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2.1

2.11

2.1.2

Scope—The Mounting Height Task Force was tasked to determine the extent of the problem(s) associated
with vehicle headlamps mounted at or above the level of the mirror(s) in passenger vehicles; the level of glare
exposure caused by high-mounted headlamps; the appropriate height differential needed to maintain a glare
level consistent with past and/or current passenger vehicle headlamp mounting; and the necessary headlamp

mounting height necessary to control mirror glare at an accepted/acceptable level.

addresses these passenger vehicle mounting height issues.
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3.1

3.2

3.3

5.1

OTHER PUBLICATIONS

a.
b.

Res. and Tech., 6, 79-88

C.
d.

Definitions

Olson,P, Sivak,M., Glare from Automobile Rear Vision Mirrors, Human Factors, 26(3), 269-282, 1984
Schmidt-Clausen, Bindels (1974) Assessment of discomfort glare in motor vehicle lighting. Lighting

Kosmatka, W., Minutes of the Mounting Height Task Force, May 2, 1995, Southfield Michigan
Consumer Reports Magazine, Jan — Sept, 1999 New vehicle driving test reports

Sport Utility Vehicle (SUV)—Types of passenger vehicles designed with potential for off-road use. They

generally ha

De Boer Gl
Qualifiers,
satisfactory

Luxmeter (
The device
and can be

Backgroun
high-mountg
large vehicl

Due to the
awareness

lve increased ground clearance and are higher than conventional passenger vehi

hre Rating Scale—A nine-point scale for describing the relative levels of ¢
or the odd points, are as follows: 1 — unbearable; 3 — disturbing;}'5’— just
9 — just noticeable.

ell—A light sensitive transducer capable of turning incident radiometric flux into ¢
output, in an appropriate electrical circuit, is proportional tokthe intensity of the
reported by an output device as “lux,” “foot-candles” or “candela.”

—In 1996, the Mounting Height Task Force published”SAE J2338 addressing t
bd headlamps on heavy trucks. The report suggested that headlamp mounting
es be limited to 0.9 mto 1.0 m.

increased popularity of Sport Utility Vehicles (SUV’s), there is evidence of in
hnd dissatisfaction with mirror glare from the headlamps on these passenger vehid

Cles.
iscomfort glare.

acceptable; 7 —

Lirrent or voltage.
ncident radiation

e problems with
height on these

crease in public
les. NHTSA had

indicated an industry need to control this apparent problem with voluntary limits on headlamp placement or

rulemaking
Road Illumi
problems ag

actions. In May of 1999, in response to public sentiment and at the request of]
hation Devices Committee, the-chair reconvened the Mounting Height Task F
sociated with small vehiclesyincluding pickup trucks and SUV’s that were specifi

the “heavy fruck” recommendations.

The task fo
Force meet|
high-mountg
glare is note

ce reviewed appraXimately 70 letters written by motorists to NHTSA (excerpts

ng minutes of September 1999). In general, the writers express dissatisfactio
bd headlampsy(generally) on SUV vehicles. Both frontal and rear glare are mentio
d along with/interior mirror glare. The interior mirror is dimmable at the driver's g

opinion of the task ferce, that the location and relative height of the side mirror represented t

case in the
driver side 1

case ©f driver discomfort glare. For these reasons the task force focused its inve
hirropin the matter of addressing mounting height for headlamps.

members of the
prce to evaluate
ally omitted from

ecorded in Task
N with glare from
ned. Side mirror
ption. It was the
ne more extreme
stigations on the

Review of Discomfort Glare Studies—The task force reviewed several published glare studies as part of
reevaluation of headlamp mounting height.

