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I Introduction

Yechezkal Evan Spero (“Spero”), Patent Owner, requests reexamination of claim 6 of U.S.
Patent No. 9,955,551 (“the ’551 Patent”) in light of a substantial new question of patentability
raised by prior art not considered by the examiner during prosecution of the ’551 Patent,
specifically International Publication No. WOO01/70538 (“Stam PCT”), and U.S. Patent No.
6,406,172 (“Harbers”). Patent Owner also submits new claims 24-87, which narrow base claim 6.

Accordingly, the Patent Owner requests that the Office find a substantial new question of
patentability with respect to claim 6, order reexamination, and issue a reexamination certificate
confirming the patentability of claim 6 in addition to the proposed new claims submitted herewith.
I1. Requirements for Ex Parte Reexamination Under 37 C.F.R. § 1.510

Patent Owner satisfies each requirement for ex parfe reexamination of the *551 Patent as
stated below.

A. 37 C.F.R. § 1.510(b)(1): Statement Pointing Out Each
Substantial New Question of Patentability

A statement pointing out each substantial new question of patentability (“SNQ”) based on
the cited patents in accordance with 37 C.F.R. § 1.510 (b)(1) and (b)(2) is provided in Section VIL.

B. 37 C.F.R. § 1.510(b)(2): Detailed Explanation of the Pertinency
and Manner of Applying the Prior Art

See Sections IV, VII and IX.

C. 37 C.F.R. § 1.510(b)(3): Copy of Every Patent or Printed
Publication Cited Against the Claims

Exhibits PA-A and PA-B are the Stam PCT Publication and Harbers respectively:
PA-A Stam PCT
PA-B Harbers

References PA-A and PA-B are also listed on Exhibit SBO8 (i.e., Form PTO-SB/08.)
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D. 37 C.F.R. § 1.510(b)(4): Copy of the Entire Patent
A full copy of the 551 Patent is submitted herein as Exhibit PAT-A in accordance with 37
C.FR. §1.510(b)(4).
E. 37 C.F.R. § 1.510(a): Fee for Requesting Reexamination
In accordance with 37 C.F R. § 1.510(a), the reexamination fee has been paid as part of the
EFS-WEB submission. Any deficiency or overpayment may be debited/credited to Deposit

Account No. 023978.

F. Related Matters

The following is a current list of all matters involving the 551 Patent:

U.S. Patent Application 15/961,861 filed on April 24, 2018, which issued on January 19,
2021 as U.S. Patent No. 10,894,503 is a continuation of the ‘551 Patent. U.S. Patent Application
16/853,342 filed on April 24, 2020 is a continuation of the ‘551 Patent and is currently pending.

Reissue application, 16/858,342, was filed on April 24, 2020. This broadening reissue
application includes a total of 44 claims, including claim 6 of the original *551 Patent, which is
also included in this reexamination request. Accordingly, while there may be some overlapping
subject matter, the newly added and currently pending reissue claims relate to light sources for

illuminating subareas of an interior space and more specifically, claims directed to a room-

illumination system for adjusting light responsive to lighting characteristics within a room. In

contrast, the proposed new claims in this request for ex parte reexamination narrow claim 6.

If this request for ex parfe reexamination results in a determination and order for ex parte
reexamination under 35 U.S.C. § 1.525, it will result in concurrent office proceedings, under 37
CFR. §1.565and MPEP § 2285. Merger of the reissue and ex parfe reexamination proceedings

is, however, inappropriate in this particular situation because merger would result in “the patent
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owner [being] required to place and maintain the same claims in the reissue application and the ex
parte reexamination proceeding during the pendency of the merged proceeding.” As the reissue
application is a broadening reissue, the new claims are broader and different than the originally
issued patent claims — thus, by statute, the new claims are not subjectable to consideration in an ex
parte reexamination proceeding. Accordingly, a merged proceeding is statutorily impermissible
as these claims cannot be permissibly added to the reexamination proceeding to maintain matching
claim sets.

A stay of either proceeding is also inappropriate, in view of the requirement to conduct
reexamination and reissue proceedings with “special dispatch” per 35 U.S.C. § 305 and MPEP §
2261. As the reissue application was filed over one year ago and has not received an office action
to-date, any further delay would significantly prejudice patent owner’s ability to obtain additional
claims within the 551 Patent term, which expires in January, 2026. Given the limited patent term
remaining, stay of either the ex parfe reexamination or reissue proceeding would lead to significant
prejudice to the patent owner.

Finally, should a minor inconsistency arise between the two concurrent proceedings, it can
be readily rectified by a housekeeping amendment, prior to issuance.

