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Introduction

HID (high-intensity discharge) headlamps are beginning to make inroads on
vehicles sold in the U.S. In comparison with tungsten-halogen headlamps, they produce
more light per unit of energy and have longer life. Furthermore, because they produce more
total light, they have the potential to provide more useful illumination for the driver.

From the safety point of view, there are two general areas in the beam pattern of low
beam headlamps that could use more illumination: the central part of the beam pattern just
below the horizontal (for visibility of distant objects on straight roads), and the peripheral
parts of the beam pattern below horizontal (for visibility of objects and the road on curves
and at intersections). Providing more illumination in the central part of the beam pattern just
below the horizontal is challenging to achieve because of the intensity limitations at adjacent
glare test points and the consequent steep intensity gradients in this part of the beam pattern.
However, the periphery of the beam pattern does not have the constraints imposed by
adjacent glare test points. Thus, it is likely that a substantial portion of the extra available
light in HID lamps will be directed to the periphery, resulting in wider beam patterns. In
turn, wider low beams will increase the visibility of objects on curves and intersections, and
might make lane maintenance less demanding (Sivak, Flannagan, Schoettle, and Mefford,
2002).

The present study was designed to evaluate the first generation of HID low beams
on vehicles in the U.S. by comparing them to current tungsten-halogen low beams. The

analyses involved photometric and functional comparisons of the respective beam patterns.



Method

General approach
We evaluated the beam patterns of the HID and tungsten-halogen lamps by
considering three performance aspects of the headlamps: visibility of pedestrians and road
delineation, glare towards an oncoming driver, and visibility of retroreflective traffic signs.
Each performance aspect was evaluated by calculating the total illuminance from the left and
right headlamps at several points in space representing the locations of pedestrians and road
delineation, the eyes of an oncoming driver, and retroreflective signs. Both straight roads
and constant-radii curves were considered.
The following assumptions were made:
lane width =3.7 m
driver eye height = 1.11 m (Sivak et al., 1996)
driver lateral distance from the lane centerline: 1.85 m (Sivak et al., 1996)
vehicle lane position = center
headlamp mounting height = 0.66 m (Schoettle, Sivak, and Nakata, 2002)
headlamp separation = 1.20 m (Schoettle, Sivak, and Nakata, 2002)
critical part of a pedestrian = feet (thus, the visibility of pedestrians and road
delineation were modeled by the illuminance at the same points on the road
surface)
Table 1 shows the lateral and vertical positions for the investigated performance
aspects. Table 2 lists the distances (the longitudinal positions) that were considered for

each performance aspect.



Table 1

The lateral and vertical positions representing the evaluated performance aspects.

Lateral distance Vertical distance
Performance aspects from the vehicle from the ground
centerline (m) (m)
Visibility of a pedestrian at the right edge line and 1.85 0
visibility of the right edge line +1
Visibility of a pedestrian at the left edge line and 555 0
visibility of the left edge line e
Glare directed towards an oncoming driver -3.35 1.11
Visibility of a right, shoulder-mounted
retroreflective traffic sign +6.15 2.10
Visibility of a center, overhead-mounted 0 6.10
retroreflective traffic sign :
Visibility of a left, shoulder-mounted
retroreflective traffic sign -9.85 2.10

Table 2

The distances considered in evaluating the performance aspects.

Curves
Performance aspect Straight road 80-m radius |240-m radius
(low speed) | (high speed)

Visibility of a pedestrian at the right edge
line and Visibility of the right edge line 20-120m | 20-60m | 40-120m
Visibility of a pedestrian at the left edge line
and visibility of the left edge 20-120m
Glare directed towards an oncoming driver 20-120m 20-60m | 40-120m
Visibility of retroreflective traffic signs 50 -150 m




Lamp samples

The HID sample consisted of 19 low beams produced by 5 lighting companies. All
lamps were for model year 2000 vehicles, and they were designed for various models
produced by 7 vehicle manufacturers for sale in the U.S. The sample included 9 projector
lamps and 10 nonprojector lamps. The photometry of each of the 19 lamps was provided to
us by a single vehicle manufacturer. The present analysis involved using the (unweighted)
median values of each point in the intensity matrix.

The HID photometry data were compared to the market-weighted median data for
the 2000 model year vehicles in the U.S. obtained by Schoettle, Sivak, and Flannagan
(2001). The raw information for the market-weighted medians in Schoettle et al. consisted
of intensity matrices for tungsten-halogen lamps on the 20 best-selling vehicles. All 20
were nonprojector lamps.

The photometry was performed at 12.8 V.



Results

Differences in the beam patterns

Table 3 lists the median (50" percentile) luminous intensities for the HID and
tungsten-halogen lamps. Figure 1 presents the isocandela diagrams corresponding to the
median luminous intensities for the HID and tungsten-halogen lamps.