Foveated Source—Miller et al. (1974) used driver voluntary dimming as a measure of the level of glare from a
foveated source that drivers were willing to tolerate. They found that 60% of drivers dimmed their headlamps
at 360 m (1200 ft) or greater and that another 28% had dimmed them by 180 m (600 ft). Using information
about headlamps of that vintage, the authors concluded that drivers would accept near-foveal illuminance of
0.43 to 1.72 lux (the report actually found “0.04 to 0.16 fc”). Miller et al. determined that side mirrors were
exposed to 1.9 lux for normally aimed headlamps and 11.9 lux for misaimed headlamps.


https://saenorm.com/api/?name=73845f794f44edad5d1421bed320c8d2

J2584 Stabilized FEB2011 Page 4 of 19

SAE

5.2 Peripheral Source—Olson and Sivak (1984) studied glare from peripheral sources. They found side mirror
glare levels just below “admissible” for eyepoint illumination of 2.37 to 8.61 lux (for “long” exposure durations
and “short” exposure durations respectively). They also noted disability effects for side mirror glare at
peripheral eyepoint illumination levels of 7.75 and 75.5 lux.

5.3 Admissible Level—Sivak et al. (1997) studied “oncoming” vehicle glare and concluded that the “just
admissible” level, (De Boer level 5) and the less than “admissible” level (De Boer level 4) ranged from 3 lux to
4 lux. This study used a controlled glare angle of 3.5 degrees and a controlled glare duration time of 3 s.

5.4 Peripheral Angle—Schmidt-Clausen and Bindels (1974) documented discomfort glare as a function of the
peripheral gngle to the point-of-focus. They found an inverse relationship of the 0.46 poweL-bgtween the angle
of the glare [source to the driver’s point-of-focus, to the De Boer rating.

Discomfort Limits for Side Mirror Glare—With the information préviously, | along with an
for windshield losses (10%) and side-mirror/side-window losses (50%),the task {orce was able to
The progression of the

6. Acceptable
assumption
define a rgnge for “acceptable” discomfort glare in various driving situations.
calculations|of acceptable mirror glare is described in Table 1.

Mill

1"

a. br et al: — Direct Glare at the Eyepoint: 0.4 to 1.6 lux near-foveal glare (applying a 90% for

6.1

6.2

wirl
b. Ols
mir
c. Siv
the
ran
d. Sch
fun
3.5

Exposure [
(exposure s
3.0 lux. TH
second tim
length of ti
one minute,
about 2.5 D

The time-d
Discomfort

dshield transmittance” for vehicles circa 1974 and rounding to the first decimal pl
bn and Sivak — Side Mirror Illuminance: 2.37 to 8.61%\ux for approximate De B
or glare (“3 minute” and “10 second” exposure; no.side mirror/window transmittan
k et al. — Duration Effect: Interpolation from “Figure 4" (see Appendix A), long d
discomfort effect by about 1 to 2 De Boer. uhits. E.g., acceptable range for
jes from 3.0 to 0.8 lux.

midt-Clausen & Bindels — Glare Angle;>The glare angle algorithm allows calculg

degree angle in Sivak et al).

uration—Sivak et al. propese’a glare tolerance algorithm — De Boer glare rating

ace)

per “level 5” side
ce factor)
Irations increase
near-foveal glare

tion of a transfer

tion of “3.06” to “3.24" for side mirror glare at peripheral angles of 35 to 45 degreés (relative to the

= 5.05 -1.405 log

econds).
e exposure algorithmsthen allows definition of tolerance at longer exposure ti

would imply a reduction of one De Boer level, so, in order for a driver to tole
e, the glare must'be‘reduced e.g., De Boer level 6. Similarly, in order for glare t
the implied shift in glare tolerance is 1.8 De Boer units. For a three-minute exp
e Boer units;

bpendent "glare tolerance was interpolated using figure 4 in UMTRI 97-23
Slare.levels of “5” for short duration; “6” for intermediate duration; and “7” for lon

es. A10to 20
te glare for this
D be tolerable for
hsure, the shift is

The glare tolekance limit, experimentally determined for short dur?zliaon exposure, is

Appendix A) at
) durations. The

interpolation yielded eyepoint illuminance of 3 lux, 1.5 lux, and 0.8 lux respectively.

