem of motor-
cyclists driving at night with a beam outage are available. It
may be possible to motivate drivers to replace defective head-
lamps by more stringently enforcing traffic codes prohibiting
the operation of motorcycles with defective lighting systems,
and by standardizing physical designs of headlamps to hopefully
make them more readily available and less expensive. Outage
rates could also be reduced in some cases by improving lamps or
lamp mounting designs to increase expected life and by insuring
that motorcycle electrical systems are well regulated and do not

allow lamp design voltages to be exceded.

50



SURVEY OF MOTORCYCLE MANUFACTURERS'
HEADLAMP DESIGN AND SELECTION PROCEDURES

OBJECTIVES

Given the wide range of motorcycle headlamp configurations
currently in production, it was felt to be valuable to determine
the procedures used by motorcycle manufacturers to design and/

or select headlamps for use on production motorcycles.
METHOD

Letters of inguiry concerning the criteria used by manufac-
turers to design or select headlamps were sent to representatives
of each of the major motorcycle manufacturers. These letters
outlined the intent of the research program, noted the wide range
of headlamps with differing beam patterns, power reguirements,
etc. currently in production, and asked what logic was used in
the selection of headlamps for use on production motorcycles.
Manfacturers were informed that their replies would be reported
anonymously. Unfortunately, only two manufacturers responded,

Their paraphrased replies are shown below.

RESPONSE 1. Our manufacturing and research facilities are
in close proximity to those of a major electrical equipment
supplier who provides us with lighting equipment which they
insure is to the particular legislative requirement for the country
of destination. Our experimental department works with this firm's
development department in the development and testing of any new

electrical products.,

RESPONSE 2., We take the following factors into account:
(1) Results of human-panel lighting evaluation.
(2) On-vehicle rider reaction.

(3) Candela diagrams provided both by lamp manufac-
turers and outside testing laboratories.

(4) Results of on-vehicle lamp-life testing.

(5) Cost benefit analysis of proposed lighting and
required electrical support system.

(6) Field feedback on existing systems.

(7) Styling considerations,
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We place a heavy emphasis upon lamp durability and have
developed well reqgulated electrical systems accordingly. We
feel that the lack of redundancy in motorcycle headlighting
systems creates a hazardous situation when one filament is out
and we therefore have some bias toward reliability in a reli-
ability vs. light output tradeoff. We feel that in-service life
is an important factor and should be addressed by future light-

ing standards.
DISCUSSION

Because of the lack of response in this survey, little
can be said about general industry practices. It is of some
value to know, however, that at least one manufacturer is con-
cerned with headlamp service life and the problem of motorcycles
operating with filament outages. The extent to which some logic
governs the selection of specific beam patterns is still unknown.
It would appear that beam pattern selection is most heavily depen-
dent upon the subjective impression of the particular engineering
staff involved and the general availability of headlamps from
headlamp suppliers. The beam patterns of headlamps supplied as
original equipment on motorcycles appear to be most directly
a function of the country of origin; i.e., most American-made and
some Japanese-made motorcycle headlamps produce asymmetric low
beam patterns similar to American automotive headlamps; most
European-made motorcycle headlamps produce sharp cutoff low beam
patterns similar to European automotive headlamps; and many
Japanese manufactured headlamps produce symmetric low beam pat-

terns which are unlike any currently used automotive headlamps.

The symmetric design is the most innovative since it is
apparently unique to motorcycles. Unfortunately, no explanation

of why it was developed is avallable.
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STUDIES COWDUCTED TO ILENTIFY THE VISIBILITY
REQUIREMENTS OF HOTORCYCLE OPERATORS

EYE FIXATION EXPERIMENT
OBJECTIVE

The eye fixations of two motorcyclists were recorded
while driving a motorcycle on two lane roads during daylight,
in order to obtain an indication of the areas in the visual
field which are of importance for that driving task. Addi-
tional measurements were made for the same two motorcyclists
when operating an automobile on the same roads to determine

if fixation patterns differ between the two driving tasks.
METHOD

SUBJECTS. Two males, aged 21 and 28 years, were used
in this study. Neither subject had prior experience with
the Eye Marker, and a number of practice runs were made for
this reason. The younger subject had accumulated about 7000
miles of accident-free driving on motorcycles over a period
of seven years and primarily used a 125 cc cycle, The older
subject had accumulated about 100,000 miles on motorcycles
over a period of eight years. His 600 cc BMW motorcycle was

used for this study.

