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Summary This study evaluated subjects’ impressions of performance of high-intensity discharge (#1D)
headlamps after in-traffic experience, with an emphasis on colour appearance of red stop signs. In the
first of two tasks, subjects drove (or rode) for half an hour on a variety of roads in a car equipped with
either HID or tungsten-halogen low-beam headlamps. Instructions did not mention colour appearance.
The second task involved a direct comparison of HID and tungsten-halogen headlamps. In this task,
subjects drove (or rode) twice along a 7-minute route in a residential area, and they were instructed to
pay attention to the colour appearance of stop signs and other objects. The main finding from Task 1 is
that subjects who experienced HID headlamps did not report more {or fewer) spontaneous negative
comments on colour appearance of stop signs or other objects than did subjects who experienced
tungsten-—-halogen headlamps. Furthermore, the evaluations of the overall performances of the two types
of headlamps were not different. In the direct comparison of Task 2 there was no evidence of problems
with colour appearance when using HID headlamps. Moreover, subjects preferred HID headlamps in
terms of the overall performance, and in making stop signs and other objects stand out from their
background. However, this preference for HID headlamps was present only for subjects who had the
relatively extended exposure to the HID headlamps in Task 1. The present results provide no evidence
for problems with colour appearance of stop signs and other objects when using HID headlamps.
Furthermore, the study provides evidence that observers perceive HID headlamps as helping stop signs
and other objects to stand out from their background. The results imply that given a somewhat
extended exposure to HID headlamps, drivers would prefer them over current tungsten—halogen

headlamps.
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1 Introduction

The development of high-intensity discharge (H1D) head-
lamps (also called gas-discharge headlamps) has raised ques-
tions regarding the colour perception of retroreflective stop
signs. The reason for this concern is that HID light sources, in
comparison to tungsten—halogen light sources, emit propor-
tionally less energy in the long-wavelength end of the visible
spectrum—precisely in the most reflective wavelength region
of the red component of retroreflective stop signs. (In the
United States, stop signs are red with white letters and bor-
ders, and are octagonal in shape.)

As part of our research programme, we performed three pre-
vious studies related to the issue of colour perception when
using HID headlamps. The first, analytical study® evaluated
the colorimetric properties of retroreflective traffic signs
when illuminated by HID headlamps. Two aspects were inves-
tigated: (@) colorimetric shift of individual sign materials
when illuminated by HID as opposed to tungsten—halogen
light sources, and (b) colorimetric separations of the red sign
material from the yellow, orange, and brown sign materials
when illuminated by HID light sources. Spectral reflectances
of 14 sign materials and spectral power distributions of seven
HID headlamps (along with a tungsten—-halogen headlamp)
were used to derive the CIE tristimulus values for the sign
materials. These values were then transformed into the
CIELAB space—a perceptually uniform colour space. The
results of the analyses indicated that the magnitude of the col-
orimetric shift increased with increasing correlated colour
temperature of the light source. The resulting colorimetric
separations of red from yellow, orange, and brown for the HID
light sources also tended to increase with increasing correlat-
ed colour temperature.

The second of our previous studies was a photometry study®,
designed to compare the magnitudes of the shifts in chro-
maticity of stop signs illuminated by HID and tungsten—halo-
gen headlamps relative to the range of chromaticities of stop
signs under tungsten-halogen headlamps. A stratified sample
of 25 stop signs was selected in Ann Arbor, Michigan.
Stratification was by sign material (enclosed, encapsulated,
microprisimy), age (more than five years in service, less than
one year in service), and compass direction faced by the leg-
end side of the sign (north, south). The chromaticities of
these signs were measured in the field under both
tungsten—halogen and HID (D1) illumination. The shifts
between the chromaticities of the signs when they were illu-
minated with the tungsten-halogen and the HID light sources
were in the direction of orange, and they were moderate rela-
tive to the range of chromaticities under the tungsten-halo-
gen source. We concluded that, although the sizes of the
shifts should not be interpreted as indicating a problem with
colour rendering by HID headlamps, they were not small
enough to allow us to dismiss the possibility of a problem.