Peripheral Glare Tolerance—The glare tolerance levels previously are for foveated glare at the nominal
angle of 3.5 degrees (210 arc-min) to the point-of-focus. In order to account for the peripheral nature of the
side mirror glare (versus the foveal tolerance values) angular-ratio factors were calculated for angles of 35, 40,
and 45 degrees using Schmidt-Clausen and Bindles’ algorithm. The algorithm shows that discomfort glare is
inversely proportional to the angle between the point-of-focus and the peripheral glare source (minutes of arc),
raised to the 0.46 power. The implied effect of peripheral glare light is less than that of foveated glare light.
The tolerance ratios for the angles previously are 3.06, 3.15, and 3.24 respectively for the three angles
previously. The products of the peripheral-glare-ratios and the glare tolerances for different exposure
durations are in Table 1.
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6.3 Window and Side Mirror Loss—Assuming a 50% side mirror- side window transmittance factor, side mirror
illuminance would be reduced by half. The eye-illumination numbers in Table 1 were doubled to give results in
terms of mirror illuminance.

6.4 Agreement with Prior Research—The rounded averages for the “short,” “intermediate,” and “long” exposure
duration levels are summarized in Table 1 as 21 lux, 9.2 lux, and 5.0 lux. The side-mirror tolerance levels
found by Olson & Sivak (adjusted for 50% mirror/window transmission) are: 17.2 and 4.7 lux for 10 second and

3 minute exposures. The order of magnitude calculated for short to long peripheral glare exposure durations,

6.5

7.1

essentially agree with experimental results.

Task Force
mirror illumi
driving situg
duration, “ve
glare vehicl
duration” sig
e.g., selectiq

The task force concluded that “acceptable” side mirror glare is 10 lux inythe majority of drivir

have interm

Side Mirror
quantify the

Field Meaerements—Mirror illumination measurements were made for eight vehicles engag

following a
lower extren

hation limit. The rationale for this was not an average, but selected in recognition
tions. While 10 to 20 second, “vehicle-passing” situations are no doubt ‘difficd
hicle-following” situations are substantially more under the control of thedriver be

e mirror glare is less likely in this context, than is intermediate duration #vehicle-p
n of the “10 lux” side-mirror glare limit.

bdiate exposure times, less than a minute in length.
Illumination from Headlamps—Several studies.ef Side mirror glare were under

actual levels of driver's exposure to side mirror glare light.

st vehicle on Cleveland area expressways. A color corrected Luxmeter cell wa
ne of a side mirror centered at a height‘ef approximately 900 mm (36 in). The vg

P | " il WH ol T H A lal Il 1 N W | 1
QCITULIUIT UT OITUtT IVITTTUT OTdlr© LI~ TTasUITdlIT 1CVCT Ul LU TUA WaAdsS STICU

ted for the side
pf the realities of
It to avoid, long
ng followed by a

e and could conceivably be avoided or minimized. One could argue/that objectionable “long-

ASSing” scenario;

g situations that

faken in order to

ed in passing or
mounted at the
hicle was driven

along intersfates having a reasonable amount.of pre-dawn traffic. At such times as the vehicle was being
followed or passed by other vehicles; illumination readings of the side mirror illumination werg recorded. The
measured njirror illumination levels are listed in Table 2:

TABLE-2-+MEASURED MIRROR ILLUMINATION LEVELS

VehigleType and Location Side Mirror lllumination

I T

l_

eavy truck folloing in the right lane 5 to 15 lux (during the measurement interval)

eavy truck\following in the right lane 5 to 10 lux

eavy\truck passing on the left 20 to 60 lux (as the vehicle overtook/passed)

l_

eawy truck passing on the left 5 to 30 lux

Heavy truck passing on the left

5 to 20 lux

Passenger vehicle following in the right lane 3 to 6 lux (during the measurement interval)

Passenger vehicle following in the right lane 3 to 8 lux

SUV’s following in the right lane 5 to 15 lux (during the measurement interval)
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7.2

Historic Levels of Side Mirror Glare from Sealed Beam Headlamps; lllumination Calculations—In order

to help define a baseline of drivers’ historical perspective of side mirror glare, levels of side mirror illuminance
were calculated using headlamp-to-mirror differential heights of +15 cm (6 in), i.e., mirror is 15 cm higher than
the headlamps. (The differential height of 15 cm was based on historic information on passenger vehicle driver
eye elevation, originally derived for SAE J2338).

