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Field Studies with a Headlight 
Measurement System 

M. RYS, E. RUSSELL, D. HARWOOD, AND A. RYS 

A pilot study was used to test equipment, a headlight measure
ment system, developed for the measurement of light levels from 
vehicle headlights traveling on highways. Discussed are the lo
cations where a preliminary study concluded that data on actual 
light levels are needed by drivers for the night driving task, the 
characteristics of highway sites to be used for data collection, the 
identification and classification of vehicle and headlight charac
teristics used for data collection purposes, the preliminary field 
studies that were performed, and a summary of the field data 
results from those field studies. It is emphasized that the field 
study results, though believed reasonable and accurate, are from 
a very small sample. 

Government regulation of vehicle headlight design has his
torically been based on measurements of headlight output 
under laboratory conditions. Bench measurement of headlight 
photometrics can be quite accurate but fails to account for 
many of the factors that influence the light output in the real 
world. Among the factors not always accounted for are varia
tions in headlight mounting height, improper aiming, voltage 
variations in the vehicli:: electrical system, dirty or corroded 
headlight lenses and reflectors, vehicle pitch angle as a result 
of the bouncing of the vehicle body on its suspension system, 
and vehicle yaw angle as determined by driver steering con
trol. All of these factors can influence headlight performance 
and real-world light levels but can only be determined in the 
field. Thus, field measurements of headlight levels are needed 
as the basis for realistic performance standards for headlights. 

A Kansas State University (KSU) team designed and de
veloped a headlight measurement system (HMS) to provide 
NHTSA with a tool to measure light levels from vehicle head
lights in the field. Following completion of the HMS calibra
tion and sensitivity tests and preliminary testing of field pro
cedures at KSU, Midwest Research Institute (MRI) conducted 
a pilot test of the procedures for a field study of moving 
vehicles. This study was performed on in-service vehicles on 
actual highway sections. The pilot study was followed by ob
taining a sample of field data to the extent that remaining 
project resources would allow. The following discussion pre
sents the rationale on how this field study was planned and 
conducted, and results of the field data that were collected. 

A final project report and two manuals detailing the equip
ment design and operation were written (J). 
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Computer Engineering, Kansas State University, Manhattan, Kans. 
66506. D. Harwood, Midwest Research Institute, 425 Volker Ave
nue, Kansas City, Mo. 64110. 

LIGHT METER LOCATIONS 

The HMS can measure light levels at any locations where the 
light meters, used as sensors for the system, are placed. For 
development of performance standards, measurements are 
needed at those locations that are critical to performance of 
the driving task. The critical issues in headlight performance 
include the availability of enough light for the driver to see 
the pavement edges or lane lines and to read signs without 
creating excessive glare to oncoming drivers. Thus, the in
tensity and beam pattern of headlights should supply sufficient 
light at some locations, but not supply too much at others. 

Six locations at which light levels are of critical importance 
to drivers, which should be considered in determining head
light performance, have been identified for this study: 

1. Right pavement edge at pavement level, 
2. Left pavement edge at pavement level, 
3. Typical roadside sign location on the right side of the 

roadway, 
4. Overhead sign location in the right lane, 
5. Overhead sign location in the left lane, and 
6. Eye location of an oncoming driver in the opposing lane, 

Procedures for measuring light levels at each of these locations 
were developed in this study. Figure 1 shows the location of 
each of these light meter locations. The cross-sectional lo
cation for each of these light meters is discussed in the next 
sections, followed by a discussion of the distance between 
these light meters and the approaching vehicles at the time 
when readings are taken. 

Right Pavement Edge at Pavement Level 

Performance of the vehicle guidance task at night requires 
the driver to be continuously aware of the roadway alignment 
and position of the vehicle relative to the pavement edge. 
When traveling at highway speeds, drivers must see the pave
ment edge at some distance ahead to position their vehicles 
properly. 