APPARATUS. A portable videotape recorder was strapped
to the gas tank of the motorcycle to record the video and
audio data. The controls for the intensity of the lamp illu-
minating the cornea, and for the horizontal and vertical re-
mote calibration of the eye fixation spot, were attached on
top of the recorder. Two additional 1l2-volt motorcycle
batteries provided power for the recorder and eye spot lamp
(Figure 14). Over the Eye Marker the motorcyclist wore a
helmet, modified to accept the Eye Marker under it (Figure 15).
The experimenter rode as a passenger on the motorcycle holding
a small television monitor in his right hand so that the road

scene, focus of the eye spot and the calibration could be
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Figure 14. The motorcycle with eye mark re-
corder controls and video recorder.

Figure 15, The eye mark recorder worn by a
motorcyclist.,
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continuously monitored (Figure 16). The experimentor could
adjust the eye spot lamp intensity, calibration, and focus,
as well as turn the recorder off and on without the need to
stop the motorcycle, For the tests conducted in the auto-

mobile, the experimenter and the equipment were in the back
seat, as was done in previous tests (Mortimer and Jorgeson,
1972: 1974) illustrated in Figure 17,

DATA COLLECTION PROCEDURE. An automobile containing
the equipment and the motorcycle were driven to the test site.
This consisted cf two sections of two-lane rural roads, one
with edgeline delineation and one without. Each road was
relatively flat, but contained straight and curved sections.
The equipment was left in the car or mounted on the motor-
cycle, the Eye Marker was positioned on the driver's head
and calibrated, and the driving task began. The subjects
were instructed to drive at approximately 45 mph. Runs were
made on several days until enough data were obtained to satisfy

the requirements of the analyses to be made.

DATA REDUCTION PROCEDURE. 1In analyzing the videotapes
an overlay was placed over the TV monitor which divided the
image of the roadway scene into three vertical sections of
100-250 feet, 250-500 feet, and > 500 feet down the road. The
scene was also divided into three lateral sections of 0-5°
right of the driver's forward line of sight, 0-5° left, and
5-10° left. The matrix of these azimuth distance sections
provided nine areas of viewing. All blinks and glances out-
side these areas were accumulated in an out-of-view category.
During a second viewing of the videotapes, the roadway scene
was divided into ten object categories and the eye fixations
classified according to whether they were: off the roaé to the
left, in the left lane looking at an opposing vehicle, in the
left lane not looking at an opposing vehicle, center line,
straight ahead in the lane, right edge, off the road to the right,

mirrors, dash and interior of the car, and blinks and cut-of-view.

55



Figure 16. An eye mark test subject and experi-
menter with video monitor.

Figure 17. The eye mark recorder as used in an
automobile,
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The data reduction was accomplished in the laboratory by
continuously viewing the position of the point of regard on
the monitor, shown by a spot of light, determining which one of
the ten categories was applicable, and holding down a switch on
a keyboard containing ten push-button switches, for the time
duration with which the eye spot was in a specific category.
This resulted in the continuous accumulation of data in terms
of time of an eye fixation within a specified category, and
the frequency of eye fixations within each category. These
data were subsequently analyzed for each of the dependent

variables of interest.

DEPENDENT VARIABLES. The dependent variables were the
percent duration, percent frequency, and the mean duration of
eye fixations in each of the ten azimuth-distance zones and

in each of the ten categories of objects described above.
RESULTS

The mean duration of eye fixations of these drivers was
greater when they were operating a motorcycle than an automobile,
when looking in the lane straight ahead of them. For example,
Table 6 shows that on left curves the mean duration of eye
fixations in the lane was 1.08 seconds and 0.51 seconds,
respectively, when operating the motorcycle and automobile.
Analogous findings were obtained on the straight sections

and right curves.