The third study was a laboratory investigation®, designed to
address experimentally the consequences of colorimetric
shifts of red sign materials in different colorimetric direc-
tions. Subjects were shown individual colour samples under
controlled lighting conditions. Their task was to indicate, on
each trial, whether the sample colour was acceptable for stop
signs. Additionally, at the end of each experimental session,
subjects were asked to select a single, most appropriate colour
for stop signs from among 16 simultaneously presented
colour samples. An implicit assumption underlying this study
was that subjective preference is related to performance; stim-
uli that are closer to the most preferred stimulus lead to better
performance in terms of measures such as percent correct
identification, reaction time, etc. Although direct evidence
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confirming this assumption does not exist, there is some indi-
rect evidence. Stimulus—-response situations that are compati-
ble with population stereotypes lead to shorter reaction times
than situations that are incompatible with population stereo-
types®. There were two main findings of this study. First,
there was an overwhelming agreement among the subjects
concerning the most appropriate red colour for stop signs out
of the 16 colours presented—a saturated red. Second,
observers were differentially sensitive to colorimetric shifts in
different directions from this most appropriate colour. From
among the investigated colorimetric shift directions, subjects
were most sensitive to hue shifts towards orange (generally in
the same direction as the shift that was obtained in the above-
mentioned photometric study of in-use stop signs@), while
they were relatively insensitive to saturation shifts towards
pink.

These three studies suggest that (i) HID headlamps result in
colorimetric shifts of the red stop-sign materials towards
orange, and (ii) observers in a laboratory setting are sensitive
to such shifts, and they prefer the situation under
tungsten-halogen over HID illumination. However, it is not
clear how these findings would influence driver evaluation of
headlamp performance. Consequently, the present study was
designed to investigate the influence of actual driving context
on (1) colour perception using HID and tungsten-halogen
low-beam headlamps, and (2) observer preferences for HID
versus tungsten—halogen headlamps.

2 Tasks

2.1 Task1

The first of two tasks provided in-traffic experience with either
HID or tungsten-halogen headlamps. No specific instructions
concerning the purpose were given prior to this task. The
instructions indicated that subjects would be driving or rid-
ing in a car for about half an hour. They were instructed to
look around as they were driving (or riding), noticing any-
thing that they felt might be different or worth noting.

At the end of the drive, all subjects were asked to fill ourt a
questionnaire containing 16 questions. The questions (see
Table 1) started with general inquiries concerning the perfor-
mance of the headlamps. Progressively, the questions became
more specific concerning colour perception in general, colour
perception of traffic signs, and colour perception of stop signs
and vehicle rear lights. Each page of the questionnaire con-
tained one question, in order to avoid influencing the
responses to early questions by later questions.

The route was 19.4 km long, and it consisted of the following
segments: a four-lane rural divided roadway without limited
access (3.2 km), two-lane residential streets (7.1 km), a two-
lane rural roadway (2.6 km), a four-lane rural limited-access
roadway (3.9 km), and a five-lane suburban non-divided road-
way (2.6 km). Subjects encountered 3 total of 17 stop signs on
this route.

22 Task2

This task involved a direct comparison of HID and
tungsten—halogen headlamps. In this task, subjects drove (or
rode) twice along a short route in a residential area. Prior to
this task, the subjects were instructed to ‘pay attention to how
colours look with these headlamps. We would like you to pay
special attention to the red colour of stop signs.’

The route in this task was 3.9 km long, and it consisted most-
ly of two-lane residential streets. Subjects encountered a total
of seven stop signs on this route. It took subjects about seven
minutes to traverse this route each time.

After completing the two runs of Task 2, subjects were given
a brief questionnaire concerning each of the two headlamp
types (see Table 2).

