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Introduction

Information about the locations of headlamps and driver eye positions is
important in estimating the performance of a variety of traffic-safety equipment, such as
retroreflective traffic signs and markings, rearview mirrors, and headlamps. Driver eye
height is also an important factor in determining safe sight distances on vertical curves.

Let us consider, for example, retroreflective traffic signs. The efficiency of
retroreflective materials is an inverse function of observation angle, the angle formed by
the light source (the headlamp), the material (the sign), and the eyes of the observer (the
driver) (Sivak, Flannagan, and Gellatly, 1993). Consequently, the locations of the
headlamps and driver eye positions are critical in estimating the efficiency of the
retroreflective materials. However, no comprehensive database concerning the locations
of headlamps and driver eye positions exists for the current U.S. fleet. Because of this
state of affairs, different studies and computer models have assumed different values for
these locations, with the consequence that the findings across studies are not directly
comparable. As an example, Table 1 lists the locations of headlamps and driver eye
positions in several recent publications related to retroreflective traffic signs.

The present study was designed to obtain information about the locations of
headlamps and driver eye positions in vehicles currently sold in the U.S. The information
was derived from the 15 best-selling cars and 15 best-selling light trucks and vans. For
headlamp locations, actual vehicle measurements were made. For driver eye positions,
dimensional information provided by vehicle manufacturers was used to estimate the
location of the driver seating reference point. An UMTRI-developed computer model
that predicts the relationship between the driver eye position and the driver seating
reference point was then used to predict driver eye positions.



Table 1
The assumed locations of headlamps and driver eye positions in previous publications.

Vehicle type Distance (m)
1 2 3 4 5
Car (CIE, 1988) 0.65 1.20 2.00
Car (Paniati and Mace, 1993) 0.61 | 0.61 1.07 | 046 | 1.37
Car (Sivak et al., 1993) 062 | 057 | 1.14 | 042 | 2.06
Car (CEN, 1994) 065 | 0.50 [ 1.20 | 0.30 | 2.00
Car (Szczech and Chrysler, 1994) 068 | 661 | 1.16 | 041 | 2.08
Car (Stimsonite, 1996) 066 | 052 | 1.13 | 033 | 2.06
Light truck (Sivak et al., 1993) 076 } 065 | 1.63 | 047 | 2.06
Light truck/small bus (CIE, 1988) 0.86 1.68 1.20
Bus/truck (CEN, 1994) 0.80 | 0.90 | 2.20 | 0.70 | 0.95
Heavy truck (CIE, 1988) 0.81 2.29 0.97
Heavy truck (Sivak et al., 1993) 0.85 | 099 | 233 | 0.69 | 1.52
Large bus (CIE, 1988) 0.85 2.17 0.92
Motorcycle (CEN, 1994) 0.80 | 0.06 | 1.00 | 0.00 | 0.50
Motorcycle (CIE, 1988) 0.80 1.00 0.50

Vertical distance from headlamp center to ground.

Lateral distance from headlamp center to vehicle centerline.
Vertical distance of driver eye location to ground.

Lateral distance from driver eye location to vehicle centerline.
Longitudinal distance between headlamp and driver eye location.

NRwRe

Note: The entries for headlamp mounting height and driver eye height in Sivak et al.
(1993) were computed using raw data from Cobb (1990).




Method

Location of headlamps

Information about the location of headlamps was based on actual measurements
made on 1996 model vehicles, The measurements were performed on the 15 best-gelling
cars and the 15 best-selling light trucks and vans in the U.S. for calendar year 1995
(Wards Automotive Reports, 1996). The 30 vehicles represented 52% of all vehicles
sold: the 15 cars constituted 41% of all cars sold, while the corresponding percentage for
the 15 light trucks and vans was 67% (Wards Automotive Reports, 1996). The 30
vehicles were manufactured by six companies {Chrysler, Ford, GM, Honda, Nissan, and
Toyota).

Three measurements were taken to identify the position of the low-beam
headlamps of each vehicle: vertical distance of a headlamp from the ground (center-to-
ground mounting height), lateral distance between the headlamps (center-to-center
separation), and longitudinal distance from the bumper to the headlamp lens (see
Figure 1). (Lateral distance to the centerline of the vehicle was obtained by dividing
lateral distance between headlamps by 2.)