Using a nominal lane width of 3 m (10 ft), a height differential placing the mirror 15 cm (6 in) above the
headlamp, the angular location of the side mirror at several following distances was determined. Iso-candela
diagrams of typical beam patterns were than used to interpolate the luminous intensity in the direction of the
side mirror position; the mirror illumination was calculated using the inverse-distance-squared law. The

i o o

mfarmation 1o chaovan tn Tahla D L\ L
O oo To—STTovv Tt =4 VI TOTTT1C

summarize

Side mirror

mirror illumi
shortened tg
all cases, th

“Par 56" (T
headlamps
version of “

up”)

Side Mirror
bulb haloge
Replaceablg
For 9006 (4
headlamps,

7.3

bt 16 omn
Fable tght—35-ermtp
llumination for typical headlamp types showed considerable variation with varyin
hation level was relatively low at long following distances and increased as fol
the range of 15 to 30 m (50 to 100 ft). Within this range, it was relatively consta
e higher glare value occurred at 15 m (an example is shown for 9007inFigure 1),

pe D) headlamps (Table 3) produced 6 to 7 side-mirror lux.|,“200 mm” rectd
vith standard incandescent filaments produced about 3.4 lux.at the side mirror, wh

Glare Calculated for “Average” Replaceable Bulb Headlamps—Glare levels
n sources were calculated using “market wejghted average” data from UMT
bulb 9004 (bulb type HB1) headlamp side-mirror illuminance levels ranged from
ulb type HB4) headlamps, the range was also in the 4 to 5 lux. For 9007
the range went from 7 to 11 lux. (Table3 — “Mirror Height: 15 cm up”)

TABLE G—SIDE MIRROR ILLUMINATION®

j distances. The
owing distances
Int, but in almost

ngular (Type B)
ile the “halogen”

P00 mm” headlamps produce slightly less than 6 lux. (Sdmmary in Table 3 — “Mirfor Height: 15 cm

for replaceable
RI report 97-37.
about 4 to 5 lux.
bulb type HB5)

Mirror Ht. Differenfial > 15cm Up 15cm Up Same as Same as 15 cm Down 15cm Down 30 cm Ppown 30 cm Down
Headlamp Headlamp
Following Distancg > 15m 30'm 15m 30m 15m 30m 15m 30m
(50 ft) (100 ft) (50 ft) (100 ft) (50 ft) (100 ft) (50 ft) (100 ft)

7 in Round (Par 56) 738 5.9 X X X X X X

200 mm Inc. (type B 3.3 3.5 111 7.3 X X

200 mm Halogen (type B) 5.6 5.7 X X 12.1 11.2 20J1 15.7

9004 (type HB1)®@ 4.9 3.9 7.1 5.9 14.0 10.4 2645 15.1

9006 (type HB4)@ 3.9 4.7 10.0 11.6 31.7 18.9 50]2 27.8
11.4 7.4 21.7 12.3 37.2 19.0 51.1 25.0

9007 (type HB5)@

1.
2.

Values in lux.

UMTRI 97-37.

Photometric grid data is “market weighted average” data from University of Michigan Transportation Research Institute report,
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.

—&— at 30m

30 1
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Mirror lHlumination (lux)

10

-0.2 -0.1 0
Mounting Height Differential (m)

01 0.3

FIGURE 1—9007 MIRROR ILLUMINATION VERSUS HEIGHT DIFFERENCE
7.4 Effect of El¢vated Headlamp Mounting Height on Side Mirror Glare—Reference Table 3, [Mirror Height: 15
cm down”/“30 cm down”. When the mirror glare calculations were made for height differgntials of —15 cm,
(mirror 15 cn below headlamp) there was an understandable increase in side mirror illumirfance. “200 mm”
(Type B) non-halogen headlamps exhibited a modesttincrease in side mirror glare: 7 to 11 lux] “200 mm” (Type

B) halogen-gource headlamp glare was higher - at~¥¥ to 12 lux.

