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1. SCOPE

The primary purpose of vehicle forward lighting is not to see the world but to see the road! In their simplest form,
headlights help drivers negotiate a safe path on the road. They do this by lighting the roadway according to (a multitude
of) specific standards.

For decades, discussions concerning the niceties of illuminating potential obstacles in the roadway were little more than
an academic pursuit as there simply were not sufficient lumens available from filament light sources to achieve all of the
desired tasks no matter how worthy they might be. Not unexpectedly, the technology has evolved with the introduction of
high output metal-halide sources, multi-task standards combined with multilevel lighting devices and discrete LED sources
offering high luminous efficiencies and the means to deliver the light where it can be most useful. The question now

becomes one of determining where the available light should be directed

Every standard advi
the question of how

sory group, industry, manufacturer and every driver might have their particular
best to illuminate the road, but few would disagree that a single, vulnerable
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exist literally anywh
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favorite approach to
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ortunately, they can
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d Flannagan (2001), Kosmatka (2003) and Sullivan (2007)-has demonstrated t

e fatality rate (2300

pbility (twice as many left-crossing than right-crossing)-ef.pedestrians in the roadway. This could lead
t it is necessary to put more lumens in the opposing lane (left) side of the roadwpy. However, this is
ne hard questions are how much light, where on the.left and how can this be achigved?

rn, by its nature, is a compromise between(the need to provide adequate illu
while minimizing the effects of glare to oncoming road users. This means that

ination of the road
any study to identify

low beam to achieve better pedestrian-visibility must respect the balance betwgen the needs of the

b other road users.

hches to reduce pedestrian fatalities are being pursued it is clear that the effective
nt role. As noted earlier, the(performance of the low beam light distribution h3

introduction of new headlamp technologies and more efficient light sources. However, the compromis

adequate forward illy

With research findin
areas in the road sc
upon mitigating the
1.1 Purpose

The SAE Pedestrian

mination while minimizing the effects of glare to the other road users remains a ¢
s providing a clearer indication of the nature of the collisions with pedestrians 4

ene it is now appropriate to review the requirements of the low beam headlamp
edestrian fatalities.

Visibility taskforce was established in 2005 with the following objectives:

ness of headlighting
s improved with the
e between providing
pnstraint.

nd identifying critical
system with a focus

[ )
based upon real

accident data.

including low cost solutions applicable to the developing world.

Identify the critical areas of the road scene from the pedestrian collision perspective using results of recent research

Review the effectiveness of current low beam headlamp systems and identify areas of improvement.

Identify opportunities to improve the low beam that could be introduced across a wide range of headlamp systems

This report documents the work of the SAE Pedestrian Visibility taskforce. The recommendations are available for further
development by appropriate committees for upgrading lighting standards. Additionally, these recommendations are
suitable for incorporation into New Car Assessment Programs (NCAP) where the relative performance of headlighting
systems are evaluated against clearly defined criteria.


https://saenorm.com/api/?name=59274c8878c805ddc11c8bbe73c65fc7

SAE

J2829 Issued FEB2009

Page 4 of 39

2. REFERENCES

2.1

Applicable Publications

The following publications form a part of this specification to the extent specified herein.

Flannagan, M.J., Sivak, M., Sullivan, J.M., Kosmatka, W.J.,

Moore D.W., Rumar, K. (2002),

Specification of a

Headlighting rating system, (Report, November 2002), Ann Arbor: University of Michigan Transportation Research

Institute

Kosmatka, W.J.,
Progress i
University o

Kosmatka, W.J, R

attunde, R,

Technology, September 2003 V

(2005) Application of the Uniform Detection Characteristic) (UD

(2003) D/fferences /n Detectlon of Movmg Pedestr/ans Attributable to Beam Patterns and Speeds,
3 3 3 Fermany;

Darmstadt

C), 6" International

Symposium [on Automotive Lighting (ISAL), p544-558, Darmstadt Technical University; September 27, 28, 2005

Kosmatka, W.J., (20

Kosmatka, WJ. (20(
Vehicle Ligh

Kosmatka, WJ, (20(
Paper 2006-

Kosmatka, WJ, (20(
Internationa

September 2

P6) SAE Pedestrian Visibility Task Force Minutes, 9 December 2004, Southfield N

D6), UDC — The Uniform Detection Characteristic Locus for Detection of Roagd
ing, (SAE Technical Paper 2006-04-0948), March 2006

D6) Vehicle Lighting Improvements to Enhance Nighttime Visibility of Pedestrigns

04-0949), March 2006

7) Improved Pedestrian Visibility Potential M/ith Modified Headlamp Left-side L
Symposium on Automotive Lighting, Darmstadt Germany; Darmstadt Unive
5,26, 2007

Rice, LM (2003) Headlamp Passing Beams and Pedestrian Safety, 5th International Symposium on

Darmstadt QG

Sivak, Flannagan,
PATTERNS
Transportati

Sivak, Flannagan,

PATTERNS

Transportati

Sivak, Flannagan,
THE U.S. (1

ermany; Darmstadt University-of Technology, September 23,24, 2003

Koima, Traube (1997) A \MARKET WEIGHTED DESCRIPTION OF LOW-BE/

IN THE U.S., (Technical Report No. UMTRI-97-37), Ann Arbor: The Un
bn Institute
Schoettle (2000)" A MARKET WEIGHTED DESCRIPTION OF LOW-BEA
IN EUROPE,-(Technical Report No. UMTRI-2000-36), Ann Arbor: The Un
bn Institute

Ychoettle, Nakata (2002) PERFORMANCE OF THE FIRST GENERATION OF H

[eChhical Report UMTRI-2002-14), Ann Arbor: The University of Michigan Transy

1

way Obstacles with

, (SAE Technical

ight Distribution, 7th
sity of Technology,

Automotive Lighting,

M HEADLIGHTING
versity of Michigan

M HEADLIGHTING
iversity of Michigan

ID HEADLAMPS IN
ortation Institute

Sullivan, J.M. and Flannagan, M.J. (2001), Characteristics of pedestrian benefit of adaptive headlighting using crash
databases, (Technical Report UMTRI-2001-33) Ann Arbor: University of Michigan Transportation Research

Institute.