Table 6. Mean Durations (Seconds) of Eye Fixations Straight
Ahead in the Lane in Motorcycle and Car Driving,
Without Oncoming Vehicles.

Road Geometry Motorcycle Car
Left curve 1.08 0.51
Straight 1.18 0.77
Right curve 2.04 1.45
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Evaluation of the percent frequency of eye fixations in
azimuth and preview distance, averaged over curved and straight
sections of road, showed that there were some significant
differences between the subjects operating the motorcycle and
the automobile, and when there was an oncoming vehicle compared

with a situation when there was no oncoming vehicle,

Table 7 shows that the lateral distribution of eye fixa-
tions is more to the right for the motorcycle riders than for
those same subjects operating an automobile, when there is no
oppesing traffic. When there is an opposing vehicle, the dis-
tributions, in azimuth, are similar for motorcycle and car
driving., But, in both, there is a shift of the eye fixations

to the left - in the direction of the oncoming vehicle,

Table 7. Percent Frequencies of Eye Fixations by Azimuth
with and without Oncoming Vehicles for Motorcycle

and Car Driving*

Azimuth
10°L-5°L 5°1-0° 0°-5°R

Without Oncoming Vehicle

Motorcycle 6.4 24,2 69.4
Car 12.0 31.7 56.3

With Oncoming Vehicle

Motorcycle 14.4 36.9 48.7
Car 11.9 42.5 45.6

*Averaged over curved and straight road sections.

Table 8 shows the percent frequency of eye fixations in
terms of the preview distance ahead of the vehicle, with and

without opposing vehicles. Without opposing vehicles, the
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motorcycle riders looked more frequently closer to the vehicle
than the car drivers. For example, 14.,1% of the eye fixations
were between 30-76m (100-250 ft.) in front of the motorcycle,
compared to 7.7% ahead of the automobile. When there was an
oncoming vehicle, the motorcycle riders slightly increased
their median preview distances, although examination of Table 7
shows that this was due to looking at the opposing vehicle. 1In
spite of this phenomenon, 11.8% of the eye fixations were in
the range of 30-76m (100-250 ft.) ahead of the motorcycle.

When driving the automobile and meeting an oncoming vehicle,
the preview distances were reduced compared to the case where
there was no oncoming vehicle, and were more like those used

when riding the motorcycle.

Table 8. Percent Frequencies of Eye Fixations by Preview
Distance With and Without Oncoming Vehicles for
Motorcycle and Car Driving*

Preview Distance, Feet
100-250 250-500 500 Median

Without Oncoming Vehicle

Motorcycle 14.1 54.5 31.4 415

Car 7.7 49.5 42.8 463
With Oncoming Vehicle

Motorcycle 11.8 55.2 33.0 423

Car 7.5 62.7 29.8 419

*Averaged over curved and straight road sections.

Table 9 shows that there was a large effect on the lateral
distributions of eye fixations due to road geometry, which
are shifted in the direction of the curve. But, in each case,

the motorcycle riders viewed to the right of the field-of-view
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directly ahead of them more than when driving the car.

Table 9. Percent Duration of Eye Fixations by Azimuth Without
Oncoming Vehicles for Motorcycle and Car Driving on
Curves and Straight Sections of Road.