7.5

Weighted a\
with glare rig

to 19 to 32 Iyix. Similarly for 9007 (bull type HB5), glare at the side mirror went up to a range

These calcu

Calculation
between mg
weighted avi
bulb source

incorporating axialfitaments, were more prone to producing side mirror glare. Whether this is

erages for 9004 (bulb type HB1) headlamps were similar to the halogen sealed
ing to 10 to 14 lux. For “weighted average” 9006 (bulb type HB4) headlamps, side

ated values appear.to:be consistent with the range of field measurements (See

5 from Actual Vehicle Headlamp Photometric Data — The task force reviewed
unting height\differential and various halogen source types. The data sour
brage” datay ™ Figure 2 shows that there are fairly wide variations among the vari
5. The—*market weighted average” data suggest that some of the newer h

beam headlamps,
mirror glare rose
of 19 to 37 lux.

1.1).

the relationship
Ce was “market
ous replaceable
eadlamp styles,
an artifact of the

samples the

MSelves or due to the averaging of light near the gradient has not been determing

d.

In order to look at the level of variation within a popular headlamp source type, the task force reviewed the side
mirror glare calculated from actual photometric data for a sample of late-model vehicle headlamps. Figure 3
compares side mirror illumination, versus the mounting height differential, at 15 m following distance for 5
vehicle headlamps using 9007 replaceable bulbs (bulb type HB5).

While there is considerable variation between within the sample set, it is apparent in Figure 3 that there is less
glare light at the “0” and “+10 cm” differential heights than the market-weighted data would suggest. The
averaging apparently has some effect in softening the gradients near the horizontal. Inspection of Figure 3
shows that at the point where the headlamp is slightly below the mirror, the side-mirror glare increases at an
accelerating rate. The trend is even more apparent when the headlamp is located at or above the mirror height.
The break in the curve appears to occur somewhere between 10 and O cm vertical separation between the
headlamp and side mirror.
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Figure 4 compares the lowest and highest glaring of the 9007 (bulb type HB5) headlamps (from Figure 3) with
9004 (bulb type HB1) “market-weighted” glare; calculated glare for one “H7” source lamp; and calculated glare
for one “discharge” (HID) source lamp. Inspection of Figure 4 shows that the lowest glare 9007 (bulb type
HB5) headlamps is only as good as the (“market-weighted”) average for 9004; and that HID and H7 source
headlamps behave similarly to 9007. The break in the glare curve, similar to Figure 3, again appears to be
between 0 and 10 cm (0 to 4 in) height differential between the mirror and the headlamp.

¥ 60 [
g 50 I & 5— 9004
g 40T \K\)& —A—H4
£ 30 e~ %9006
= L
g 10 I D - Ty M
E 0 L 1 1 1 1 1 1 i 1 i ) i f
-30 -20 -10 0 10 20 30
Mounting Height Differential Mirror-to-Headlamp (cm)
FIGURE 2—SIDE MIRROR ILLUMINANCE AT 15 m FOLLOWING DISTANCE—
MARKET WEIGHTED AVERAGE DATA
100.0

90.0

80.0 TE—SUV #1
5 700 > TS 2
£ 600 N P SUV #3
o 60 =
5 500 N K SUV #4
- ' .,
E 400 N *SuUV#5
2 ' E\\%\ N
=~ 300
e
£ 20.0
2

10.0

0.0 !

-20 -10 0 10 20
Mounting Height Differential Mirror-to-Headlamp (cm)

SUV VEHICLES

FIGURE 3—9007 SIDE MIRROR ILLUMINANCE AT 15 m FOLLOWING DISTANCE—


https://saenorm.com/api/?name=73845f794f44edad5d1421bed320c8d2

SAE

J2584 Stabilized FEB2011

Page 10 of 19

Mirror lllumination

8.1

8.2

8.3

100

Other Data

SUV Stopp

-20 -10 0 10 20
Mounting Height Differential Mirror-to-Headlamp (cm)

FIGURE 4—SIDE MIRROR ILLUMINANCE FOR 15 m FOLLOWING DISTANCE-
VARIOUS REPLACEABLE SOURCES

Reviewed By the Task Force

ng Distance Data—The question of increased stopping distances for SUV vehic

justification
force comp

and passerjger car types of vehicles.
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Other Potential Lighting Regulations and/or Restrictions—The task force addressed questions regarding
other possible vehicle or headlamp parameters that were inferred to be capable of achieving comparable

reductions of glare in side mirrors.