GRE Informal Documents from the AFS Group: TRANS-WP29-GRE-48-inf28e and TRANS-WP29-GRE-48-inf30e
(http://www.unece.org/trans/main/wp29/wp29wgs/wp29gre/infpape_48.htmi)

Sullivan, J.M. and Flannagan, M.J. (1999), Assessing the Potential Benefit of Adaptive Headlighting Using Crash
Databases (Technical Report UMTRI-99-21) Ann Arbor: University of Michigan Transportation Research Institute

Sullivan, J.M. and Flannagan, M.J. (2001), Characteristics of Pedestrian Risk in Darkness, (Technical Report UMTRI-

2001-33) An

n Arbor: University of Michigan Transportation Research Institute


https://saenorm.com/api/?name=59274c8878c805ddc11c8bbe73c65fc7

SAE

J2829 Issued FEB2009

Page 5 of 39

Rumar, K (2001) A Worldwide Perspective on Future Automobile Lighting (Technical Report UMTRI-2001-35) Ann Arbor:
University of Michigan Transportation Research Institute

Sullivan, J.M. and Flannagan, M.J. (2006), Implications of Fatal and Nonfatal Crashes for Adaptive Headlighting
(Technical Report UMTRI-2006-1) Ann Arbor: University of Michigan Transportation Research Institute

Sullivan, J.M. and Flannagan, M.J. (2007), Characteristics of Nighttime Pedestrian Crashes: Implications for Headlighting
(Technical Report No. UMTRI-2007-3) Ann Arbor: University of Michigan Transportation Research Institute

Damasky, J (1995) Anforderungen an Kraftfahrzeugscheinwerfer, Thesis D17, TU Darmstadt, 1995

Hendrik Schabe, Dr

Erank Schierae (2007) ISAL Svmnosium-2007 Paner A1 1 D _Investiaation o
T 7 PARM it g g

the influence of car

lighting on n
NHTSA Nighttime G
3. AREAS OF THHE

In their report “UM]
Sullivan and Flanng
concluded that:
a. Prior pedestrian
crashes. The hi
highest proportic
crashes occurre
4.7% in light).

With respect to
darkness (68.59
suggested that
also, on averag
low-beam head|
the dark.

In daylight, turn
suggested that ¢
are more vehicl
monitoring the w

With respect to
and darkness. T

ght-time accidents in Germany
are and Driving Performance (2007), Congressional Report
ROAD SCENE HAVING THE HIGHEST RISK OF COLLISION WITH PEDESTR

[RI 2007-03 — Characteristics of Night-time Pedestrian Crashes — Implicatior
gan analyzed the 2003 MDOT crash dataset of single-pédestrian, single veh

actions involving road crossings either at intersections or at non intersections ma
hhest proportion of crashes in darkness occurred at non intersections (30.7%),
n of pedestrian crashes occurred at intersections’(36.2%). It was also found tha
d in darkness involving pedestrians walkinglin the roadway in the direction of

the prior vehicle actions, most pedestrian collisions occur with a vehicle go
) and in daylight (50.8%), with darkness having a proportionally higher share of t
he higher outcome in darkness_is’likely to be related to the fact that vehicles tn
, be traveling at a higher spéed than turning vehicles. With the limited forward
bmps, any travel condition\that permits a higher travel speed is also likely to incrg

ing maneuvers were found to account for proportionally more crashes than
ne explanation.for’this is that turning to merge into traffic is more challenging in

ANS

s for Headlighting”,
icle collisions. They

de up the majority of
while in daylight the
proportionally more
traffic (9.6% versus

ng straight, both in
hese crashes. It was
aveling straight may
preview provided by
ase the crash risk in

in darkness. It was
daylight, when there

ps on the road-and gaps in traffic are less abundant. A driver’s attention may e drawn away from

hereabouts\of pedestrians, increasing the potential of a pedestrian collision.

the roadway environment, most pedestrian crashes occurred on straight roadw
his-is not surprising as straight roadways are plentiful and exposure is likely to

ays both in daylight
be high. However it

thnot _thara ora A~ rhaonalli, _paara adacteiaon oracbhac in Aorlenaca thon H=Y

was also found

. a
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daylight on straight

roadways. In as much as straight roadways are conducive to high speed, as mentioned earlier, risk in darkness is
likely to be elevated.

Neither road class nor traffic way configuration interacted with ambient light level. The latter result was considered to

be especially surprising given that glare from oncoming traffic can be expected to be worse on roadways with limited
two-way traffic separation in darkness. Perhaps reduced traffic density during periods of darkness also reduces the
amount of glare from opposing traffic, offsetting any effect of road class or configuration.

Nearly half of all pedestrian-vehicle crashes occur on 2-lane roadways, regardless of light condition. However, it also

appears that 5-lane roadways present a special problem in darkness that may be related both to travel speed and

insufficient illumi

nation of the center lane.
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Wet road conditions and rain involved proportionally more pedestrian crashes in darkness than in daylight. This may
be caused by a variety of factors that affect visibility (roadway surface reflectance multiplies the number of potential
glare sources, negative contrast is lost and lane markings disappear on a wet roadway, and water droplets on
windshields may obscure the forward view) as well as reduced driver expectation to see pedestrians on the roadway
during bad weather.

Results derived from the examination of geometric details recovered from the diagrams and narrative content
contained in police reports suggest that there is valuable supplemental information in these reports that can go
beyond the information captured in the conventional crash data tables. For example, from the perspective of whether
an approaching driver may have seen a pedestrian before a collision, it may be less important to identify whether the
collision occurred while a turn was being executed than to identify whether a turn was executed any time in the
several seconds _preceding the collision. It is similarly important, from the perspective of vehicle lighting, to establish
geometric relatignships between pedestrians and vehicles using a vehicle-centric reference bapis. Thus, it is more

important to kng
party’s absolute
left-turn pedestri
consistent with |
for pedestrians ¢
perhaps becaus
merge with oncd
victims.

These conclusions
performance of the |

4. CALCULATION

Kosmatka (2003) s
approximate angle d
tangent of the ratio

constant angle of 4
velocities. At lesse
near or at the lane d

In order to be relevd
the left side of a veh
and address behavi
rational behavior.

In the discussion th4
can be done on the |

rossing in front of vehicles traveling straight. No such pattern was)apparent for r
e driver attention is normally directed to the left, regardless of light condition,
ming traffic. In this case, pedestrians approaching from the right’side of the road

vere used as the main motivation for the subsequent activity of the taskforce th
eft side of the beam pattern to be the target for further study and improvement.

OF REQUIREMENTS FOR DETECTION DISFPANCE AND ILLUMINANCE

Iggested that for a pedestrian moving.:at a constant velocity and a vehicle g
f the pedestrian to the potential contact point on the vehicle remains constant 3
bf the two velocities. Assuming a given a velocity of 1.3 m/sec for the pedestria
pproach lies in the range of approximately 3 to 6 degrees left for a reasona
angles, pedestrian detectioncoccurs too late. The critical area for detection is

vider.

nt at more extreme angles, at-risk pedestrians must either be moving at a high
cle at the very lastimoment before impact. Rather than confound already compli
br modes that appéar to be extreme, efforts were concentrated on nominal pe

t follows.it-was decided to concentrate on opposing lane (left side) light levels, r
eft side of the beam is more readily achievable on the right).

4.1

llluminance Requirements

w that a pedestrian is crossing in front of a vehicle from the left or right diréctiop than to know each
heading. When pedestrian location was recast in this manner, a consistent-pattern was found in the
an-vehicle collisions that suggest the visibility of pedestrians is poorer gn_the left|side of the roadway,
ow-beam light distribution. A similar, although not statistically significant, pattern was also observed

ght-turning vehicles,
when attempting to
vay are the principal

at identified that the

oing the same, the
nd is simply the arc
N, the (more-or-less)
ble range of vehicle
n the opposing lane

Epeed or must reach
cated circumstances
Jestrian speeds and

bcognizing that what

It has long been alleged, and correctly, that bringing a fast moving vehicle to a stop short of many nighttime roadway
obstacles is difficult, and frequently impossible, with contemporary headlamp illumination patterns and with the light

available.