The measurements for all but one vehicle model were taken in car dealerships.
(One vehicle model was no longer available in car dealerships. Consequently, the
measurements for this vehicle model were made in a car rental agency.) No occupants
were in the vehicles at the time of the measurements. Fuel levels and tire pressures were
not monitored or adjusted.

At least two samples of each vehicle model were measured, and these
measurements were then averaged. These average measurements for each vehicle model
were then, in turn, weighted by the corresponding 1995 sales numbers to obtain grand

means for cars and light trucks, respectively.



Figure I. Schematic diagram of the three headlamp measurements taken for each vehicle.



Location of driver eye positions

Estimated locations of driver eye positions were derived in a two-part process (see
Figure 2). First, the coordinates of the SAE seating reference point (SgRP) were
calculated using SAE dimensions H5, W20, L104, and L114 (defined in SAE
Recommended Practice J1100 [Society of Automotive Engineers, 1996]). The actual
values were provided by vehicle manufacturers. Second, using a model developed at
UMTRI, the SgRP coordinates were used to predict the coordinates of the average driver
eye position (as the centroid of an eyellipse).

The SgRP is a vehicle interior reference point, defined in SAE Recommended
Practice J1100 and measured according to SAE Standard J826 (Society of Automotive
Engineers, 1996). The SgRP corresponds to the predicted location of the hip-joint center
of a driver seated at the 95th percentile seat position. The vertical component of the
distance from the SgRP to the accelerator heel point (SAE dimension H30) is an
important predictor of driver eye locations.

Centroid

Eyellipse

y — Ball of foot

Accelerator
heel point
— eel po

X

Figure 2. Schematic diagram of the relationship between the driver seating reference
point (SgRP) and the mean driver eye position (the centroid of the eyellipse).



Design specifications were requested from the respective vehicle manufacturers
for 1996 model vehicles. (Specifications were not available for the 1996 model year for
three vehicles. Therefore, the specifications that were used for these three vehicles were
for the 1995 model year.)

The centroid of the eyellipse for each vehicle was derived using the UMTRI
model to predict eye location. The UMTRI model was developed from eye-position data
for 535 to 100 subjects in each of 13 vehicles and 7 buck conditions (Schneider, Manary,
and Flannagan, 1995). An empirical eyellipse was determined for each of the vehicles
and buck conditions, and separate regression equations were generated to predict each of
the nine parameters of the eyellipses (three centroid coordinates, three axis lengths, and
angles of offset in three planes). The equations for the longitudinal and vertical
components of the centroid accounted for 90% and 98% of the variance, respectively.
The lateral location of the eyellipse centroid was predicted to lie on the seat centerline in
all vehicles.

For each vehicle, SAE dimension H30 was used as input to the UMTRI eyellipse
model, and the predicted eyellipse centroid was determined. The centroid coordinates
were originally derived as distances to standard vehicle interior landmarks: ball-of-foot
point for the longitudinal coordinate, accelerator heel point for the vertical coordinate,
and driver's seat centerline for the lateral component. These were then translated into
distances to bumper (longitudinal), ground (vertical), and vehicle centerline (lateral)
using additional SAE design specifications provided by vehicle manufacturers (HS, W20,
L531, L104, and L114). Finally, averages of these dimensions for cars and light trucks
were obtained by weighting the individual vehicle dimensions by the corresponding 1995
sales figures.

1153 was not available for four vehicles. For these four vehicles, .53 was estimated from pedal plane
angle and the 95th percentile selected seat position, given H3(), in accordance with SAE Recommended
Practice J1516 (Sociely of Automotive Engineers, 1996).



Results

Location of headlamps
The means and standard deviations of the sales-weighted distributions of the
measured headlamp locations are listed in Table 2.

Table 2
Locations of the low-beam headlamps. The main entries are the sales-weighted means;
the entries in parentheses are the standard deviations of the sales-weighted distributions.

Distance (m)
Dimension Cars L;gnfg i;urf;(s
Vertical to ground! (8{%) (ggg)
Lateral to the centerline of the vehicle! (882) (883)
Longitudinal to the front of the burnpfir2 (832) (8(1)3)

IMeasured from the center of the headlamp.
2Measured to the lens of the headlamp.