A light meter to measure the light level from vehicle head
lights was placed near the pavement edge. It would be desir
able to take light measurements at pavement level at the edge 
of the traveled way; however, this is not practical. A light 
meter on the pavement edge would be exposed and could be 
struck by passing vehicles. Furthermore, unless a hole or 
depression is made in the pavement, it is physically impossible 
to place a light meter exactly at the elevation of the pavement 
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FIGURE 1 Six key locations selected for this study. 

edge. Thus, a compromise had to made. The specific location 
selected for placing a light meter near the pavement edge was 
on the roadway shoulder, 2 ft (0.61 m) outside the edge of 
the traveled way and 6 in. (14 cm) above the elevation of the 
outside edge of the pavement . 

Left Pavement Edge at Pavement Level 

The placement of the light meter at the left pavement edge 
is entirely analogous to the placement at the right pavement 
edge. The light meter at the left pavement edge was placed 
on the left shoulder of the road, 2 ft (0.61 m) outside the edge 
of the traveled way and 6 in . (14 cm) above the elevation of 
the outside edge of the pavement. 

Roadside Sign Location on Right Side of Roadway 

The illumination level at a typical roadside sign was measured 
by a light meter located on the right side of the road at a 14 

ft ( 4.27 m) offset from the edge of the traveled way and at 
an elevation of 7 ft (2.14 m) above the edge of the traveled 
way. This offset and mounting height place the sensor where 
the center of a warning sign would be placed on a conventional 
(nonfreeway) highway according to the Manual on Uniform 
Traffic Control Devices for Streets and Highways (MUTCD) 
(2). The MUTC.D specifies that the inside of the sign should 
be 12 ft (3.66 m) from the edge of the roadway and the bottom 
of the sign should be 5 ft (1.53 m) above the pavement edge. 
(Large guide signs used on freeways are mounted further from 
the road and at higher mounting heights. Light levels on such 
signs could be studied with the HMS, but for the present 
study data collection was limited to the right roadside sign 
location generally used on conventional highways .) 

Overhead Sign Location Above the Right Lanes 

Light meters at overhead signs were placed at 20 ft (6.1 m) 
above the center of the right lane, which corresponds to the 
center of a typical overhead sign location. The MUTCD sets 
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a minimum vertical clearance of 17 ft (S.19 m) for overhead 
signs (2). The 20-ft (6.1-m) mounting height allows for the 
minimum clearance plus half of the height of a 6-ft (1.83-m) 
sign . The location requirements for overhead sign measure
ments limit data collection for all practical purposes to sites 
with existing overpass structures that cross over the highway 
on which light meters could be mounted unless supporting 
framework is built . 

Eye Location of Oncoming Drivers in the 
Opposing Lane 

The final critical location for measurement of light levels is 
at the driver's eye position of an oncoming vehicle. It is as
sumed that the oncoming driver's eye is located 4 ft (1.22 m) 
outside the highway centerline and 3.S ft (1.07 m) above the 
pavement. This is the position at which the oncoming driver's 
eye would be on a two-lane, two-way highway. Light levels 
cannot be measured at this location on a two-lane, two-way 
highway because the sensor would be within the lane used by 
opposing traffic, but light levels can be measured at the cor
responding position on the left shoulder of a one-way or di
vided highway. At such locations, measurements must be lim
ited to vehicles traveling in the far-left lane. On a one-way 
roadway with only one travel lane, measurements could be 
made for all vehicles. 

SYSTEM SETUP AND KEY POINTS 

Longitudinal Placement of Light Meters 

No limitations, other than the limitations on the lengths of 
the connecting cables, exist on the distance between the in
frared sensors that are tripped by the passing vehicles and the 
light meters where the illumination levels from their head
lights are measured. Thus, the distance between the vehicles 
and the light meters can be varied to suit the needs of a 
particular data collection effort. For all data collected in this 
study, measurements were made with the two infrared sensors 
located 2SO and 3SO ft (76.3 and 106.8 m) from the overhead 
sign meters and lSO and 2SO ft (4S.8 and 76.3 m) from all of 
the other meters. The light meters for the overhead sign lo
cation were farther from the infrared sensors than the other 
light meters because, as a result of the vertical angle, light 
levels on an overhead sign would be expected to be higher at 
the greater distance. In other words , the distances used for 
the other light meter locations would be too close for normal 
reading of an overhead sign. 