Given certain assumptions such as lamp aim, glare restrictions and obstacle reflectance factors, this is

particularly true for left-approaching pedestrians walking in the glare-controlled left side of the roadway and wearing dark

clothing.

Kosmatka (2006 - SAE Technical Paper 2006-04-0949), looked at an alternative, assuming that early detection will allow
the driver to slow the vehicle and will give the pedestrian time to escape by walking beyond the vehicle’s path. The
temporal bonus, owing to early detection of a crossing pedestrian, reduces the detection distance requirement. There are

illumination conflicts

with the glare-controlled left zone.
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The table in Figure 1, taken from Kosmatka (2006 - SAE Technical Paper 2006-04-0949), demonstrates the differences
between the assumptions of stopping to avoid a collision and beginning to slow early enough to allow the pedestrian to
clear the vehicle path. At higher speeds the effects of “slowing” versus “stopping” the vehicle are evident.

Detection distance
(m) required for
slowing (avoidance) | Detection distance (m) | Headlamp Lateral location of
maneuver (1.1 sec. required for stopping illumination required visual centroid at an
Speed driver reaction vehicle (1.1 sec. driver | (cd) for “slowing” (10% | elevation 25 cm
mph/kph delay) reaction delay) reflectance factor) (degrees)
30/48 26 28 2000 0.88D — 5.8L
40/64 39 43 3800 0.59D — 4.3L
50/80 54 61 7500 042D _ 34l
60/96 69 82 14000 0.33D — 2.9
70/112 85 106 27000 0.27D —2:5L
FIGURE 1 - ILLUMINATION REQUIREMENT FOR AN ASSUMED “EXPECTANT” DRIVER

This “slow and avoid’ news, overall, is good, at least better than the old “stop the vehicle’ news:

At 64 kph (40 mph)
Even for left side pe

there is little if any concern about illumination sufficiency on‘the right side of mos
lestrians the light level is a fiat accompli for some high lumen output systems.

headlamp systems.

At 80 kph (50 mph)
left, a centroid locati

7500 cd at 3.4 degrees can be achieved on the right berm by many contemporary systems. On the
bn at 0.42 degrees down is The Significant Issue.

For the 96 kph (6(
achievable. On the

Contributing to this
These include most
of addressing distar
predictable absence

The task force cong
drivers see and rea
vehicle does not (ca

Furthermore, it was
headlamp systems,
common roadway s(

Ct at a distance sufficient to allow a moving pedestrian to clear a slowing vehig
nnot) stop within thatdetection distance.

mph) assumption, a light level from two.light sources of 14 000 cd at about
eft side, the issue of a centroid location, at 0:33 degrees down, looms large.

partial victory are assumptions about the highways on which we do not expe
f not all high-speed roads such as(limited-access highways and turnpikes. The ¢
ces attributed to the 112 kph~(Z0'mph) vehicle speed can (mercifully) be disre
of pedestrians.

luded that for reasonable vehicle speeds it is technically possible to produce

the task force's decision to adopt a benchmark “minimum” distance. For the pu

2.9 degrees right is

ct pedestrian traffic.
aunting implications
jarded owing to the

ight levels that help
e’s path even if the

poses of comparing

a minimum) detection distance of 40 m was selected. This is reasonable in that it addresses two

eeds, 48-and 64 kph (30 and 40 mph), where pedestrian traffic is not only possib

e but likely.

4.2 Exactly Where

Do,We Direct the Light?

Emphasis on the requirement to illuminate “the road” gave rise to standards that were based on points and zones on the
roadway itself. These did not take account of the vehicle-specific installation parameters. In addition, glare-averse drivers
encouraged glare-averse standards that emphasized repression of light directed above the roadway-based points or

zZones.

This, amalgamated, adversarial-needs approach to road scene illumination does not readily lend itself to providing
illumination for detecting obstacles “on” the roadway. In this case “on” (almost) always dictates a visual centroid above
the road surface and this is where the conflict is seated.

In order to see an obstacle on the roadway at night with a headlight system the obstacle must be illuminated. Some
significant portion of the obstacle must be illuminated sufficiently to cause visual brightness in excess of the driver's
luminance threshold.
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As the retinal image enlarges greater numbers of light sensing cells are stimulated. The visual “system” receives stronger
signals (from more cells) and responds more readily to the visual stimulus. We all have experience the visual effect of
“size”— we know it is easier to discern a gray cat than a gray mouse — and attribute this to their relative size.

In order to estimate the (average) illumination of the visually relevant area of the pedestrian we must select a visual
centroid location representing the average of the area’s luminance. The centroid of a roadway obstacle is elevated above
road plane as an attribute of visual area.

As a basis for the values shown in Figure 1, the “visual centroid’ of the pedestrian was chosen to be located 25 cm above
the ground plane. This was based on well-reasoned recommendations from the University of Michigan Transportation
Research Institute (Flannagan et al, 2002). For a generic obstacle, 25 cm is a rational value and it is also reasonable for

an opposing lane pe

destrian

Unfortunately, this (
producing elevated i

This is most appare
dictate points close t
clearly incompatible

4.3 Ways to Achig

The fundamental qu
lane drivers, is THE

In order to see more
improvement is des
added pedestrian illy
was explored in a pg

Kosmatka’s calculat
by the University of
et al, 2002).

Since the results arg
the current state-of-
the individual lamp &
result.

bnd any “seeing” point above the ground plane) will be in conflict with glare-zo
luminance levels on left-side obstacles will have a higher probability of provoking

nt in the data in Figure 1 for the “60/96” case. Elevating a target-point above
with left-side-glare-zone limits.
ve the Required Obstacle llluminance

estion of how to illuminate the roadway or roadway’ obstacles, while minimizin
key conflict in forward illumination specifications.

by means of headlamp illumination, additionablight will be required at the locatig
red. In order to explore the distance improvement as a function of illuminanc
mination by moving the left-side light (the*cutoff) upward. A similar method, a “fl
per presented at the 2003 PAL symposium (Rice, 2003).

ons for an expectant driver shown in Figure 2 used “weighted-average” beam p
Michigan (UMTRI, Sivak, Flannagan et al, 1997, Sivak, Flannagan et al, 2000 a

based on weighted-average data of multiple lamps, the numbers should not be if
he-art. “Averaged®.data reduces the gradient in the cutoff zone due to small dij
im and cutoff gradients. The effects of the beam shift that are shown in the table

he limits. A system
glare complaints.