Location of the seating reference point (SgRP)
The means and standard deviations of the sales-weighted distributions of the
calculated locations for the driver seating reference point are listed in Table 3.

Table 3
L.ocations of the driver seating reference point (SgRP). The main entries are the sales-
weighted means; the entries in parentheses are the standard deviations of the sales-
weighted distributions.

Distance (m)
Dimension i
Cars Light trucks
and vans
Vertical to grouncl1 (832) (882)
Lateral to the center of the vehicle? (883) (832)
Longitudinal to the front of the bumper3 (3?(6)) (3?8)
ISAE dimension H5.
ZSAE dimension W20.

3Calculated by adding SAE dimensions L.104 and L.114. For ten vehicles, L114 was not

available directly. For six of these ten vehicles, L114 was derived by subtracting L128
from L31. For four of the ten vehicles, L114 was derived as a sum of the longitudinal
distance from ball-of-foot to front axle and xgs (the 95th percentile selected seat
position). (Dimensions L31, L104, L114, and L.128 are defined in SAE Recommended
Practice J1100; xg5 was computed given the method in SAE Recommended Practice
Y1517 [Society of Automotive Engineers, 1996].)



Location of the driver eye positions
The means and standard deviations of the sales-weighted distributions of the
predicted driver eye locations are shown in Table 4.

Table 4
Locations of the centroid of the driver eye positions. The main entries are the sales-
weighted means; the entries in parentheses are the standard deviations of the sales-
weighted distributions.

Distance (m)
Dimension Cars Liagn}g ir;;sks
Vertical to ground (ééé) ((l)gé)
Lateral to the center of the vehicle (8?);) (ggg)
Longitudinal to the front of the bumper (ggg) (3%2)




Comparisons with other databases

This study provides 3-D information about the locations of headlamps and driver
eye positions in vehicles currently sold in the U.S. We are aware of relevant prior U.S.
databases only for the vertical component of the driver eye position—the driver eye
height (e.g., Stonex, 1958, Stonex, 1960; Lee, 1960; Meldrum, 1965; Boyd, Littleton,
Boenau, and Pilkinton, 1978; Cunagin and Abrahamson, 1979; MVMA, 1979; Lee and
Scott, 1981; Farber, 1982; Olson, Cleveland, Fancher, Kostyniuk, and Schneider, 1984).
The most recent of these studies (Olson et al., 1984} analytically derived driver eye
heights for the 1981 model cars. The data of Olson et al. indicate that 1.09 m (43 in)
corresponds to the 44th percentile, and 1.12 m (44 in) to the 64th percentile.
Interpolating from this information, it appears that about 1.10 m would correspond to the
50th percentile. This compares well with the mean value for cars in the present study
(1.11 m). Thus, it appears that driver eye heights in the U.S. have remained relatively
stable during the past 15 years.

The mean driver eye height for cars in this study (1.11 m) is somewhat lower than
the mean of the U.K. data of Cobb (1990) (1.14 m) calculated by Sivak et al. (1993) from
Cobb's raw data. The value obtained in the present study for light trucks and vans
(1.42 m) is substantially lower than that for Cobb's data (1.63 m).

Interestingly, Cobb's mean driver eye height for cars (1.14 m) is identical to that
found in an earlier U.K. study (Haslegrave, 1979), suggesting no changes in driver eye
height in the U.K. during the time period between the data collections for these two
studies (1976-1989).

Cobb's U.K. data also include the only prior published information that we know
of on headlamp mounting heights. The mean value for cars (again calculated by Sivak et
al., 1993 from Cobb's raw data) was the same as in the present study—0.62 m. The
corresponding mean values for light trucks and vans were 0.76 m in Cobb and 0.83 m in
the present study.

In conclusion, the current mean vertical component of the location of driver eye
positions for cars in the U.S. appears to be relatively unchanged over the past 15 years,
and it is about 3 cm lower than in the U.K. The mean vertical component of the location
of headlamps on cars is currently the same in the U.S. and the U.K. On the other hand,
because of the absence of other relevant databases, no similar time-trend or cross-
sectional comparisons can be made for the obtained lateral and longitudinal components
of the locations of either driver eye positions or headlamps.
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