Control Parameters and Trigger Points 

Central to the HMS is the Quiklite program. This program, 
written in QuikBasic and compiled in an executable module 
stored under the file name QUIKLITE.EXE, can be run by 
entering the command QUIKLITE from the MS DOS prompt. 
Five fundamental parameters that control the operation of 
the Quiklite program must be set before headlight data can 
be recorded: 
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• Sample rate, 
• Average base, 
• Distances between Switches 1 and 2, 
•Time between second switch and third set of readings , 

and 
• Sensor ranges. 

All five parameters can be changed at any time depending 
upon the data collection objectives, site geometry, equipment 
configuration, and so forth. 

The sample rate is the number of readings per second made 
from each light meter while data are being collected . The 
software is capable of making from 1 to 4,000 readings per 
sec. However, it was found that the processor speed sets a 
practical upper limit on the combination of sample rate, av
erage base, and distance between infrared sensors. Trials es
tablished that the most satisfactory value was SOO readings 
per sec, which was the setting used for all data collected as 
part of this study. 

The average base is the number of consecutive readings 
that are averaged to create each value stored in the data file. 
The average base used in this study was SO readings (i.e . , one 
average stored for each SO readings made) . Thus, the com
bination of a sampling rate of SOO readings per sec and an 
average base of SO readings implies that each average light 
level stored in the data base is the average of SO readings 
made over an interval of 0.1 sec. 

The user must enter the distance (in feet) between the 
infrared sensors used to detect vehicle passages (called Switches 
1 and 2 in the program) . In all cases in this study, the distance 
between sensors was 100 ft (30.S m) . 

The data collection interval for each vehicle passage se
lected for measurement of headlight levels begins when the 
first infrared sensor is triggered by the vehicle (T1) , continues 
when the second infrared sensor is triggered (T2), and ends 
at a specified time interval after the second sensor is triggered 
(T 3). In this study, this time interval between the second 
switch and the third set of readings was set as 1.1 sec. 

The range selected for each of the eight light meters must 
be set in the Quiklite program, and these ranges may be 
changed at any time. These ranges must also be manually set 
on the light meter itself. The allowable ranges that can be 
selected are 0.001 to 0.999, 1.00 to 9.99, 10.0 to 99.9, 100.0 
to 999.9, and 1,000.0 to 9,999. 

SITE SELECTION 

Sites for field data collection were selected to meet the fol
lowing criteria: 

•Level roadway grade , 
•Tangent roadway alignment, 
•Well removed from intersecting roadways or ramps, 
• Moderate nighttime traffic volumes, 
• Limited background ambient light levels, and 
• Suitable mounting locations for all light meters. 

The requirement for a level roadway grade is intended to 
make interpretation of the measured light levels easier . On 
a steep upgrade or downgrade, the effect of the grade on 
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headlight aim would need to be accounted for. Although no 
roadway grades are truly level because of drainage consid
erations, many sites with grades under 1 percent are available. 

Data collection sites should be located on tangent roadway 
alignments, not on horizontal curves. On a tangent site, ve
hicle yaw angles should not vary markedly from a path parallel 
to the roadway centerline. On horizontal curves, driver steer
ing inputs may vary more widely, leading to larger variations 
in vehicle yaw angle at any given point on the roadway. 

Data collection sites should be well removed from inter
secting roadways and ramps both to minimize traffic operation 
interferences with the vehicle being measured and to avoid 
the presence of turning or merging vehicles. These vehicles 
should not be sampled because they are not traveling parallel 
to the roadway centerline. 