3 Equipment

Two cars were used as subject vehicles: a 1990 Cadillac Sedan
de Ville, and a 1992 Cadillac Eldorado. Each of the two cars
was equipped with both HID and tungsten-halogen low-beam

Table 1 Questions in Task 1 (All questions, with the exception of questions 9, 10 and 15, used the following five-point

response scale: 1 = very poor, 2 = poor, 3 = fair, 4 = good, 5 = very good.)

Number Question

1 What is your impression concerning the performance of these headlamps?

2 What is your impression concerning the performance of these headlamps on expressways?

3 What is your impression concerning the performance of these headlamps on residential streets?

4 What is your impression concerning the performance of these headlamps on straight sections of road?

5 What is your impression concerning the performance of these headlamps on curved sections of road?

6 How good were the headlamps in helping to detect objects in the distance?

7 How good were the headlamps in making objects 1o stand out from their background?

8 How good were the headlamps in helping you see the colours of objects?

9 Did you notice anything particular about traffic signs? (Yes or No.) If yes, indicate what.

10 Did you notice anything particular about stop signs? (Yes or No.) If yes, indicate what

11 Rate the visibility of stop signs at far distance.

12 Rate how well stop signs stood out from the background.

13 Rare the legibility of stop signs.

14 Rate the quality of the red colour of stop signs.

15 Did you notice anything particular about the brake and tail lights on vehicles ahead of you? (Yes or No.)
If yes, indicate what.

16 Rate the quality of the red colour of brake and tail lights.
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Table 2 Questions in Task 2 (All questions used the following five-point response scale: 1 = very poor, 2 = poor, 3 =

fair, 4 = good, 5 = very good.)

Number Question

1 Rate the overall performance of each lamp type.

2 Rate the performance of each lamp type in making objects in general stand out from their background.
3 Rate the performance of each lamp type in helping you to see the colours of objects in general.

4 Rate the performance of each lamp type in making stop signs stand out from their background.

5 Rate the performance of each lamp type in helping you to see the colour of stop signs.

headlamps. The spectral power distributions for the four HID
lamps were examined and were found to be very similar.
Figure 1 shows the spectral power distributions for one of the
HID lamps, along with a typical distribution for a
tungsten—halogen lamp.

Table 3 Locations of the test points in Figure 2 (U = up, D = down, L =
left, R = right)
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Figure 1 The relative spectral power distributions of a typical
tungsten-halogen headlamp and of one of the four HID headlamps used in
this study. (The power distributions of all four HID headlamps were very sim-
ilar.)

Figure 2 shows the luminous intensity values at 14 test points
(or regions) that evaluate the compliance with the United
States regulations® for all eight headlamps (four
tungsten-halogen and four HID) used in this study. The foca-
tions of the test points are listed in Table 3. A visual inspec-
tion of Figure 2 indicates that the two types of headlamps had
similar light output at these test points. However, the maxi-
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Figure 2 Luminous intensity values at 14 test points (or regions) that evalu-
ate the compliance with the United States Federal Motor Vehicle Safety
Standard 108 for all eight headlamps used in this study. The locations of
these test points are listed in Table 3. The shaded bars represent the tung-
sten—~halogen headlamps and the open bars the HID headlamps.
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mum light output was greater for the HID lamps (ranging
from 29 612 to 32 449 cd for the four lamps) than for the
tungsten—halogen lamps (ranging from 21 105 to 23 477 cd
for the four lamps). Furthermore, the isocandela diagrams
(not shown) revealed that the HID headlamps provided more
lateral-spread illumination (which is not controlled by the
United States or European regulations).

4  Subjects

The same 36 paid subjects participated in both tasks. There
were six males and six females in each of three age groups:
younger (17-30 years of age, mean 23.6); middle-aged (3646
years of age, mean 40.1); and older (60-82 years of age, mean
67.7).