he road surface will

o the H-H line. The illumination requirement in combination with.thevertical locafion of the centroid is

j glare for opposing

n where the visibility
e, Kosmatka (2007)
attop” beam pattern,

pttern data collected
nd Sivak, Flannagan

terpreted to indicate
Screte differences of
are diminished as a

Light Upward-shift Detection Distance (m) for Expectant Drivers
Source of left light Vehicle Velocity (mph/kph)
Type (degrees) 40/64 50/80 60/96
0 40 43 45
9007 0.2 45 48 50
SAE Beam 0.4 49 53 55
0.6 54 57 60
0 36 37 37
H4 & H7 0.2 42 44 44
ECE Beam 0.4 48 51 52
0.6 54 57 59
0 43 46 45
HID 0.2 51 54 53
SAE Beam 0.4 59 62 62
0.6 66 68 68

FIGURE 2 - DETECTION DISTANCE PREDICTED FOR LEFT-APPROACHING
PEDESTRIANS FOR UPWARD SHIFTS OF LEFT-SIDE LIGHT
(REFLECTANCE FACTOR: 10%, PEDESTRIAN CROSSING FROM THE
LEFT AT 1.3 M/S, 1.1 SEC. DRIVER REACTION DELAY)
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The numbers in the shaded areas meet the detection distances in Figure 1.
5. THE EFFECTS OF GLARE AND THE NEED FOR ADEQUATE ILLUMINATION

When establishing the terms of reference of the taskforce it was acknowledged that any study to define how to improve
the illumination of the road scene would have to include an assessment of the glare implications. This is an extremely
complex question as glare is a cause of discomfort and diminishes the forward visibility. In the specific case of pedestrians
the effects of the illumination from opposing headlamps will depend upon the levels of glare being generated. Arguably
the illumination of the road scene by the opposing headlamps can improve the visibility of a pedestrian under conditions of
controlled glare from low beam headlamps but increasing glare levels will detract from this benefit by reducing the
observer’s forward vision. In view of this it was decided to limit this study to consider the potential of a headlamp system

to cause discomfort

and to nggpc‘r minimum \/iqihili’ry rpquirpmpnte in the case of no nppncing glnrp

Various methods w|
technical committee
situations on norma
ellipse a statistical d

A detailed descriptig
provide a weighted
illuminance calculati
evaluation of lightin
luminous flux in the

6. LIGHTING SYS]

6.1 Evaluation of |
Kosmatka (2006 - S
at which a roadway
Detection Charactern
characteristics woulg
approaching from th
pedestrian moving f
the distance at whic

bre considered and it was decided to adopt the procedure being develeped
This method is based upon the findings of Damasky(1995) that show-that the
two lane roads occur within an ellipse approximately 9 degrees widerand 1 ded
stribution of the probability of occurrence of the oncoming driver’s eyes can be de

value of the luminous flux in the defined glare zone and“can be used in
bns described in 6.1. Further work is required to develop guidelines to be used d
g systems in terms of minimum requirements for illuminance and maximum
jlare zone.

[EM EVALUATION
[luminance — The Uniform Detection Characteristic (UDC) Locus

AE Technical Paper 2006-04-0948) déscribes an extension of the algorithm for d
obstacle would likely become discernible when illuminated by a headlamp sy

istic (UDC) Locus is the circumscribed area ahead of a vehicle at which an oh
meet the luminance criteria.for'detection. Figure 3, representing a moving obsta

e left side of the vehicle shows the plan view of a roadway on which a vehi
m the left. The time-line, defined by the ratio of the two velocities, intersects the
the detection criteriazare met.

in the CIE TC4-45
majority of meeting
ree high. Within this
rived.

n of the method used to determine the glare effects is given below in 6.2. The values calculated

conjunction with the
Liring the design and
values of weighted

efining the threshold
stem. The Uniform
stacle with selected
cle and a pedestrian
le is approaching a
UDC locus. This is

Time-Line Slope = Vp / Vv

/

P

Detection Distance

h ﬂ
— ~ —
~
%
D. ~ Ve

UDC Locus (pedestrian)

v .:>:]

-
-_—
-—
p—_—
—_————

FIGURE 3


https://saenorm.com/api/?name=59274c8878c805ddc11c8bbe73c65fc7

SAE J2829 Issued FEB2009 Page 10 of 39

Based on Kosmatka's calculation methodology, a software tool has been developed (Kosmatka and Rattunde, 2005) to
calculate the UDC locus for a vehicle equipped with the user’s selection of forward lighting devices. Using measured
luminous intensity data for any number of discrete devices and vehicle mounting parameters, the software will determine
the illuminance distribution at a vertical plane selected to represent the most prominent portion of the obstacle. The UDC
locus is calculated based on the reference plane illumination, taking into account user-selected factors such as
reflectance, size, and driver-expectancy (or “surprise”). By selecting headlamp systems or modifying mounting or aim
parameters, engineers can estimate and appraise the effects of the vehicle or lighting-based parameters. Figures 4a and
4b shows examples of the output of Rattunde’s software reproduced from the 2005 paper. Appendix A shows the UDC
curves calculated for a range of 16 ECE and 6 USA headlighting systems. This calculation is based upon a point on a
pedestrian’s leg situated at 250 mm above the road surface and assumes a reflectance of 10% and an expectant driver.

FIGURE 4A - “BIRD’S EYE” VIEW SHOWING THE ROAD ILLUMINANCE AND UDC FOR A TYPICAL US HEADLAMP

FIGURE 4B - PERSPECTIVE VIEW SHOWING THE ROAD ILLUMINANCE AND UDC FOR A TYPICAL US HEADLAMP
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6.2 Evaluation of Glare Effects — The CIE TC4-45 Method

To evaluate the potential glaring effect for each headlamp system, the rectangular glare zone shown in Figures 5 and 6 is
divided into a number of segments and the luminous flux values are taken from this grid and then multiplied by the
weighting factor (representing an approximation to the probability of occurrence of the oncoming driver's eye). The
indication of the glaring effect is a calculation of the weighted luminous flux from the sum of these individual values. This
procedure provides a means of determining the weighted value of luminous flux in the glare zone but of course it does not
provide information relating to the acceptability of the headlamp system when installed on the vehicle. However, by
evaluating existing headlamp systems and determining their weighted luminous flux value in the glare zone a database
can be established to provide an indication of the value in the glare zone that is likely to be tolerated in actual driving
conditions.

|
Correlsponding Layout of Glare Test Zone on a i i
Vertical plane at 50m from Headlamp | Opposing Glare Evaljyiation ‘

‘ Probability distribution of oncoming ‘ v
Longitudinal
axis of vehicle

driver’s eye positions

_— 0.87m I—
~{+] = {n]-

Assume that the line H-H is related
to a headlamp mounting height of
0.75m above ground level

(Based upon the ECE Values)
v

Weighting Factor |

Horizontal Position - Degrees

-9 -7.5 -6 -4.5 -3 -1.5 1.5
5 1 0.2 0.2 0.2 0.2 0.2 0.2 0j2 0.2
<) 0.8 0.2 0.2 0.5 0.5 0.5 0.5 0|5 0.2
§ 0.6 0.2 0.2 0.5 1 1 1 0|5 0.2
8 0.4 0.2 0.2 0.5 1 1 1 o5 0.2
g 0.2 0.2 0.2 0.5 0.5 0.5 0.5 0|5 0.2
> 0 0.2 0.2 0.2 0.2 0.2 0.2 0j2 0.2