HI.  Claim Construction
A. Standard of Claim Construction

In an ex parfe reexamination, claims are to be given their “broadest reasonable
interpretation” consistent with the specification and consistent with the interpretation that those
skilled in the art would reach. MPEP § 2111. The “broadest reasonable interpretation does not
mean the broadest possible interpretation.” Id. Notwithstanding the broadest reasonable

interpretation rubric, the Federal Circuit has repeatedly rejected PTO constructions that are
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“unreasonably broad” and “inconsistent” with the language of the specification. In re Suitco
Surface, Inc., 603 F.3d 1255, 1260 (Fed. Cir. 2010); see also TriVascular, Inc. v. Samuels, 812
F.3d 1056, 1062 (Fed. Cir. 2016) (“Construing words of a claim without considering the context
in which those words appear is simply not ‘reasonable’; Furthermore, "[w]hile the broadest
reasonable interpretation standard is broad, it does not give the Board an unfettered license to
interpret the words in a claim without regard for the full claim language and the written
description."). A patent applicant may consistently and clearly use a term in a manner either more
or less expansive than its general usage in the relevant art, thereby expanding or limiting the scope
of the term in the context of the patent claims. See SciMed Life Sys., Inc. v. Advanced
Cardiovascular Sys., Inc., 242 F.3d 1337, 1343-44 (Fed. Cir. 2001).
B. Summary of Claim Construction Position

As detailed in the Stam declaration and consistent with the specification in the ‘551 Patent
and the usage of the term in the claims, a person of ordinary skill in the art (POSITA) would
understand the term /ight source to mean individual LED.! (Ex. OTH-A, “Stam Decl.” at 920.)

Per the 551 Patent, the “invention comprises a novel multi-light source approach to the

design and construction of solid-state lighting fixtures (vs. solid-state lamps), which is termed a

“Digital Lighting Fixture” due to the control of individual lighting element “digits” to provide

the “correct” lighting solution for the situation at hand.” (Ex. PAT-A, ’551 Patent at 11:8-13,

emphasis added.?)

! For ease of reference, italicized font is used throughout to connote claim language.

2 Notably, a person skilled in the art understands that HID is the abbreviation for high-intensity
discharge (HID) lamps, which are a type of electrical gas-discharge lamp which produces light by
means of an electric arc between tungsten electrodes housed inside a translucent or transparent

fused quartz or fused alumina arc tube. (Ex. OTH-A at 12, fn 2.)
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As the Detailed Description of the ‘551 Patent makes clear,

[t]he system is built around a “digital” light source. That is, the emanating

lighting effect is the sum of the characteristics of a_multiplicity of discretely

controllable “digit” sources. The difference between the individual “digit” lisht

sources and their summation manifests itself in the resultant light characteristic, be
in its intensity, spatial intensity distribution, spectral energy content and spectral
intensity distribution. . . Therefore, the illuminating device may be described as a
“digital” light source or as a Multiple Solid-state Light Source (MSLS),

comprising many “digits,” SLSs, and essentially replaces the lamp of present-

day luminaires.

(Ex. PAT-A at 16:39 — 17:2, emphasis added.) Notably, ”a person of ordinary skill in the art
understands that a solid-state light source (SLS) uses light-emitting diodes as a light source, rather
than electrical filaments, plasma or gas.” (Ex. OTH-A at §20.)

The ’551 Patent explains how the “digital aspect” of the illuminating device gives rise to
“digital” “control capability” for individual LEDs or selectable groups of LEDs:

The multiple light sources of specific characteristics provide quanta of power and
spectrum which are smoothly added or detracted to generate a changed lighting

effect. The_digital aspect arises from the sufficient progression of values, varying

by minutes to produce a continuum so as to be non-discernable or irrelevant to the
user. The added controllability is realized by breaking up the light-production,

into discrete, specifically aimable, and dimmable elements which can be

addressed by control electronics for the purpose of affecting the intensity,

spectrum and spatial distribution of spectrum and of intensity of the illumination
provided by the luminaire of the present invention.

The overall combination of control capability and discrete light sources vields a

digital lighting fixture. The terminology “digital” as used herein refers to the

discrete nature of the multiple LED lamps provided in the luminaire, whereby

“digital” control results from the individual control of the discrete, i.e. “digital”
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lighting elements, the LEDs, in the luminaire.

(Ex. PAT-A at 2:51-3:3, emphasis added; Ex. OTH-A at §21.)
The specification of the ’551 Patent further demarcates the invention in relation to the prior
art:

[tlhe advance over prior art is a solid-state light source with increased: 1.
Efficiency—more effective lumen per watt electricity. 2. Durability—physical
strength, life expectancy, lumen maintenance and spectral stability. 3. Lighting
quality—as related to visual comfort and “atmosphere.” 4. Functionality—ability
to control the light placement, intensity and color temperature and do so as needed.

5. Energy savings 6. Lower overall lifecycle cost.

(Ex. PAT-A at 11:66-12:6, emphasis added.)