For each lamp type, we estimated the luminous flux in the area from 45° left to 45°
right, and from 5° down to 7° up by summing up the luminous intensities that were available
in 0.5° steps. The ratio of these sums was 2.07, indicating that in this part of the beam
pattern the luminous flux provided by the HID lamps was 207% of the flux from the
tungsten-halogen lamps. As is evident from Table 3 and Figure 1, the HID lamps produced
more light in all parts of the beam pattern except for a central area near the horizontal, and
an area above the horizontal in the far left periphery. Figure 2 highlights the differences
between the two sets of intensities for the central part of the beam pattern from 7° left to 7°
right, and from 5° down to 7° up.

Figure 3 presents the difference in the combined illuminance on the road surface
from two median HID lamps and two median tungsten-halogen lamps, mounted at the mean
locations for cars currently being sold in the U.S. (Schoettle et al., 2002). As is evident
from Figure 3, the HID lamps delivered more spread illumination (both at near and far
distances), and more foreground illumination. The tungsten-halogen lamps provided more

illumination in a narrow cone straight ahead starting at about 50 m.



bottom entry is the median value for the tungsten-halogen sample. (Test voltage 12.8 V.)

Table 3
Luminous intensities (cd) for the samples representing the low-beam headlamps on model year 2000
vehicles in the U.S. The top entry in each cell is the median value for the HID sample, and the
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Table 3 (continued)
The unshaded cells represent the areas where the HID lamps produced more luminous intensity,
while the shaded cells represent the areas where the tungsten-halogen lamps produced more
luminous intensity.
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Figure 1. Isocandela diagram of the median luminous intensities for the HID lamps (top
panel) and for the tungsten-halogen lamps (bottom panel).
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Figure 2. Differences between the median HID and the median tungsten-halogen luminous
intensities in the central part of the two beam patterns. The blue colors indicate the areas
where the HID intensities are greater than the tungsten-halogen intensities. Conversely, the
red colors indicate the areas where the tungsten-halogen intensities are greater than the HID
intensities.




100

90

80

70

60

40

Longitudinal distance from headlamps (m)

30

20

10

No data

\ \ \ \ \
-20 -10 0 10 20

Left Right
Lateral distance from vehicle centerline (m)

Figure 3. The difference in the combined illuminance (in vertical lux) on the road surface
from two HID lamps and two tungsten-halogen lamps. The positive values favor HID
lamps, while the negative values favor tungsten-halogen lamps. (Headlamp mounting
height: 0.66 m, headlamp separation: 1.20 m.)
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Visibility of pedestrians and road marking on straight roads

Figures 4 and 5 present the combined illuminance from two HID lamps and two
tungsten-halogen lamps on the surface of a straight road as an index of visibility of
pedestrians and road delineation. Figure 4 is for the illuminance at the right edge line of the
lane of travel, while Figure 5 is for the left edge line of the left adjacent lane.

On the right side (see Figure 4), the HID lamps provided more illuminance at
distances up to about 60 m, while the tungsten-halogen lamps provided more illuminance at
longer distances.  On the left side (see Figure 5), the HID lamps delivered more
illuminance at all distances tested, with the difference being especially pronounced at near
distances.

Figure 6 examines the situation for the right side in more detail, by comparing the
performance of the tungsten-halogen lamps to the projector HID lamps (with steeper
vertical gradients) and the nonprojector HID lamps (with less steep vertical gradients). At
these locations, which are strongly affected by the vertical gradients between upper (glare)
and lower (seeing) parts of the beam pattern, the comparison between HID and tungsten-
halogen lamps was different for projector and nonprojector HID lamps. The data in
Figure 6 indicate that, at all distances tested, the projector HID lamps consistently provided

more illuminance, while the nonprojector lamps did so only at shorter distances.
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Figure 4. The combined illuminance from the left and right lamps on the right edge line of

the lane of travel on a straight road (HID = high-intensity discharge, TH = tungsten
halogen).
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Figure 5. The combined illuminance from the left and right lamps on the left edge line of
the left adjacent lane on a straight road.
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Figure 6. The combined illuminance from the left and right lamps on the right edge line of
the lane of travel on a straight road by the type of HID lamp. (Compare with Figure 4.)
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Glare on straight roads
At all intervehicular distances, the illuminance from the HID lamps was less than the

illuminance from the tungsten-halogen lamps (see Figure 7).
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Figure 7. The combined illuminance from the left and right lamps reaching the eyes of an
oncoming driver in the left adjacent lane on a straight road.

Visibility of pedestrians and road marking on curves

The illuminances from the two types of lamps for the visibility of pedestrians and
road markings on short-radius (80-m) curves are compared in Figure 8 for a right curve,
and in Figure 9 for a left curve. Analogous comparisons on long-radius (240-m) curves are
shown in Figures 10 and 11. In virtually all combinations of radius of curve, direction of
curve, and distance, the HID lamps provided substantially more illuminance than did the

tungsten-halogen lamps.