FIGURE 5 - THE CIE TC4-45 PROPOSED GLARE ASSESSMENT METHOD
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FIGURE 6 - PERSPECTIVE VIEW OF THE ROAD SCENE ING THE
LOCATION OF THE GLARE ZONE DESCRIBED | QGURE 5
Figure 7 shows the [result of the glare evaluation for the 22 sets of head@(os assessed throughout this report. For the
purposes of establighing a threshold for the maximum acceptable gla% el it was decided to dispount the results for
samples USA2, USA3 and USAG6 on the basis that these exhibited tQ@ ighest values and acknowledging the growing
pressures from govgrnment agencies to reduce glare of headlamps s\

R %)
N
18 A
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2 +
0
Sample| ECEO7 | ECE11 | ECEO3 | ECEO6 | ECEO2 | ECE13 | ECEO1 | ECEO8 | ECE10 | ECEO4 | ECE16 | ECEOS | ECE14 | ECE15 | ECE12 | USA4 | USA1 | ECEQ9 | USAS | USA6 | USA2 | USA3
Optics | PROJ | PROJ | PROJ | PROJ | REF REF REF REF | PROJ | REF REF | PROJ | REF REF | PROJ | PROJ | PROJ | REF | PROJ | PROJ | REF REF
Bulb | GDL | GDL | GDL | GDL | HAL | HAL HAL | HAL | GDL | HAL HAL | GDL | HAL | GDL | GDL | HAL | HAL HAL | GDL | HAL | HAL HAL
Mount| 661 717 665 745 630 700 670 900 670 679 711 715 824 637 695 720 644 889 845 660 930 630
height
mm

FIGURE 7 - GLARE RANKING BASED UPON THE CIE TC4-45 METHOD
- WEIGHTED LUMINOUS FLUX IN THE GLARE ZONE - LUMENS
THE THRESHOLD ADOPTED FOR THE MAXIMUM ACCEPTABLE GLARE VALUE IS SHOWN AS 1.2 LUMEN
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6.3 Effects of Mounting Height and Low-Beam Aim

The acceptability of a low beam system will be determined by its ability to provide adequate forward illumination while
maintaining acceptable glare levels as discussed in the preceding paragraphs. For a given headlamp, however, the
optimum aim will depend upon its mounting height as installed on the vehicle. To attempt to show an example of the
effects of this mounting height and low beam aim relationship, a sensitivity analysis has been carried out using a typical
halogen headlamp employing reflector optics. The luminous intensity distribution of this headlamp is shown in Figure 8.

The performance of this headlamp system has been calculated in terms of pedestrian visibility and glare as defined in 6.1
and 6.2 and an explanation of the calculation method and the results based upon the combination of the pair of
headlamps is shown in Figures 9 to 16 below. The headlamps were assumed to be installed at a separation of 1250 mm
and calculation were-hased upon mounting heights of 590 mm_ 700 mm 830 mm and 1100 mm abhove the road surface.

Figure 17 presents T graphical summary of the result of the calculations. The separation between the lines representing
the visibility and glafe boundaries provides an indication of the sensitivity of the low beam to.@change in aiming angle. It
can be concluded that a low beam having a sharp cutoff, low glare and high visibility rankings wjll achieve a greater
separation between| these boundaries. The importance of correct initial aim and the_adoption of automatic leveling
systems is also emphasized by these results.

Horizontal cut-off aimed at 1%
below the H-H line

20 oC 0 20 Degfees

FIGURE 8 - INTENSITY DISTRIBUTION' PROJECTED ONTO A SCREEN LOCATED AT 25 m DISTANCE
HALOGEN REFLECTOR SYSTEM (ONE HEADLAMP OF THE TWO HEADLAMP SYSTEM SHOWN)
AIM: 1% DOWN FROM H-V{ H7 LAMP OPERATED AT 13.2 v, TOTAL LUMINOUS FLUX = 368 L UMEN
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Glare Evaluation Zone

50m from headlamp

Range along
off-side road
edge

Note: This is a perspective view of a dipped beam
| ane width = 3m, Right Hand Traffic (LHD)

FIGURE 9 - ASPECTS OF THE LOW BEAM EVALUATED FOR THE AIMING SENSITIVIT]

Range along ——
Road Centre-Line —

projected onto a typical two-lane / tw6-way road

Y STUDY

N

Metre

Downward

T, %0
C)O 20
f'\Q~ 0 \
2 -1 0 1 2 3

Inclination - %

‘ —e—Mounting Height 570mm

—&Mounting Height 700mm

‘ Mounting Height 830mm

Mounting Height 1100mm

FIGURE 10 - RANGE OF THE 3 LUX LINE AT 250 mm ABOVE THE ROAD SURFACE AT THE LEFT
SIDE (OFFSIDE) CURB RELATIVE TO MOUNTING HEIGHT AND DOWNWARD INCLINATION
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SAE

Metre

1 2 Q) 3 4
Downward Inclination . (1,
O

—.—Moun% Mght 700mm

Height 1100mm

—e—Mounting Height 570mm
Mounting Height 830mm

m}; OVE THE ROAD SURFACE AT THE

FIGURE 11 - RANGE OF THE 3 LUX LINE AT 250 m
HT AND DOWNWARD INCLINATION

ROAD|CENTRE-LINE RELATIVE TO MOUNTING

Metre

0 1
Downward Inclination - %

—#-Mounting Height 700mm

—e—Mounting Height 570mm
—Mounting Height 1100mm

Mounting Height 830mm

FIGURE12 - RANGE OF THE 3 LUX LINE AT 250 mm ABOVE THE ROAD SURFACE AT THE RIGHT
SIDE (NEARSIDE) CURB RELATIVE TO MOUNTING HEIGHT AND DOWNWARD INCLINATION
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Data relate to Right Hand
Traffic Headlamps
g
]
=
40m Visibility Threshold
T 0 ; ; T w—
-2 -1 0 1 2 3 4
Downward Inclination
—e—Mdunting Height 570mm Right edge =~ —#-Mounting Height 570mm Centre Mounting-Height 570mm Left edg
Mdunting Height 700mm Right edge =~ —%—Mounting Height 700mm Centre —o—Maunting Height 700mm Left edg
—+—Mdunting Height 830mm Right edge = ——Mounting Height 830mm Centre <~»Mounting Height 830mm Left edg
Mdunting Height 1100mm Right edge Mounting Height 1100mm Centre Mounting Height 1100mm Left edge

THIS IS USED TO DETERMINE THE CORRESPONDING DOWNWARD AIM TO ACHIEVE A RANGE OF 40 n

FIGURE13 - COMBINATION OF DATA SHOWN IN FIGURES 10, 11 AND 12

1 FOR EACH CURVE

Luminous Flux in Glare Zone - Lumen
N w A O e)] ~ oo ©

[ JEEENSN

—_
(@)

Weighted Flux in Glare Zone

Related to Headlamp Mounting Height

(Based upon GTB / CIE Assessment Method)