Sites with high nighttime traffic volumes should be avoided. 
The difficulty is finding vehicles that are isolated enough in 
traffic so that the light levels from their headlights can be 
measured without interference from adjacent vehicles. Ve
hicles tend to travel in platoons , even on multilane roadways, 
so lower traffic volumes are necessary to obtain a reasonable 
number of isolated vehicles. In the preliminary field studies, 
the definition used for an isolated vehicle was a vehicle that 
had no following vehicle traveling in the same direction within 
± 500 ft (152.5 m). A suggested maximum nighttime traffic 
volume is 200 vehicles/hr (an average of 3.3 vehicles/min). 

It is desirable for the background ambient light level at a 
data collection site to be as low as possible. Because the light 
levels from headlights are determined as the difference be
tween a reading in the presence of a vehicle and a background 
reading, and because the light levels from headlights are rel
atively low at some locations (e.g., overhead signs), it is de
sirable for the background reading to be as small a percentage 
of the headlight reading as possible. Sites with roadway light
ing should be avoided and ambient light sources should be 
checked under nighttime conditions to determine whether 
a site is suitable. Also, ambient readings should be fairly 
constant. 

Finally, a site should have suitable mounting positions for 
all, or as many as possible, of the light meter locations dis
cussed above. As a practical matter, it was found that most 
sites do not provide suitable locations for all of the light me
ters, so two different types of sites were selected . A freeway 
site with an overpass is needed for measurement of overhead 
sign locations. However, a divided or one-way roadway with 
only one travel lane is most suitable for determining glare 
from oncoming vehicles. Most sites suitable for overheacl sign 
or glare measurement are also suitable for pavement edge 
and roadside sign measurement. 

Two sites were used in the preliminary field studies , one 
with an overpass and one with a one-lane, one-way roadway. 
Both sites were located in a relatively rural portion of a met
ropolitan area with a population of more than 1 million. 

Site 1 was located on Interstate 435 and North Agnes Av
enue in Kansas City, Missouri. This site was located on a four
lane divided freeway with a tangent, relatively level roadway. 
The site had a freeway overpass where a minor street crossed 
the freeway, but there were no ramp connections between 
the freeway and the street on the overpass. (As discussed, it 
was desirable to avoid sites with ramps or turning roadways .) 
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FIGURE 2 Nonfreeway locations (Site 2). 

N 

t 

Temporary installation of overhead sign sensors on this over
pass structure proved feasible. 

Site 2 was located on US-169 between Cookingham Drive 
and Northwest 108th Street in Kansas City, Missouri . This 
site was located at the transition from a four-lane divided 
freeway to a two-lane undivided highway. In making this tran
sition, one of the southbound lanes was dropped approxi
mately 1,000 ft before the median divider ended and the two
lane undivided highway began. The portion of the roadway 
with a median divider but only one southbound roadway had 
a tangent, relatively level alignment and provided an ideal 
site for a light meter on the left shoulder to measure glare 
from oncoming vehicle headlights. Figure 2 shows a schematic 
sketch of this location. 

IDENTIFICATION OF VEHICLE AND 
HEADLIGHT CHARACTERISTICS 

In addition to measuring the illumination levels from vehicle 
headlights, it would be desirable to know as much as possible 
about those vehicles and their headlight systems. This re-
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quired either that data about each vehicle be collected in the 
field or that the manufacturer , model, and year be accurately 
identified. 

Substantial effort went into trying to read vehicle license 
plate numbers from the roadside at night. If the license plate 
number could have been obtained, vehicle registration rec
ords could be used to determine the vehicle identification 
number (VIN). From the VIN, available NHTSA records 
would allow accurate identification of the manufacturer, model, 
and year of the vehicle and, in most cases , the characteristics 
of the headlight system. 