5 Procedure

Three subjects of the same sex and age group were tested at a
time. Males were always tested in the Sedan de Ville (because
this vehicle was somewhat roomier), and they all sat in the
front seat. Females were tested in the Eldorado; because it
had two front bucket seats {rather than a bench seat like the
Sedan de Ville), one of the three females sat in the centre of
the back seat and leaned forward so that her view would be
similar to that from the front centre seat. (One of the younger
females originally scheduled did not arrive for the study.
Consequently, the remaining two younger females who were
scheduled for that time period were run as a driver and a
front-seat passenger, respectively, and a third younger female
was run singly on another night in the cenire rear seat.)

Groups of six subjects were scheduled simultaneously.
However, to keep the two test cars separated, there was a five-
minute delay before the second group of three subjects left for
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the route. Subjects chose among themselves who would drive
and who would sit in the other two positions during the
study. Two groups of six subjects (all from the same age
group) were tested each night. All testing was done in
October 1992 between about an hour after sunset and mld-
night. : ~

In Task 1 each subject travelled the entire route using only

one type of headlamp. For half the subjects in each age-by-sex

group the type was HID, and for the other half it was tung-

sten-halogen. In Task 2 all subjects used both types of head-

lamps. For-all groups ‘of sub;ects, the system that was used 1in
- Task 1 was the first one to be used in Task 2.

After completing the quesnonnalre of Task 1, subyects were
given a short break; Sub)ects were then informed that in Task

2 they would be asked to traverse a different, shorter route
twice using two different headhghtmg systems consecutively,
anid that during these two runs they should pay special atten-
tion to the colour of stop. 51gns and other objects. After these
two runs, a second questionnaire was administered. A
schematic diagram of the. deswn of both tasks is shown in
Figure 3.

An expenmenter was seated in the rear seat of each test vehi-

cle, He instructed the driver concermng the route to be taken

by mdlcaung where to turn. .

Each test sess1on, composed of both tasks, Iasted about 90 -

x:mnutes

6 Results for Task 1

In thxs task sub]ects travelled through an extended route

using either HID or tungsten-halogen low-beam headlamps,
with no specific instructions to pay attention to colour

appearance of stop signs or other objects. Analyses of variance
‘evaluated the différences in responses to the 16 questions in

Table 1. The anaiyses used the followmg as main factors

%‘ ‘TASK 1 - %‘ TASK 2 —=
HD HID Tungsten-

halogen

Tungsten-halogen Tungsien-1* yypy

halogen
i Non-specific ’ o First : Second
instructions: questionnaire, questionnaire
' followed by :
specific
instrizctions

m_————-——-—>

Figure 3 A schematic diagran of the design of both tasks in this study. Half
of the subjects had the sequence of headlamps shown in theupper bar, and
the other half had the sequence shown in the lower bar.

headlamp; age group, and sex. (Preliminary analyses. found
that seatmg position had no effect on responses to any of the
16 quesuons Consequently, the data were co]lapsed across the
three seating positions:)

6.1 Eﬁ“ects of headlamp

The main ﬁndmo is that for none of the 16 questions were the

" differences between the two types of headlamps statistically
, sxgmﬁcant The mean responses are shown in Table 4. Three
“of the questions-asked sub;ects whether they noticed anythmg

- particular about traffic signs (Question 9), stop signs

(Question 10), or brake and tail lights (Question 15). The

- comments to these open-ended questions are summarised in

Table 5. The comments are grouped into four categomes pos-
itive (e.g. brzghter showed up well, easy 10 read), negative (e.g.
word STOP not as obvious, colour bleached out), irrelevant (e.g
they [traffic szgns] had a Vshaped pattern), and none There is

TFable 4 Mean responses by each headlamp type 1o the quesnons in Task 1. Questzons 1—8
11-}4-and 16 used the following f Tve-point response scale: 1 = very poor; 2 = poor, 3 = fair, 4
= good, 5 = very good. Quesuons 9,104and 15 useda yes/no response scale, whu:h in this {able
iscodedas] = yes and 2= no. (T “H= mngsten—halogen, HID = high-intensity dxscharge)