O\ Data relate to Right Hand
C) Traffic Headlamps

e
B
/)@ Highest Vertical Aim to

\<~ remain within acceptable
O Glare Levels
AN 1.2 Lumen threshold for ——
@: acceptability of opposing glare
\—‘ ﬂv; ’ — g"'
0 1 2 3 4

Downward Aim of Horizontal Cut-off - %

Headlamp Mounting Height ‘—0—57Omm —=— 700mm 830mm 1100mm

FIGURE14 - WEIGHTED LUMINOUS FLUX IN THE GLARE ZONE RELATED TO DOWNWARD AIM

FOR EACH MOUNTING HEIGHT

FROM THESE GRAPHS THE HIGHEST VERTICAL AIM RELATED TO MOUNTING HEIGHT TO REMAIN WITHIN
THE 1.2 LUMEN THRESHOLD (CHOSEN AS THE LIMIT OF ACCEPTABLE GLARE) IS DETERMINED
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N
o

Luminous Flux in Glare Zone - Lumen
- N w A 00 O ~ @ o

Weighted Flux in Glare Zone

Related to Headlamp Mounting Height

(Based upon GTB / CIE Assessment Method)

Highest Vertical Aim to

remain within acceptable
Glare Levels

Data relate to Right Hand [

Traffic Headlamps

1.2 Lumen threshold for

acceptability of opposing glare

: e
I-D'(S\'/om/\./‘a;;fkh
Headlamp Mounting Height —0—'-
0 012 0‘.4 016 018 “1 1.‘2 1.4
Downward aim - %

FIGURE1p - METHOD USED TO DETERMINE THE-RELATIONSHIP OF MOUNTING HEIGHT AND
DOWNWARD AIM BASED UPON A 1.2 LUMENYTHRESHOLD CHOSEN BY THE TASKFORCE
AS AN INDICATION OF ACCEPTABILITY OF OPPOSING GLARE

Range of 3 Lux Line at 25cm above Road Right Hand
Road Edge
Q’ ‘ Data relate to Right Hand
106 O\ Traffic Headlamps —_
b \\\
§ A§ N
o
% 40 - - 40m Visibility Threshold
R
X o T
o ] Max,[_).ow‘nw‘érd,:{i.m'(%) fo achieve :{Oni i'anggﬁ'ight Hand Kerb
Downward Inclination - % . 12 N ° ..'-.,- .. B =
—o—Mounting Hefght 570mm - Mountfng H g 1 : '--... _ /
ounting igl ing E 08 .__..' . /

sos "w/

B

02

= : : : : : :

0 0.5 1 1.5 2 25 3 35
Downward aim %

FIGURE16 - METHOD USED TO DETERMINE THE RELATIONSHIP OF MOUNTING HEIGHT
AND DOWNWARD AIM TO ACHIEVE 40 m VISIBILITY
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Aiming Limits to respect Glare and Visibility Requirements

Based upon a visibility requirement of 3.0 lux on legs of pedestrian 0.25m above
road surface and a maximum luminous flux of 1.2 lumen in the glare zone.

>

| Risk of insufficient visibili

Data relate to Right Hand
Traffic Headlamps

w
w O

o

Downward Aim - %
O O —~|1O1T DN O

Juteidwo) alejo) Jo BIg |

P
N

Mounting Height - Metre

[N

lo— Glare Boundary —=— Right Edge of Road Road Centreline Left Edge of Roa

FIGURE17 : COMBINATION OF THE GRAPHS DERIVED FROM FIGURES 15 AND 16 SHQWING THE

ISIBILITY / GLARE SENSITIVITY BASED URON AIM AND MOUNTING HEIGHT

(THE GAP BETWEEN THE PURPLE, YELLOW AND BLUE LINES AND THE DARK BLUE LINE INDICATES THE RANGE
OF AIMING ANGLE THAT WILL SATISFY THE GLARE AND VISIBILITY CRITERIA DEFINED BY THE [TASKFORCE)

7. EVALUATION gF THE CAPABILITY OF EXISTING,HEADLAMP SYSTEMS
7.1 llluminance or] the LH and RH Road Edges

16 sets of current ECE type approved headlamps and 6 sets of US headlamps were assessed with fegard their ability to
produce an illuminance of 3.0 lux along thelline of the offside and nearside curbs at a height of 0.25 h above the surface.
A graphical method|was used, following/the procedure outlined below, to represent the performarce of the headlamp
system as installed ¢n the car to provide an overall impression of the beam distribution and the glare Ipvels.

Each headlamp was| operated-at‘the vehicle system voltage declared by the manufacturer and the luminous intensity was
measured using an LMT photometer. The measurements were carried out using horizontal scans within the range from
60° L to 60° R with 0.2° increments and at vertical increments from 10° D to 45° U having the following resolution:

Within the range 10° D to 5° D: Q. h5° cfnpe
Within the range 5° D to 3° U: 0.1° steps
Within the range 3° U to 45° U: 0.5° steps

The low beam was aimed using the SAE photometric method.

Using the matrix of low beam data for the individual headlamps, calculations of the illuminance pattern on the road surface
and at 0.25 m above the road were made using the LMT LIMES Software.

These calculations were carried out by combining the photometric data of the left and right-hand headlamps and taking
account of the separation, mounting height and aiming angle as declared by the car manufacturer.

The headlighting system performance is represented as a perspective view of a standard two lane 6 m wide road with the
glare zone at 50 m distance and a “birds-eye view of the plane 0.25 m above the road surface with the 3.0 isolux line
superimposed. Results for both US and ECE systems are shown in Appendix A, Figures A1 to A22.
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7.2  Calculation of the Uniform Detection Characteristic (UDC) Locus

Using the software tool made available by LMT, the task force determined the UDC locus for both US and ECE headlamp
systems. The results are shown in Appendix A, Figures A1 to A22.

7.3  Luminous Flux in the Glare Zone

The method as described in 6.2 was used to evaluate the weighted luminous flux in the glare zone. Results are shown in
Appendix A, Figures A1 to A22, for both US and ECE Headlamp systems.

7.4  Analysis of the Evaluation Results

Figure 18 shows:
a. The visibility along the left (offside) and the right (nearside) curbs on a plane 0.25 m aboyethe road surface.
b. The weighted luminous flux in the glare zone (multiplied by 100 to improve the diagram)
These results are shown in order of headlamp number

Figure 19 shows the|overall ranking in order of increasing value and calculated using the formula:
Visibility eq + Visibility right — Glare/2 (Eq. 1)
It should be noted tHat the above formula has been chosen based upon an assumption that the impoftance of detecting a
pedestrian relative o the glaring effect on other drivers is a\factor of two. However, further consideration would be

required to verify theg relevance of such a relationship before it\can be used as the basis of a rating sygtem.

Figure 20 provides & comparison of the performance of-the headlamps that achieve a visibility of npiore than 40 m on a
plane 0.25 m above fthe road on the left hand (Offside)curb. The headlamps are shown in order of ingreasing rank value.