Vehicle license numbers can be read quite easily from the 
roadside of high-speed highways during the day, but this proved 
to be quite difficult at night. Various systems involving view
ing with the naked eye, with binoculars, and with low-light 
video were tried, but none proved satisfactory. The best per
formance achieved was determining the license plate numbers 
of approximately one vehicle out of every six and the sample 
of vehicles obtained in this way was probably biased (e.g., 
limited to well-lighted license plates of newer cars). It would 
be possible to obtain license plate numbers from a following 
vehicle after the vehicle had passed through the measurement 
site, but this would drastically slow the rate at which data 
were collected. Likewise, if vehicles were stopped and inter
viewed downstream, this could cause delay and safety prob
lems. There are sophisticated systems that could have been 
designed or adapted from state-of-the-art video technology, 
but such systems were beyond the resources available to this 
project. Therefore, the attempts to record license numbers 
were abandoned. 

Instead, vehicle and headlight types were noted and re
corded for each vehicle for which light levels were measured 
in the preliminary field studies. These characteristics were as 
follows : 

•Vehicle type-passenger car, pickup truck, van, single
unit truck, tractor-trailer with cab-over-engine tractor, and 
tractor-trailer with cab-behind-engine tractor. 

•Headlight type-round sealed beam, rectangular sealed 
beam, and aerodynamic (replaceable bulb). 

This list of characteristics is about the limit that an average 
person can differentiate and record as vehicles approach at 
night. Similar information could be recorded in greater detail 
in future studies or, if sufficient resources were available , 
sampled cars could be stopped and interviewed (though the 
dangers must be considered) or a system capable of reading 
license plates at night could be used. Notes on headlight con
dition were also recorded. 

PRELIMINARY FIELD DATA COLLECTION 

Preliminary field studies were conducted during July through 
September 1990. Field studies were performed on a total of 
nine nights during that period-five nights at Site 1 and four 
nights at Site 2. 

Because only two light meters were available, they were 
used at alternative locations on different nights. (The equip
ment can record seven light meters simultaneously; the de-
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cision to purchase only two meters for the equipment tests 
was made by the contract monitor.) Light meters at the right 
pavement edge location, the roadside sign location, and the 
overhead sign location over the right lane were tested at Site 
1. All measurements at Site 1 involved vehicles traveling in 
the right lane of the freeway with headlights on low beam. 
The overhead sign location over the left lane was not tested, 
but data collection would be entirely analogous to the location 
over the right lane. The right and left pavement edge location, 
the roadside sign location , and the oncoming vehicle glare 
location were tested at Site 2. 

The purpose of the initial studies during July was to test 
the equipment under field conditions, develop data collection 
procedures, test the ability to read vehicle license plates, and 
debug the computer software. Following resolution of these 
problems, a small sample of usable data was obtained with 
the system during August and September 1990. Data collec
tion during this final period was quite successful. However, 
because at that point project resources were exhausted, sam
pled size was limited. 

RES UL TS OF THE PRELlMINARY 
FIELD STUDIES 

Because of limited resources, only a pilot study to test the 
equipment and obtain a small sample was possible. This fact 
is stressed because, given the very small sample, one should 
be very careful in interpreting the results. The results appear 
to be valid, and the research team is pleased with them, but 
conclusions made from this or any small sample could be 
misleading if extrapolated to broad conclusions. 

The Statistical Analysis System (SAS) on the KSU main
frame was used to analyze the data . The data consisted of 
measurements of all vehicles traveling in the right lane with 
headlights on low beam only. The data that had been stored 
in the field computer data base Klite.Dta were copied with 
the help of the file transfer program KERMIT to the main
frame KSUVM. The following SAS procedures were used: 
Proc Sort, Proc Means, and Proc Chart. The first procedure 
was used to sort the data by vehicle type and sensor location 
to check for and eliminate possible data entry errors and 
values obviously in error [e.g., values considered impossible, 
such as a calculated speed of 140 mph (225 km/hr) or similar 
unbelievable values] . (There were very few such values.) Next 
the background readings were subtracted from all the record
ings, and the resulting "true" light intensity levels were used 
in further analysis of the data. 