S@ o0 oe

These included:

Prohibiting certain bulb types

Customizing aiming requirements

Reducing light above horizontal

Reducing vertical gradients

Accepting ECE reduced-light-above-horizontal
Raising mirror mounting height

Requiring driver eye height elevation
Requiring only Par 56 (7 in-round) headlamps
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8.3.1 Aim MobpIFIcATION—AIm (2) was discounted because of its impact on roadway/obstacle light. The downward
aim that would be necessary to miss a mirror 20 or 30 cm below the headlamp would result in undesirable
reduction of roadway and roadway obstacle light. Added to this are other issues regarding proliferation of
aim standards, communication and enforcement of these standards.

8.3.2 BEAM PATTERN “SOLUTIONS” TO SIDE MIRROR GLARE—Beam solutions (3, 4, 5) were discussed and it was
noted that the mirror light of concern does not (necessarily) come from above the headlamp horizontal. In
many case the side mirror of a vehicle on the right is at or below the horizontal centerline of the headlamp.
European beam patterns in fact distribute light above the horizontal on the right side of the beam in some if
not most instances.

Figure 5 (ppproximately) ilustraies the approximate location of side mirrors for two headlafnps over a 15 m
to 30 m fgllowing distance. In this case, the headlamp is located 30 cm above the mirror.“[The leftmost line
represent$ the location of the side mirror with respect to the right headlamp. The rightmost line shows the
mirror location with respect to the left headlamp.

Inspection of Figure 5 reveals that the side mirror passes through most of the high intensity gone (HIZ) of the
right headlamp beam pattern. For the left headlamp (the rightmost line),the mirror is located near the right
periphery pf the HIZ.

A “solutiof” to the side mirror discomfort glare problem which involved modification of bearp patterns would
mandate & below-horizontal cutoff. The task force concludedthat’ restrictions within the high intensity zone
were neither in the best interest of the driver nor in the\best interests of internationgl beam pattern
harmonizgtion efforts in progress for the past years. Moreover such restriction would lead to reduced lane
and obstagle lighting. In the worst case, if such restrictions were tied to either mounting hgight and/or light
source ude, a confusing, proliferated, (and probably; functionally unworkable) set of specifications and
standards|would result.

(6]
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FIGURE 5—MIRROR LOCATION FROM HEADLAMP PERSPECTIVE
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8.3.3

8.3.3.1

8.3.3.2

8.3.4

8.3.5

8.4

typical halog

HEADLAMP AND/OR LIGHT SOURCE RESTRICTIONS—The task force notes that prohibitions of bulb types or
requiring only one type of headlamp (1 and 8) give no guarantee of glare reduction. While it is true that some
light sources make it easy to direct more light at the area occupied by side mirrors, there is nothing inherent
in the prohibition of one or another light source that prevents headlamp light distributions from the other light
source types from also intruding into the mirror area. Moreover it is even possible to argue that the very
headlamp light patterns which do the best roadway/obstacle lighting job (9006 and 9007 for instance), tend
to cause more side mirror problems than do their less aggressive counterparts.

Light falling in the zones depicted in Figure 5 is not an artifact of the headlamp shape, nor the specific nature
of the source lamp. Beam design preferences, projected reflector frontal boundaries, light source geometry,
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LAMP-SPECIFIC 'SOLUTIONS—The solutions involving driver eyepoint/height and n
outside thé/nominal purview and experience of the Lighting Committee. The task force viewed
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INTERRELATIONSHIPS BETWEEN “SEEING LIGHT” AND MIRROR GLARE—Appendix D smows no evidence

— 1-1/2 degrees

hirror location (6

patka, 1995). A
ce fora 40 cm x

ern.200 mm headlamp beam pattern was used to predict the loss in seeing distan

40 cm, 10% reflectance obstacle. As the headlamp height for was reduced from 1.14 m to 0.9 m (45 to 36 in;
20%), the detection distance fell 5% for an expectant driver. Non-expectant drivers, requiring greater obstacle
illuminance, would lose 8% in seeing distance.