Azimuth

Road Geometry 10°L-5°L 5°L-0° 0°-5°R
Left Curve

Motorcycle 27.2 33.8 38.9

Car 37.7 37.1 25.2
Straight

Motorcycle 1.5 17.9 80.6

Car 5.7 27.0 67.3
Right Curve

Motorcycle 0.3 8.7 91.0

Car 0.4 13.6 86.0

DISCUSSION

There appear to be several differences in the manner in
which the drivers obtain visual information when riding a
motorcycle than driving a car. When on the motorcycle, the
mean dwell times of eye fixations were longer in the most
commonly fixated area - the road lane being used - than in car
driving (Table 6). This, coupled with an increase 1in eye
fixations closer to the vehicle (Table 8) and more to the
right (Table 7), suggests that motorcyclists are more concerned
with the character of the pavement over which they are moving.
Discussions with motorcyclists confirms that they need good
visibility of the pavement to determine its frictional charac-
teristics, to see road ruts, potholes, and small objects that

need to be avoided.
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The eye fixations of the drivers on the motorcycle shifted
in the direction of the road, to the left on left curves, in
the central 10° cone of visibility on straight sections, and
to the right on right curves, This general tendency was also
found for them when driving the car and is a stable phenomenon
that has been obtained in previous studies made on two-lane
roads (Mortimer and Jorgeson, 1974). However, on the motorcycle,
the drivers looked more to the right than in the car (Table 9).
Thus, the right side of the road provides relatively more
valuable information for steering to motorcycle riders than
car drivers. Part of this effect is probably also attributable
to the continuous need for information of the condition of the

pavement,

The presence or absence of roadway edgeline delineation
had little effect on the frequency of viewing the right edge
of the road by the drivers when controlling the motorcycle or
the car. About 11% of the eye fixations were directed at the
right edge of the road with and without delineation. This
compares with about 18% of glances at the right edge of the road
in daytime, irrespective of delineation, found in a previous
study (Mortimer and Jorgeson, 1974)of car driving. It should
be noted, however, that at night a large beneficial effect of

edgeline delineation was reported in that investigation.

The drivers used in this test were concerned with viewing
oncoming vehicles, with 42.5% of the eye fixation time devoted
to them, when present (Table 10). 1In a previous study (Mortimer
and Jorgeson, 1974) about 14% of the viewing time was at oncoming
vehicles, in daytime, and 21% at night. This difference in
these studies could be due to experienced motorcyclists being
used in this test and car drivers in the other, and may reflect

a greater concern with oncoming vehicles on the part of the

motorcyclists.,
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Table 10. Percent Duration of Eye Fixations in Various
Locations on Straight Sections of Road With
and Without an Oncoming Vehicle: Means for
Motorcycle and Car Driving

With Without
Oncoming Oncoming
Location Vehicle Vehicle
Off road to left 3.9 1.9
In left lane at opposing 42.5 o
vehicle
In left lane not at opposing 3.2 10.1
vehicle
Center line 1.3 3.6
Straight ahead in lane 32.5 50.1
Right edge 4.5 9.7
Off road to right 5.5 10.7
Mirrors 1.4 5.1
Dash/Interior 2.1 3.0
Blinks, out-of-view 3.1 5.8

Fundamentally, it appears that operators of motorcycles
view the pavement closer to the vehicle and more to the right
than is the case in car driving. This finding has some impli-
cations for the development of headlamps that will provide an
appropriate distribtuion of illumination on the pavement for
safe steering of motorcycles. The beam should provide adequate
foreground illumination to allow the motorcycle rider to dis-
cern the character of the pavement, and illumination of the
right side of the lane at greater distances to obtain adequate

preview for the prupose of guiding the vehicle.

Since the median preview distances used by the drivers on
the motorcycle were about the same as in the car, this confirms
what is intuitively evident - namely, that they require at
least the same level of visibility ahead of them as do drivers
of automobiles at night. However, motorcycles are equipped
with only one headlamp, which would tend to preclude this

possibility, particularly because headlamps of motorcycles
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are generally cf lower power than those used in automobiles.

The results of this study indicate that a motorcycle
meeting beam should minimally provide adequate foreground
intensities and reach as far as possible with sufficient

illumination provided on the right side of the road.
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SUBJECTIVE LOW BEAM PATTERN LEVALUATION

OBJECTIVES

To provide a qualitative comparison of the low beams of
a subset of the lamps acquired in the useage survey(described
earlier) in order to: 1) enable comparisons to be made between
subjectively desirable and undesirable beam pattern character-
istics <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>