The mean values of illumination were calculated for each 
vehicle type and sensor position and for each headlight type 
and sensor position. The mean values of illumination for dif
ferent sensor locations can be found in Tables 1, 2, 3, and 4. 
Tables 1 and 3 contain the mean values gathered during the 
data collection on Site 1 (Interstate 435 and North Agnes 
Avenue). Tables 2 and 4 contain data from Site 2 (US-169 
between Cookingham Drive and Northwest 108th Street) . 
The mean values of illumination for different headlight types 
can be found in Tables 5 and 9. 

From Table 1 it can be seen that for the passenger cars the 
readings of illumination monotonically increased as the car 



TABLE 1 Mean Values or Illumination at Right Shoulder Sign Location 

Vehicle Type 

Passenger car 

Van or pickup 

Number of 
Vehicles 

Measured Sensor" 

44 rs 

23 rs 

"rs = right shoulder sign location. 

lllumjnat jon (fed) 
Position T 1 Position T 2 

Mean Std. Dev. Mean Std. Dev. 

.0409 .0229 .0597 .0499 

.0692 .0601 .0832 .0644 

Position T3 
Mean Std. Dev. 

.0731 .0341 

.0744 .0269 

TABLE 2 Mean Values of Illumination at Glare Sign Location and Left Pavement Edge 

Number of 
Vehicles 

Vehicle Type Measured Sensor" 

Passenger car 53 gs 
Ip 

Van or pickup 23 gs 
Ip 

•gs = glare sign location 
Ip = left pavement edge location 

ll!umjnatjon Cfcdl 
Position T 1 Position T 2 

Mean Std. Dev. Mean Std. Dev. 

.0475 .0452 . 1068 . 1552 

.0899 .0691 . 1956 .1488 

.0548 .0291 .0945 .0523 

.1121 .0628 .2508 . 1210 

Position T3 
Mean Std. Dev. 

.1933 .1519 
1.2845 .6966 

.2511 .1459 
1.5278 .8655 

Mean Vehicle 
Speed (mph) 

66.4 

63 .5 

Mean Vehicle 
Speed (mph) 

57.6 
57.6 

57.3 
57.3 

TABLE 3 Mean Values of Illumination at Right Overhead Sign Location and Right Shoulder Sign Location 

Number of lllymim1!i2n (f~l 
Vehicles Position T 1 Position T2 

Vehicle Type Measured Sensor" Mean Std. Dev. Mean Std. Dev. 

Passenger car 57 ro .0082 .0036 .0118 .0040 
rs .0350 .0182 .0437 .0147 

Semi CBE 25 ro .0087 .0068 .0129 .0062 
rs .0428 .0428 .0645 .0621 

Semi COE II ro .0064 .0029 .0098 .0041 
rs .0327 .0159 .0487 .0212 

Straight truck 4 ro .0066 .0018 .0098 .0039 
rs .0274 .0110 .0388 .0103 

Van or pickup 39 ro .0119 .0151 .0279 .0872 
rs .0517 .0435 .0604 .0459 

"ro = right overhead sign location 
rs = right shoulder sign location 

TABLE 4 Mean Values of Illumination at Right Pavement Edge Sign Location 

Vehicle Type 

Passenger car 
Semi COE 
Van or pickup 

Number of 
Vehicles 

Measured Sensor" 

57 
2 
45 

rp 
rp 
rp 

"rp = right pavement edge location 

Uluminatjon Cfcd) 
Position T 1 Position T 2 

Mean Std. Dev. Mean Std. Dev. 

.2743 

.2700 

.3659 

.1720 

.0314 

.2434 

.7639 

.8847 
1.0940 

.4025 

.0206 

.6747 

Position T3 
Mean Std. Dev. 

.0240 .0064 

.0607 .0179 

.0245 .0101 

.0704 .0453 

.0191 .0069 

.0616 .0235 

.0224 .0065 

.0587 .0130 

.0384 .0754 

.0678 .0441 

Position T3 
Mean Std. Dev. 