For passenger vehicles, calculated detection distances for the “average” HB5 system, using a luminance
metric for discerning an obstacle (SAE Paper 970911), revealed only a small loss for dark (0.08 reflectance),
small (0.4 cm by 0.4 cm) obstacle. When the headlamp height is reduced from 1 m to 850 mm (40 in to 33-1/2
in or 16%), a detection distance loss of 3-1/2% (215 ft to 208 ft) is predicted for an expectant driver. A non-
expectant driver would experience about the same distance loss (but a higher percent loss).
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9.1

Rumar et al (UMTRI-99-34) reports results of studies of pavement marking (retroreflective lane stripe) visibility.
Detection distance averaged 105.4 m (346 ft) for headlamp mounting height of 1.2 m (48 in) and 93.5 m (307 ft)
for headlamp mounting height of 0.8 m (32 in). For drivers of passenger cars with mounting heights of 0.6 m,
the average detection distance for the pavement markings was 88.6 m (291 ft). Drivers of vehicles having with
headlamps at 0.8 m instead of 1.2 m (-33%) would experience an 11% reduction in lane marking visibility.
However, compared to most passenger vehicles with 0.6 m headlamp height, they would still retain a 5%
advantage detecting retroreflective pavement marking.

Rumar concludes that mounting height does positively affect visibility of pavement markings but recognizes the
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implied problem this creates in his final statement:

for both onc

“...higher headlamp mounting heights le
oming drivers and preceding drivers via rearview mirrors.”

ad to more glare

There is a1
shown that
additional s
somehow al
admits that
drivers in s
manufacturi

The task fo

mounting he¢ight accommodations beyond those for any passenger. vehicle.

Rationale f

Height Diff

approximatg 10-lux level appears to be an acceptahle glare tolerance limit for side mirror illu

based on “g
peripheral ¢

Lesser leve
New and nj

improvemennts in roadway light; along with these came some increases in glare. It is the task

the driving f
with the sig
limit at “10 |

Inspection ¢
level occurs
10cm (2 to
at this point

nore fundamental question more important than that of a loss in seeing distance
SUV vehicles have stopping distances approximately equal to that of passenger ¢

gue that SUV or pickup truck drivers deserve more seeing distance. | However
research has shown this enhancement to be distracting, disturbing_or possib
maller passenger vehicles, the logic may seem self-serving tojthese outside 0
ng industry who don’t own SUV or pickup types of vehicles.

ce could find a demonstrated need for enhancing SUV/pickup “seeing distance

br the Headlamp Mounting Height Recommendation
brential—As was noted in the previous séctions dealing with glare-acceptanc

lare exposure time” and driver’s “glare'acceptance” studies by UMTRI, and using
lare light offered by Schmidt-Clausen-and Bindels).

s of glare were once practicabfe\(if not the norm) with older incandescent style sea
ore powerful replaceable(bulb sources have given the designer the option to

ublic has accepted the\glare increases that accompanied the “halogenation” of th
hificant improvement/in roadway light. In this context the task force defined the

X,

f the various curves, in Figures 2, 3, and 4, indicates that with some exceptions
when, the -mounting height differential is between 5 cm and 10 cm i.e., the headld
1 in) bélow the mirror center. The task force also noted the obvious slope change
possibly the result of the beam cutoff located at the H-H line. This accounts for

Since data has
ars, the need for

being distance for SUV's is difficult to base on a demonstrated safety need.* It may be tempting to

, when one then
y dangerous for
f the automobile

' as rationale for

e by drivers, an
Mination. This is
the algorithm for

lled beam lamps.
make significant
orce’s belief that
e industry, along
side mirror glare

the 10 lux glare
mp center is 5 to
n the glare curve
the now-obvious

observation

il ol oY) HA| H 1 g | L 1 o L H bl Py S 4 £all
UTAt UTTiveTrS Wit STUT TTIMTUT S ToLaltcu 1ical Ul JTTuvy Ui TTUTTZuTriar Lutult Ul d 1o

experience significantly more glare than mirrors located above the cutoff.

nving vehicle with

Figure 3 depicts the variations in the 9007 (HB5) types of headlamps. The glare condition, where the mirror
illumination exceeds the desirable limit of 10 lux begins for some lamps at the 10 cm differential, while for
others there is no significant glare until the headlamp is 5 to 10 cm above the mirror (-5 to =10 cm on the x-
axis). This may be a resultant of the axial light source itself anomalies in the beam patterns/aim of the
particular set of samples.