Numbér s Questxon | : i Mean LESponse -
,(fromTablel) F o : LT <HID
e T iz
: 2: kk’, k Pérforn}’anc.:eouegﬁ:e’fs'sways ’ »k Ll 42 42
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4 ) . Performance ou;éitéigh; zfoé‘ds' gy 43 i 39
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© 90 jAnyrhmgpamcuIar Eout trafﬁc sxgns'r’ e “ 16 14 ‘ e
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1‘3 , Legxblhtyof stop gns‘ . i Sr4AL BRK: ¥4
14 e Quahty of the'red colour of stop s1gns 18 ' 38
15 ' Anvthmg parricular about brake and tail lights? 19 20,
16 e Qua‘hty of the red colour of bmke gnd tail hghts 039 . 39
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Table 5

High-intensity discharge headlamps

Summary of comments to the three open-ended questions in Task 1. The entries are percentages, for each

headlamp type, of subjects who fell into each comment-type categorv. Because of rounding, the percentages do not nec-
essarily add up to 100. (T-H = wngsten-halogen, HID = high-intensity discharge)

Number Question Positive Negative Irrelevant No comments
(from Table 1) comments comments comments
T-H HID T-H HID T-H HID T-H HID
9 Dxd.you notice anything_ 3 44 1 6 6 6 36 4
particular about rraffic signs?
10 Did you notice anything 8 56 6 6 10 56 39
particular about stop signs?
Did you notice anything par-
15 ticular about the brakeand tail 6 0 0 0 0 0 94 100
lights on vehicles ahead of you?
no evidence in Table 5 to suggest that the HID headlamps lead 3.0
0 more negarive comunents.
6.2 Effects of age group and sex 4.57
Age group had a staristically significant main effect only on
responses to Question 3 (performance on residential streets),
F(224) = 454, p = 0.021, with middle aged subjects assign- | 4.07
ing more favorable ratings (4.6 on a five-point scale) than .5
older subjects (4.1) and younger subjects (3.5). Sex had a sta- &
tistically significant main effect only on Question 9 (anything 3.5-
particular about traffic signs), £(1,24) = 9.00, p = 0.006, with
males responding ‘yes’ more often than females (67% versus
0,
33%). 304 Prior Headlamps
—o— HID
7  Results for Task 2 —®— Tungsten-halogen
2.5 T T

In this task, subjects travelled through a short route using
both types of headlamp consecutively, with specific instruc-
tions to pay attention to the colour appearance of stop signs
and other objects. The results for each of the five questions in
this task are presented in turn. The main factors in these
analyses of variance were actual headlamps (i.e. headlamps to
be evaluated), prior headlamps (i.e. headlamps used in Task
1), age group, and sex. (Preliminary analyses found that seat-
ing position had no effect on responses to any of the five ques-
tions. Consequently, the data were collapsed across the three
seating positions.) The effects of age group and sex, as well as
the effects of interactions involving these factors, were not
statistically significant for any of the five questions. Thus,
what follows is the presentation of the effects of actual and
prior headlamps.

7.1 Owverall performance of each headlamp type (Question 1)

The effect of actual headlamps was statistically significant,
F(1,24) = 14.67, p = 0.0008, with the HID headlamps rated as
better than the tungsten-halogen headlamps (4.2 versus 3.6
on a five-point scale). The effect of prior headlamps was not
significant; F(1,24) = 2.04, p = 0.166. However, the interac-
tion between the actual and prior headlamps was significant;
F(1,24) = 23.76,p = 0.0001, with the HIDs rated as better than
the tungsten-halogens only by subjects who had the HIDs as
the prior headlamps in Task 1 (see Figure 4).