Figures 21 to 23 prqgvide comparisons of the performance of the highest and lowest ranked headlamps according to the
light source and reflgctor technologies employed.
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. Summary
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" M Visibility Left  ® Visibility Right = Glare Lm * 100
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FIGURE 18 - RELATIVE RANK SUMMARY\& ALL 22 SYSTEMS EVALUATED!
D
o Ranking
120 N :(%ased upon the formula: Visibility o + Visibility 4 — {5lare/2)
o
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Sample| ECEO4 | USA3 | USA2 |ECEO9 | ECE13 | ECEO8 | USA6 |ECEO1|ECEO2  ECE14|ECE15|ECE11| USA4 |ECEO7 | USAS5 |ECE16 |ECEO3 | ECE12|ECE10| USA1l ECEO5 |ECEO6
Optics| REF REF REF REF REF REF PROJ REF REF REF REF | PROJ | PROJ | PROJ | PROJ REF PROJ | PROJ | PROJ | PROJ | PROJ | PROJ
Bulb | HAL HAL HAL HAL HAL HAL HAL HAL HAL HAL GDL | GDL HAL | GDL | GDL | HAL | GDL | GDL | GDL HAL | GDL | GDL

Mount| 679 630 930 889 700 900 660 670 630 824 637 717 720 661 845 711 665 695 670 644 715 745
height
mm

FIGURE 19 - OVERALL PERFORMANCE SUMMARY - SORTED ACCORDING TO RANK VALUE
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160

Summary
Sorted by Overall Ranking

Only headlamps exceeding 40m visibility on the left side
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M Visibility Left m M Visibility Right m W GlareLm * 100 W Rating (50% Glare Emphasis)
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Sample
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ount height
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S5URE 20 - RELATIVE PERFORMANCE S@ARY SORTED BY OVERALL RA

NK

ONLY SYISTEMS ACHIEVING MORE THAN 40 m IS&@IL Y ON THE LEFT SIDE (OFFSIDE) AR SHOWN
%)
N .
m Visibility Left m u Visibility Right m () Com parison of Tech nOIOg es
m Glare Lm * 100 M Rating (50% Glare asis)
160 o é*ﬁ
140 f\}
120] " \ )

100
80
60,

40| +
20)

+

Sample

O’M height mm

Halogen Reflector Systems
Lowest and Highest Ratings

FIGURE 21 - COMPARISON OF TECHNOLOGIES - HALOGEN REFLECTOR SYSTEMS
WHILE THE VISIBILITY DISTANCES ACHIEVED BY THE TWO SYSTEMS ARE SIMILAR, THE
USA2 SYSTEM DEMONSTRATES A DIFFUSE CUTOFF AND A HIGHER GLARE VALUE
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| Visibility Left m | Visibility Right m
Glare Lm * 100 m Rating (50% Glare Emphasis)

Comparison of Technologies
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Sample

Optics REF

Bulb HAL

Halogen Reflector Systems
Lowest and Highest Ratings

Mount height mm 930

FIGU

Right Hand

USA2

010204071235 t02030

Right Hand

ECE 16

JRE 22 - COMPARISON OF TECHNOLOGIES - HALOGEN REFLECTOR SYST
THE DIFFERENCES IN THE CUTOFF CHARACTERISTICS OF USA2 AND ECE16 ARE|
CLEARLY DEMONSTRATED BY THESE DIAGRAMS

EMS
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Sample

Optics

PROJ

Comparison of Technologies

Gas Discharge Projector Systems
Lowest and Highest Ratings

BUMD

Mount height mm

FIGURE
THE

23 - COMPARISON OF TECHNOLOGIES - GAS DISCHARGE PROJECTOR S
USA5 SYSTEM ACHIEVES A GREATERYISIBILITY ON THE RH (NEARSIDE) BUT AT
EXPENSE OF A DIFFUSE CUTOFF AND SIGNIFICANTLY HIGHER GLARE VALUE
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| Visibility Left m
Glare Lm * 100

| Visibility Right m

m Rating (50% Glare Emphasis)

Comparison of Technologies

Sample

Optics

Bulb

Mount height mm

USAS ECEO6

PROJ ‘ PROJ

Gas Discharge Projector Systems
Lowest and Highest Ratings

Right Hand

USAS5 0.102040.71235403D30 1 ECE 6

Right Hand

FIGURE[24 - COMPARISON OF TECHNOLOGIES*::GAS DISCHARGE PROJECTOR SYSTEMS

7.5 Conclusions Oerived from the Ranking Formulae:Adopted by the Taskforce

THE DIFFERENCES IN THE CUTOFF CHARACTERISTICS OF USA2 AND ECE16
ARE CLEARLY DEMONSTRATED BY THESE DIAGRAMS

From the comparisop of the 22 headlamp systems-detailed in this report the following conclusions car| be drawn:

a. The Uniform Detection Characteristic:UDC calculated on the basis of a target of 10% reflectance jand located 250 mm
above the road surface yields similar)visibility distances to those derived from the 3.0 lux illuminance contour used in
the CIE TC4-45| procedure. This\is a particularly interesting outcome as these two methodologies are based upon
essentially different approaches, of independent lighting / human factors experts. One references$ twilight illumination
while the other| interpolates experimental data from many engineers and scientists. The difference in the two
methodologies i that the\UDC can accommodate changes in key parameters such as expectgncy, size and visual

centroid while the use‘ofithe 3.0 lux parameter is a generic approach.

b. No clear relatiopship between mounting height, visibility and glare was found amongst the 24 headlamp systems

evaluated.. The aim of the low beam cutoff and the actual light distribution in the low beam has more impact upon
visibility and glare than the mounting height. It should be noted that the highest mounting height of the 22 headlamp
systems was 940 mm. Higher mounting heights may result in higher glare values and in this case further study would
be required although the method described in paragraph 6.3 provides some good indication of the consequences.

c. Halogen systems can give a good pedestrian visibility performance at the expense of higher glare values

d. Gas Discharge systems employing projector optics offer the best overall performance with higher visibility and lower

glare.

e. There is no clear benefit from US or ECE systems. This is particularly interesting in the context of discussions relating
to harmonization of US and ECE requirements.

f. The US systems demonstrate higher glare values associated with diffuse cut-offs. This is the main feature that
distinguishes the US and ECE systems.
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The optimization of pedestrian visibility performance and “low” glare levels is a matter of beam design preference. It is
likely that the best balance of these features will be based upon a system employing gas discharge light sources,
projector optics and a mounting height of approx 750 mm.

8. AN APPROACH TOWARD A REVISED PHOTOMETRIC SPECIFICATION
Achievement of the required illuminance levels related to pedestrian visibility is dependent upon the luminous intensity
distribution of each headlamp and the vehicle installation. This means that only a system based approach will provide a

means to specify and verify the performance required for adequate pedestrian visibility.

Some existing headlamp systems, currently in service and complying with either US or ECE requirements, are able to

meet the requireme ts chosen h\ll the taskforce for pndncfrinn \/ieihilih/ and glnrn This is demonstr.

ed by the results of

calculations shown iph appendices A and B.