Figure 4 shows that 9006 (HB4) “market-weighted average” lamps do not exceed the 10 lux level until they
approach a —10 cm differential. This might indicate that the apparent problem exhibited by the 9007 samples
is not inherent in the axial filament orientation, but is be due to other assignable (and correctable) causes such
as light distribution design choices, or the state of the art of the 9007-headlamp optics.
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In the judgment of the task force, selection of 10 cm differential (i.e., having the headlamp at least 10 cm below
the mirror) seemed to be unnecessarily conservative. The task force acknowledged that allowing the mirror to
be centered at or below the headlamp centerline (a zero differential), without additional control of the beam
cutoff, begs the question of beam pattern restrictions discussed in 8.3.2. Given this understanding as the more
fundamental precept, the task force chose 5 cm as the appropriate minimum headlamp-to-eye-height
differential.

9.2 The 15th Percentile Driver Virtual Eye Height—The task force reviewed the eye height data and concluded
that it was prudent to base mounting heights on the “15th percentile mirror” in passenger cars. This value was
chosen as the nominal mirror height for the purposes of defining the maximum headlamp mounting height.
The use of the 85th percentile in preference to the 50th percentile affects the mounting height by 45 mm
(1.8 in). THe task force chose the headlamp maximum mouniing height t0 accommodai€] at least 85% of
passenger ¢ar drivers. The small height penalty insures that the greater majority of passengér car drivers are
accommodated.

The task folce rejected use of the 50th percentile for several reasons: First, the difference, 45 mm (1.8 in), is
small in comparison to the large percentage of mirrors/drivers that would prebably fall b¢low the desired
separation ¢listance. Second, SAE past practice has traditionally tried to-aCcommodate at Jeast 80% of the
driving (or test) population. And, third, use of the 50th percentile might bé.viewed as a self-$erving means of
extending the aesthetic design space at the expense of a portion of the driving public. The percentage of
passenger ¢ar “driver’s discomforted” as a function of headlamp “maudnting height” is shown ip Figure 6.

60

40

20

Discomfort Glare- %

725 750 775 800 825 850
Headlamp Mounting Height (mm)

FIGURE 6-<PERCENTAGE OF PASSENGER CAR DRIVERS DISCOMFORTED

10. Summary—The Headlamp Mounting Height Task Force studied the ramifications of high he@dlamp mounting
locations uded in, Gertain passenger vehicles such as Sports Utility Vehicles and pickup truckg. The task force
took into agcount: (1) historical side mirror glare levels, (2) driver complaints, (3) glare effedts attributable to
new light sources, stopping distances for mirror neig ) the advisability
of a “beam pattern restriction” solution. The task force concluded, that in the absence of other solutions to
reducing side mirror glare, the mounting height of headlamps in passenger vehicles and small trucks, SUV’s
and pickup trucks, necessary to expose drivers to no more than “admissible” glare levels, is 850 mm (33.5 in).

11. Headlamp Mounting Height Guide—With the driver's eye/mirror is located at 895 mm and a mounting
differential of 5 cm, side mirror glare considerations suggest that the headlamp be centered at a height no
greater than 845 mm (33.3 in), i.e., 895 mm — 5 cm. In order to recognize that manufacturers will normally
allow some buffer to accommodate manufacturing variations, and so not as to give undue emphasis to the third
decimal place, the task force rounded the value for the maximum headlamp center noted above upward, to
850 mm (33.5in).
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12. Implications for Side Mirror Location—The task force notes that this recommendation is based on the
average theoretical side mirror, centered at 939 mm (37 in), and emphasizes that, all other things being equal,
vehicles with mirrors below 939 mm will expose their drivers to more (possibly significantly more) discomfort
glare than mirrors located above 939 mm.

The task force recommends that in view of the importance of the vertical height of the side mirror in controlling
driver discomfort glare, guidelines or standards regarding the minimum mounting height of the mirror be
undertaken by the industry.

PREPARED BY THE SAE ROAD ILLUMINATION DEVICES STANDARDS COMMITTEE
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