7.2 Performance of each headlamp type in making objects in gener-
al stand out from their backgrounds (Question 2)

The effect of actual headlamps was statistically significant;
F(1,24) = 16.29, p = 0.0005. with the HiD headlamps rated as
better than the tungsten-halogen headlamps (4.3 versus 3.5).
The effect of prior headlamps was not significant; F(1,24) <

Vol. 26 No. 4 (1994)

Tungsten-halogen HID
Actual Headlamps
Figure 4 The effect of actual and prior headlamps on overall performance.
The ratings used the following five-point scale: 1 = very poor, 2 = poor, 3 =
fair, 4 = good, 5 = very good.

1. The interaction between the actual and prior headlamps
was significant; F(1,24) = 7.48, p = 0.012, with the HIDs rated
as better than the tungsten-halogens primarily by subjects
who had the HIDs as the prior headlamps in Task 1 (see
Figure 5).

7.3 Performance of each headlamp type in helping to see the colours
of objects in general (Question 3)

The effect of actual headlamps was not statistically signifi-
cant; F(1,24) = 2.68, p = 0.114, nor was the effect of prior
headlamps; F(1,24) < 1. The interaction between the actual
and prior headlamps was significant; F(1,24) = 7.00,p =
0.014, with the HiDs rated as better than the tungsten—halo-
gens only by subjects who had the HIDs as the prior head-
lamps in Task 1 (see Figure 6).

7.4 Performance of each headlamp type in making stop signs stand
out from their backgrounds (Question 4)

The effect of actual headlamps was statistically significant;
F(1,24) = 10.87, p = 0.003, with the HID headlamps rated as
better than the tungsten-halogen headlamps (4.4 versus 3.7).
The effect of prior headlamps was not significant; F(1,24) <
1. The interaction between the actual and prior headlamps
was significant; F(1,24) = 6.11,p = 0.021, with the HiDs rated
as better than the tungsten-halogens primarily by subjects
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Figure 5  The effect of actual and prior headlamps on rmaking objects in
general stand out from their backgrounds. The ratings used the following
five-point scale: 1 = very poor, 2 = poor, 3 = fair, 4 = good, 5 = very good.
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Figure 6 The effect of actual and prior headlamps on helping to see the
colours of objects in general. The ratings used the following five-point scale:
1 = very poor, 2 = poor, 3 = fair, 4 = good, 5 = very good.

who had the HIDs as the prior headlamps in Task 1 (see
Figure 7).

7.5 Performance of each headlamp rype in helping to see the
colours of stop signs (Question 5)

The effect of actual headlamps was not statistically signifi-
cant; F{(1,24) = 1.03, p = 0.320, nor was the effect of prior
headlamps; F(1,24) < 1. The interaction between the actual
and prior headlamps was significant; F(1,24) = 7.81,p =
0.010, with the HiDs rated as better than the tungsten-halo-
gens only by subjects who had the HIDs as the prior head-
lamps in Task 1 (see Figure 8).

Table 6 summarises the effects of actual headlamps and prior
headlamps, as well as their interactions on the ratings.
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Figure 7 The effect of actual and prior headlamps on making stop signs
stand out from their backgrounds. The ratings used the following five-point
scale: | = very poor, 2 = poor, 3 = fair, 4 = good, 5 = very good.
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Figure 8 The effect of actual and prior headlamps on helping 10 see the
colours of stop signs. The ratings used the following five-point scale: 1 =
very poor, 2 = poor, 3 = fair, 4 = good, 5 = very good.

8 Conclusions

This study evaluated subjects’ impressions of performance of
HID headlamps after in-traffic experience, with a special
emphasis on colour appearance of stop signs. The same sub-
jects participated in two tasks. In Task 1 the subjects drove
{or rode) 19 km through a variety of roadway environments
using either HID or tungsten-halogen low-beam headlamps.
The instructions to subjects for this task did not mention
colour appearance. Task 2 involved a direct comparison of
HID and tungsten~halogen headlamps. In this task the sub-
jects drove (or rode) twice along a 4 km route in a residential
area, and they were instructed to pay attention to the colour
appearance of stop signs and other objects.