3. 1154 
1.2668 
3.4301 

1.6256 
.4156 
l. 7836 

Mean Vehicle 
Speed (mph) 

63.6 
63.6 
64.5 
64.5 
66.3 
66.3 
64.4 
64.4 
63.0 
63 .0 

Mean Vehicle 
Speed (mph) 

58. l 
60.6 
57.0 
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approached the right shoulder sensor. This might be a char
acteristic of a wide-angle beam, which would cause the read
ings to increase as the car gets closer to the sensor. This is 
consistent with the observations taken on different days at 
the same location (Table 3) . A similar trend was observed for 
all other vehicles measured during all days except for the data 
in Table 1. For the vans and pickups (see Table 1) the readings 
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increased for location T2 , but then dropped at location T3 . 

This might be an indication of a narrow-angle beam (i .e ., the 
readings are further out in the beam pattern). 

In comparing the data between vehicles, it can be concluded 
that vans and pickups in general gave higher intensity readings 
at all sensor positions except the T3 reading of the right shoul
der sensor and tractor-trailer trucks with cab-over-engine 

TABLE 5 Illuminance of the Right Overhead Sign Location by Headlight Type 

Number of Hl11mina1i2n {fs;d) 
Vehicles Headlight Min. Max. 

Position Measured Typea Mean Std.Dev. Value Value 

T, 16 A .0157 .0219 .0054 .0969 
T2 16 A .0485 . 1357 .0073 .5570 
T3 16 A .0581 .1165 .0183 .494 

T, 7 RND .0052 .0024 .0023 .0089 
T2 7 RND .0087 .0026 .0059 .0126 
T3 7 RND .0199 .0042 .0143 .0242 

T, 52 RCT .0090 .0051 .0025 .0368 
T2 52 RCT .0131 .0064 .0054 .0476 
T3 52 RCT .0249 .0079 .0122 .0593 

T1 61 u .0080 .0052 .0025 .0377 
T2 61 u .0117 .0050 .0047 .0342 
T3 61 u .0231 .0080 .0109 .0592 

"A - Aerodynamic 
RND - Sealed beam, round 
RCT - Sealed beam, rectangular 
U - Unknown 

TABLE 6 Illuminance of the Right Shoulder Sign Location by Headlight Type 

Number of Illumiaa.liQI! ma.n 
Vehicles Headlight Min. Max. 

Position Measured Type" Mean Std.Dev. Value Value 

T, 16 A .0469 .0301 .0166 . 1295 
T2 16 A .0618 .0496 .038 .2387 
T3 16 A .0852 .0447 .0322 .2162 

T, 7 RND .0260 .0179 .0107 .0639 
T2 7 RND .0333 .0100 .0243 .0508 
T3 7 RND .0617 .0140 .0421 .0866 

T, 52 RCT .0464 .0376 .0119 .2247 
T2 52 RCT .0533 .0314 .0212 .1752 
T3 52 RCT .0611 .0297 .0281 .1839 

T, 61 u .0362 .0297 .0111 .1807 
T2 61 u .0517 .0426 .0176 .2681 
T3 61 u .0624 .0331 .0280 .2537 

"A - Aerodynamic 
RND - Sealed beam, round 
RCT - Sealed beam, rectangular 
U - Unknown 



TABLE 7 Illuminance of the Right Pavement Edge by Headlight Type 

Number of Ilh1minll!iQn m:d} 
Vehicles Headlight Min. Max. 

Position Measured Typea Mean Std.Dev. Value Value 

T1 21 A .4122 .2744 .1125 1.054 
Tz 21 A 1.061 .7095 .3766 2.737 
T3 21 A 4.158 1.933 2.036 10.175 

T1 13 RND .2273 .1812 .0259 .5898 
Tz 13 RND .6800 .4136 .1071 1.512 

TJ 13 RND 2.609 .9329 .9242 4.569 

T1 67 RCT .3016 .1853 .0010 .7629 
Tz 67 RCT .9008 .5281 .0194 2.582 
T3 67 RCT 3.084 1.652 .4089 8.685 

aA - Aerodynamic 
RND - Sealed beam, round 
RCT - Sealed beam, rectangular 

TABLE 8 Illuminance of the Glare Sensor Location by Headlight Type 

Number of Jl l 1.mli m1tiQ!! (fi;d} 
Vehicles Headlight Min. Max. 