Glare on curves

The illuminances at the eyes of an oncoming driver are compared in Figures 12
through 15 for all combinations of radius and direction of curve. For both left curves, the
HID lamps provided less illuminance than did the tungsten-halogen lamps, with the
difference especially pronounced on the longer-radius curve. For both right curves, the
HID lamps produced more illuminance at all but the shortest distances tested (at 20 m for
the 80-m-radius curve, and at 40 m for the 240-m-radius curve). The differences between

the lamp types were greater for the longer-radius curves.
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Figure 8. The combined illuminance from the left and right lamps on the right edge line of
the lane of travel on a right curve with a radius of 80 m.
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Figure 9. The combined illuminance from the left and right lamps on the right edge line of
the lane of travel on a left curve with a radius of 80 m.
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Figure 10. The combined illuminance from the left and right lamps on the right edge line of
the lane of travel on a right curve with a radius of 240 m.
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Figure 11. The combined illuminance from the left and right lamps on the right edge line of
the lane of travel on a left curve with a radius of 240 m.
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Figure 12. The combined illuminance from the left and right lamps reaching the eyes of an
oncoming driver on a right curve with a radius of 80 m.
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Figure 13. The combined illuminance from the left and right lamps reaching the eyes of an
oncoming driver on a left curve with a radius of 80 m.
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Figure 14. The combined illuminance from the left and right lamps reaching the eyes of an
oncoming driver on a right curve with a radius of 240 m.
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Figure 15. The combined illuminance from the left and right lamps reaching the eyes of an
oncoming driver on a left curve with a radius of 240 m.
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Visibility of retroreflective traffic signs on straight roads

The illuminance on a right, shoulder-mounted sign (see Figure 16) was
approximately the same for the two headlamp types. For a center, overhead-mounted sign
(see Figure 17), the HID lamps provided more illuminance than did the tungsten-halogen
lamps at near distances, while the situation was reversed at longer distances. Finally, for a
left, shoulder-mounted sign (see Figure 18), at all tested distances the illuminance was

greater from the tungsten-halogen lamps than from the HID lamps.
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Figure 16. The combined illuminance from the left and right lamps on the right, shoulder-
mounted sign on a straight road.

18



1.00
—6—HID
—e—TH

5=

=]

(0]

€ 0.10 -

£ 0.

=

£

=

0-01 T T T T T
25 50 75 100 125 150 175

Distance (m)

Figures 17. The combined illuminance from the left and right lamps on the center,
overhead-mounted sign on a straight road.
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Figure 18. The combined illuminance from the left and right lamps on the left, shoulder-
mounted sign on a straight road.



Discussion

The first generation of HID low beams in the U.S., in comparison to the tungsten-
halogen lamps of the same vintage, delivered a wider beam pattern, more foreground
illumination, and more illumination at relatively large up angles. Furthermore, the projector
HID lamps provided more light in the central part of the beam pattern just below the
horizontal, although that was not the case for the nonprojector HID lamps.

Specific analyses of the illuminance at the right edge line of the lane of travel on
curves of two radii (80 m and 240 m) indicate a substantial advantage of HID lamps for
both right and left curves. This difference should result in improved visibility on curves of
pedestrians and other relevant objects with HID lamps. Furthermore, more light on road
delineation with HID lamps may make lane maintenance less demanding (Sivak, Flannagan,
Schoettle, and Mefford, 2002).

On the left curves, the increased seeing illuminance with HID lamps was
accompanied with less glare illuminance towards oncoming drivers—the best of both
worlds. However, on right curves there was an increase in glare with HID lamps.

On straight roads, the projector HID lamps delivered more illuminance for
pedestrians and road delineation on the right side of the road, but the opposite was the case
at longer distances for the nonprojector HID lamps. HID lamps as a group delivered more
illuminance for the left-side pedestrians and road delineation on straight roads, and this is
predicted to lead to better visibility of left-side pedestrians and delineation.

The illuminance for retroreflective traffic signs was evaluated at three sign positions
on a straight roadway: right, shoulder-mounted; center, overhead-mounted; and left,
shoulder-mounted. The two types of lamps produced similar illuminances at the right sign
throughout the range of distances tested. At the center sign, near distances favored the HID
lamps, while the situation was reversed at longer distances. Finally, for the left sign, the
illuminances from the HID lamps were consistently less than those from the tungsten-

halogen lamps.
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Conclusions and Recommendations

HID lamps produce more light than do tungsten-halogen lamps. Consequently,
they hold great promise for improving the nighttime safety of driving by improving the low-
beam light distribution. The present analysis indicates that this promise has already been
partially met in the first generation of HID lamps on vehicles in the U.S. Specifically, the
HID lamps tended to provide wider beam patterns than did the tungsten-halogen lamps,
which, in turn, should improve the visibility of pedestrians on curves and may make the
lane-maintenance task less demanding. On right curves, there was an increase in glare
illumination towards oncoming drivers, while on left curves there was a decrease in glare
illumination.

On straight roads, the HID lamps produced more illumination for pedestrians and
road delineation on the left side of the road. This was also the case for the right side of the
road, but only for projector HID lamps; the nonprojector lamps produced less illumination
than did the tungsten-halogen lamps. Finally, on straight roads HID lamps produced less

glare for oncoming drivers than did the tungsten-halogen lamps.
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