The main finding from Task 1 is that the subjects who expe-
rienced HID headlamps did not report more (or fewer) sponta-
neous negative comments on colour appearance of stop signs

Lighting Research and Technology



Table 6 Summary of the statistical significance (at the 0.05 level) of the effects in Task 2

Number Question Actual headlamps Prior headlamps  Actual headlamps
(frm Table 2) (headlamps in (headlamps in X prior headlamps
Task 2} Task 1)
1 Rate the overall performance Significant Notsignificant  Significant
of each lamp type.
Rate the performance of each lamp type
2 in making objects in general stand out Significant Notsignificant  Significant
from their background.
Rate the performance of each lamp type
3 in helping to see the colours of objects Notsignificant  Notsignificant  Significant
in general.
Rate the performance of each lamp type
4 in making stop signs stand out Significant Not significant  Significant
from their background.
5 Rate the performance of each lamp type Not significant ~ Notsignificant  Significant

in helping to see the colours of stop signs.

or other objects than did the subjects who experienced mng-
sten-halogen headlamps. Furthermore, the evaluations of the
overall performances of the two types of headlamps were not
different.

In the direct comparison of Task 2 there was no evidence of
problems with colour appearance when using HID headlamps.
Moreover, subjects preferred HID headlamps in terms of over-
all performance, in making objects in general stand out from
their background, and in making stop signs stand out from
their background. However, for all three of these aspects there
were statistically significant interactions between the actual
headlamps evaluated and the prior headlamps to which the
subjects were exposed in Task 1. Specifically, the preference
for HID headlamps was present primarily for subjects who had
HID headlamps in Task 1. This finding suggests that a some-
what extended exposure (about 30 minutes/19 km) to HID
headlamps is necessary for the HID preference to develop,
since the 7 minute/4km exposure in Task 2 did not appear to
be sufficient for those subjects who had rungsten-halogen
headlamps in Task 1.

The information in Figure 2 indicates that at the United
States test points the luminous intensity outputs of the HID
headlamps were not substantially different from those of the
tungsten—halogen headlamps. However, the HID headlamps
had higher peak outputs and provided more laterally spread
illumination. Consequently, the obtained differences in rat-
ings between the two types of headlamps could be a conse-
quence of the differences in luminous intensity. An alterna-
tive explanation is the difference in the spectral power distrib-
utions (see Figure 1). It is possible that the spectral power dis-
tribution of the HID headlamps led to increased brightness
contrast and/or colour contrast for certain object/background
combinations. This speculative explanation could account for
the reported advantage of the HiDs in making objects stand
out from their backgrounds, and this, in turn, could have
resulted in the overall preference for the Hips. However, the
present study does not allow us to identify whether the
obtained subjective preferences for HID over tungsten—halo-
gen headlamps are the consequence of differences in light
output or spectral power distribution.

Previous studies found that HID headlamps result in substan-
tial colorimetric shifts®? and that laboratory observers are
sensitive to such shifts®5D. The lack of negative findings in
the present study concerning HID headlamps suggests that the
resultant colorimetric shifts might not be of sufficient magni-
tude to cause a problem in actual driving. However, the pre-
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sent study did not use a performance measure, such as a fre-
quency of missed stop signs; it was based on the assumption
that if a colorimetric shift is large enough to affect perfor-
mance, it will also affect subjective ratings. While this seems
reasonable, it remains an assumption.

In summary, the results of this study provide no evidence of
problems with colour appearance of stop signs and other
objects when using HID headlamps. Furthermore, the study
indicates that observers perceive HID headlamps as helping
stop signs and other objects to stand out from their back-
grounds. Finally, the present results imply that, given a some-
what extended exposure to HID headlamps, drivers would pre-
fer them over current tungsten—halogen headlamps.
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Discussion

R H Simons (Consultant)

These were very well designed experiments in that subjects
were separated according to their age and sex. This means
that there were only six participants in each group which
makes the detection of small differences in preferences or
behaviour difficult. However, no doubt the sensitivity of the
evaluations was sufficient for the purpose.