The contents of this feport are intended to serve as a guide for further work in the SAE Lighting Comr|
standards and in addition may also provide useful input into considerations regarding NCAP)rating sy

9. CONCLUSIONS

The work described|in this report demonstrates that lighting improvements cankaddress at least thg
needs. Not surprisipgly HID headlamp systems provide the best opportunities'to achieve the require
even where HID light sources are employed, changes to the ways in which minimum requirem
performance are spgcified will be required. To adequately incorporate{the requirements of pedes
approach to the spécification of beam pattern requirements based upon a vehicle system installg
introduced. The reqpirements cannot be adequately defined using<the conventional approach of sj
beam pattern assegsed at fixed points related to angular positions relative to the optical axis,
separation, system Joltage, and beam aim are significant influencing factors.

The minimum criterig to determine acceptability of a low_beam performance in terms of pedestrian vi
attainment of a visib{lity of a target having 10% reflectance and located at 250 mm above the road sur
examined two methgds to assess this and any further work to develop requirements for a new low b
have to decide which approach to adopt. The two.methods are:

a. Calculating the fange where an illuminance of 3.0 lux is attained on a generic pedestrian targe
(offside) verge or
b. Calculating the UDC (Uniform Detection Characteristic) for a set of parameters selected to repr

leg with 10% reflectivity.

To achieve the minimum illuminance requirements for pedestrian visibility it is necessary to provide m

h-h line. One possible approach is shown in Figure 25 and is derived from the work of the EURE

hittees to define new
tems.

“expectant” driver’s
d improvements but
nts for photometric
ian visibility, a new
tion will have to be
ecifying values in a
bs mounting height,

sibility should be the
face. This report has
am specification will

situated on the left

esent a pedestrian’s

ore light close to the
KA AFS Group that

resulted in the new
gradient in terms of
automatic headlamp Ievellng and headlamp cleanlng systems WI|| reqwre more careful study.

ECE AFS Regulatlon (ECE R123) The consequences of this sharper gradig

nt low beam cutoff
possibly leading to

While it has been demonstrated that some existing headlamp technologies and systems are capable of satisfying the
requirements in terms of pedestrian visibility and glare, the new emerging technologies such as adaptive forward lighting
and LED systems will provide further opportunities. Reference has been made to the “expectant driver” in the calculations
summarized in this report and here, the technologies associated with infrared assisted systems can provide early
detection of unlighted warm bodies can be usefully combined with the improved headlamp systems.
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ECE R123 Glare Zone

CIE TC4-45 Glare Zone Laterally shifted to the
left by 0.5 deg
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FIGURE 25 { A POSSIBLE APPROACH TO THE DEFINITION OF AN IMPROVED LOW BEAM PATTERN

The downsides anfd arguments remain the same mature and timeless issues of glare-avefse public reaction,
governments’ regulgtory issues, and cost/benefit/effortrelated concerns among manufacturers of vehicles and lighting.
These will have to|be seriously taken into account during the work in the SAE Lighting Comniittees. In particular,
decisions will have [o be reached concerning_the-limiting value of glare to the oncoming driver. Based upon the glare
model developed by| CIE TC4-45, the taskforce_éoncludes that a value of 1.2 lumens should be adogted for the weighted

luminous flux in glare zone. This would imply that future US low beams would exhibit a sharper cutgff than that currently
adopted.

Finally, it is interestipg to note that the Tanking of the 22 headlamp systems (including 6 US systems)|reveals no evidence
to support the frequently used arguments concerning the relative superiority of the ECE or US beam patterns. From the
point of view of pedestrian visibility both patterns are capable of meeting the minimum requiremgnts identified in this
report with a mounting height-of the order of 750 mm. However, when the requirement for good pedestrian visibility and

lowest possible glarg effects' are combined, the sharper cutoff gradient associated with the ECE systeém provides the best
results. This however_does not mean that such headlamps cannot meet the FMVSS108 requirgments; it is more a
question of design pWW i i ;

10. RECOMMENDATIONS

Having demonstrated the feasibility of producing low beams capable of providing the required illuminance pattern to
satisfy the pedestrian visibility requirements, the task of translating these requirements into the lighting standards should
be assigned to the respective SAE lighting committees.

The question of low beam cut-off characteristics in relation to glare effects to the oncoming driver will need very careful
consideration and possibly further investigation. There is a clear correlation between sharper cutoffs, lower glare and
improved pedestrian visibility performance.

Consideration must be given to associated technologies such as auto-leveling and headlamp cleaning as these will be

required to mitigate the potential effects upon perceived glare that could result from the adoption of sharper low beam
cutoffs
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The opportunity should be taken to develop improved requirements for low cost solutions in addition to taking advantage
of new technologies such as adaptive lighting and increased efficiency light sources.

From a technical stance it is clear that it is feasible to harmonize the US and ECE requirements while meeting the
pedestrian visibility and glare requirements necessary for safe night-time driving. Although there are significant political
barriers to be overcome, the SAE lighting committee should continue to strive towards harmonization that will result in a
single globally acceptable headlamp system standard.

11. NOTES

11.1 Marginal Indicia

A change bar (l) locpted in the left margin is for the convenience of the user in locating areas wherg technical revisions,
not editorial change$, have been made to the previous issue of this document. An (R) symbol to:the|left of the document
title indicates a complete revision of the document, including technical revisions. Change bars and (R) are not used in
original publications,|nor in documents that contain editorial changes only.

PREPARED BY THE SAE ROAD ILLUMINATION-DEVICES STANDARDS COMMIT[TEE
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APPENDIX A - EVALUATION OF EXISTING HEADLAMP SYSTEMS - ILLUMINANCE AND GLARE

The CIE TC4-45 Technical Committee working to define a method of assessing headlamp performance has compiled a
database of the performance of 16 sets of headlamps selected to provide a representative sample of current ECE
headlamps. The opportunity was taken to use part of this database to support the work of the SAE Pedestrian Visibility
taskforce and the results are shown below. Additionally, 6 sets of US headlamps were submitted to the same procedure to
provide a total of 22 headlighting systems that form the basis of this report.

The following figures show the relative performance of the 22 sets of headlamps using iso-illuminance curves on a
perspective view of the road scene and also as a “bird’s eye” view. Additionally, the glare levels are represented as
iso-candela lines on the screen located at 50 m from the car to give an impression of the light distribution and the effects
of the cut-off sharpness_Qn each figure the range along the nearside and offside curbs and the weighted luminous flux in
the glare zone are ipdicated. The Uniform Detection Curves (UDT) for each system are also repregented by the dotted
lines.

The results show a wide diversity of beam distributions. It is particularly interesting to compare the re¢lative performances
along the left side of{the road in the region sensitive to collisions with pedestrians. It sheuld be noted that in each diagram
the upper image regresents the illuminance on the road surface whereas the lower.image shows thg illuminance plotted
on a plane 0.25 m apove the road surface to coincide with a point on the pedestrian's legs. As is obyiously the case, the
range at which a low beam is able to produce the required 3.0 lux on the pedestrian’s legs is considérably shorter than a
corresponding point jon the road surface.
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Glare intensities plotted on screen located at 530m from Car
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