Position Measured Type a Mean Std.Dev. Value Value 

T1 16 A .0400 .0191 .0222 .0928 

Tz 16 A .0696 .0355 .0339 .1780 

T3 16 A .1655 .0843 .0860 .4143 

T1 6 RND .0755 . 1189 .0142 .3177 

Tz 6 RND .1191 . 1662 .0306 .4571 

T3 6 RND .2933 .3365 .0823 .9712 

T1 53 RCT .0499 .0291 .0096 .1336 

Tz 53 RCT .1121 .1477 .0255 .8160 

T3 53 RCT .2153 .1369 .0687 .8125 

TABLE 9 Illuminance of the Left Pavement Edge by Headlight Type 

Number of Illymination (fi;d) 
Vehicles Headlight Min. Max. 

Position Measured Type a Mean Std.Dev. Value Value 

T1 16 A .0856 .0444 .0364 .2006 
Tz 16 A .2073 .1065 .0738 .4649 
T3 16 A 1.5113 .9629 .4162 4.2411 

T1 6 RND .1145 .1650 .0194 .4489 
Tz 6 RND .2617 .3515 .0516 .9711 
T3 6 RND 1.005 .5904 .2540 1.954 

T1 53 RCT .0984 .0577 .0148 .2277 
Tz 53 RCT .2087 .1175 .0479 .4678 
T3 53 RCT 1.3383 .6982 .3121 3.589 

8A - Aerodynamic 
RND - Sealed beam round 
RCT - Sealed beam, rectangular 
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(C-0-E) showed the lowest light intensity. The sensor located 
at the overhead sign indicated the lowest readings in the range 
of 0.006 to 0.012 fed at T 1 (350 ft, 106.8 m), 0.009 to 0.028 
fed at T2 (250 ft, 76.3 m), and 0.019 to 0.038 fed at T3 • All 
these readings were approximately 3 to 5 times lower than 
those of the sensor located at the right shoulder. The highest 
readings were recorded for the right pavement edge sign lo
cation and varied in range, for example 0.27 fed for passenger 
car at T 1 to 3.12 fed at T3 . 

From Tables 5, 6, 7, 8, and 9 it can be seen that the highest 
light intensity levels were for the aerodynamic type headlight 
for all the sensor positions except the glare sensor position. 

CONCLUSIONS 

At the time the study was being planned, the portable com
puter that was used was state-of-the-art. That is no longer the 
case, and a new generation computer should be incorporated 
into the system. During the course of the study the research 
staff determined that more expensive sensors (in the $6,000 
to $10,000 range) could be custom made and incorporated 
into a more sophisticated, expensive system. However, for 
the resources available the system developed proved to be 
adequate for its main purpose, which was to determine the 
distribution of light output of the current fleet of highway 
vehicles at any set of desired points quickly, easily, and with 
reasonable accuracy with relatively inexpensive, off-the-shelf 
hardware. Details of the headlight measurement system used 
in this study are presented by Rys et al. elsewhere in this 
Record. The project final report and equipment systems man
ual and user's manual will provide valuable information for 

73 

future studies to gather information on a larger sample under 
varied conditions, thus enabling one to make significant con
clusions about the output of the fleet of highway vehicles and 
to see how that output varies with vehicle and headlight type, 
and over time. The final report contains an appendix with 
detailed suggestions on upgrading the system to increase its 
speed and capacity and make it universally applicable to an 
almost infinite number of traffic situations and large samples. 

It is believed that the results presented are sufficiently ac
curate for the stated purpose, albeit at one point in time at 
two specific sites with their own specified set of characteristics. 
Any generalization or extrapolation of results and conclusions 
that the reader wishes to make should be made very cautiously. 
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