I have two queries. First, I cannot see any mention of street
lighting. Was this present? If it was I would expect that it
would have some effect on the conspicuity of objects. Second,
Figure 2 indicates that the two types of headlight have very
similar light distributions, yet the text says that the HID lamps
had a maximum light output of about 30 000 c¢d whereas that
of the mungsten-halogen lamps was abour 22 000 cd. These
two statements do not seem compatible. Moreover, Figure 2
indicates the presence of intensities of about 120 000 cd,
which are far greater than the maximum light outputs men-
tioned above. Could the authors please explain this discrepan-
cy? Also, it would be interesting to know the luminous flux
emitted by each type of lamp and the electrical power con-
sumed. Is it possible that the greater spread and possible
greater light output of the HID lamps compensated for any
deficiency in their colour rendering?

Authors’ reply to discussion

We appreciate the discussant’s kind words with regard to the
design of the study. However, we disagree with the comment
that the number of subjects in the smallest subdivision of the
design (six) determines the sensitivity of the experiment with
regard to most questions of interest. It is a basic aspect of fac-
torial designs that the effects that are usually of primary inter-
est (in this case, for example, the main effect of the type of
light source) are estimated by pooling data across the smaller
subdivisions of the design. In general, the total number of
subjects (36 in this case) is more relevant than the number in
the smallest subdivision.
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Because the study was performed on public roads, street light-
ing was present on most sections of the routes. However, we
believe that the presence of street lighting did not unduly
influence the comparisons between the two types of head-
lamps. There are three reasons for this. First, the two types of
lamps were compared on the same routes in both Task 1 and
Task 2, and so any direct influence of street lighting was the
same for the two lamp types. Second, the road lighting
encountered on the route was varied enough to suggest that it
was approximately representative of typical US lighting.
Thus, any effects of street lighting in this study should also be
characteristic of normal driving. Third, the retroreflective
efficiency of retroreflective traffic signs (the objects of prima-
ry interest in this study) decreases rapidly as the observation
angle is increased. The observation angle is the angle formed
by the light source, sign, and the eyes of the observer. That
angle is almost always much smaller for the headlamps than
for other light sources in the driving environment.
Consequently, the light that reaches the driver from retrore-
flective traffic signs is overwhelmingly that originating from
the headlamps.

Figure 2 shows the light output at selected test points — the
test points in the current US regulations. The maximum light
outputs for the eight tested lamps turned out to be from 1.3°
to 1.6° down, and from 2° to 3.9° right. The nearest controlled
test point to the locations of the maxima is at 1.5° down, 2°
right (test point 10, Figure 2). Because this test point does not
coincide with the locations of all eight maxima, the photo-
metric values at this test point only partially reflect the
greater maximum output of the HID lamps.

The discussant is mistaken in stating that ‘Figure 2 indicates
the presence of intensities of about 120 000 cd.” The maxi-
mum value shown in Figure 2 corresponds to 32 449 cd at test
point 10 for one of the HID headlamps. The mistake was prob-
ably due to misinterpreting the labels on the vertical axis of
Figure 2, which are spaced logarithmically. The scale num-
bers on the vertical axis only go up to 100 000 cd, and the
value of the maximum of 32 449 cd is plotted at its correct
location between 30 000 cd and 40 000 cd.

The power consumed for the four tungsten-halogen lamps
ranged from 56 to 57 W, while for the four HID lamps it was
38 W. We do not have information about the luminous flux
emitted.

The discussant is correct in pointing out that in the present
study we cannot completely separate the influence of light
output and spectral power distribution. We have already
acknowledged this in our Conclusions (paragraph 4 of section
8).
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