More specifically, the specification makes it clear that the desired control functionality is
facilitated by the ability to break “the total light output into discrete (digital) specifically aimable
and dimmable elements” and determine the “selection and placement of light sources” for the
“correct lighting practice”:

Integrating the light source with power conditioning electronics, control
circuitry and sensors gives additional cost benefits and functionality including:
1. Mass production capability 2. Sealed-for-life fixture 3. Exact optical
performance less spill light 4. Compact design 5. Feedback control and recalibrated
color consistency over the device lifetime 6. Real-time lighting needs

adaptability ...

In summary, as opposed to LED industry trends of going with a single large
source, the present invention provides multiple smaller sized sources of
differing characteristics such that their combined effect is greater than that which
could have been offered by sum of the individual parts operating separately. The

added controllability offered by breaking the total light output up into discrete
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(“digital”) specifically aimable and dimmable elements which can be
addressed by control electronics to effect intensity, spectrum and spatial
distribution of intensity and spectrum, yields a lighting fixture (vs. lamp) of

unparalleled performance.

Unique to this patent is the approach. It is the approach of a lighting
manufacturer who provides lighting solutions versus that of a lamp manufacturer

who produces a generic lamp.

The process includes determining: the correct lighting practice for the
application; the surroundings; the selection and placement of light sources and
their integration with the mechanical support and; electronic control elements to

realize the objective.

(Ex. PAT-A at 12:7-13, 24:37-47, 11:62-65, 13:63-65, emphasis added; Ex. OTH-A at §22.)
The specification of the ’551 Patent also ties control functionality to the ability to “adjust
power to SLS”:

In a preferred embodiment the DLF contains logic control electronics unit 7.
Logic control electronics unit, 7, receives input and/or feedback from motion,
intensity and/or spectral sensors 8, or from manual control button 9 and
increases or decreases or turns on or shuts off the power to one or more of the
SLS to effect the desired change. That is, the control logic unit 7 has stored
parameters for intensity and spectral distribution and operates the MSLS lamp
within the predefined range. The control unit may include a DSP or computer with
storage media, computer algorithms, signal input and output electronics, analog to
digital converters, and communications elements to carry out intensity, distribution,
dimming and color balance control. Computer algorithms and instruction sets 7A
are induced by the logical controller to manipulate data, calculate results generate
output signals and maintain the operating parameters within the specifications.

Measured parameters are checked against the store parameters and the
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control circuitry adjusts the power to SLS.

(Ex. PAT-A at 25:34-52; Ex. OTH-A at 122.)
Finally, the Field of the Invention expressly excludes traditional lighting sources: “[t]he

invention relates to multiple light source illuminating devices intended to replace incandescent,

fluorescent and HID luminaires in general and specialty lighting applications.” (Ex. PAT-A at
1:33-35, emphasis added; Ex. OTH-A at 923.) While the specification provides a “laundry list of
potential light sources” at 16:47-51, when read in the context of the overall specification and the
usage of the term Jight source in the claims, the proffered construction follows. (Ex. OTH-A at
924.) Construing the term /ight source to include incandescent, fluorescent and HID light sources
“doesn’t make sense” in reference to the claims—see for example, claim 1 which requires a
multiplicity of independently controllable light sources. (Id.)

Thus, pursuant to the broadest reasonable construction rubric, consistent with the teachings
in the specification and the claim language, a person of ordinary skill in the art would construe the
claim term /ight source to mean an individual LED. (Ex. OTH-A at §25.)

IV.  Background of Automotive Lighting Industry

The state of the automotive lighting industry in 2001-2002 can be gleaned from prior art
patent filings. One reference in particular, U.S. Patent No. 6,281,632, filed on April 2000 and
issued to Stam et al. (Ex. PA-C, “Stam ‘632”), serves as a guidepost on development efforts and
the state of expert knowledge during the relevant time period. (Ex. OTH-A at §27.)

As of 2001, researchers were developing technologies for continuously variable
headlamps, able to change the intensity of light and/or the direction of light emitted by the
headlamps. (Ex. PA-C at 1:21-24.) According to the ‘632 patent, the intensity of headlamp

illumination could be “accomplished in several different” ways by: 1) providing “a pulse width
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modulated (PWM) signal to the headlamp and “varying the duty cycle of the headlamp power,”
2) providing a “PWM signal to a lamp driver integrated circuit,” 3) through high intensity
discharge (HID) headlamps—" a new, highly efficient headlamp technology”—wherein “ballasts
used to power HID lamps can be directly supplied with a control signal to vary headlamp
illumination intensity”; and 4) providing “an attenuating filter to absorb some of the light emitted
from the headlamp.” (Ex. PA-C at 1:26-48; Ex. OTH-A at §27.) As the ‘632 patent filing
evidences, there were also several known means for changing the direction of light emitted from
headlamps:

Headlamp aim can be varied using actuators [such as stepper motors] to move the
headlamp housing relative to the vehicle. . .For headlamps with appropriately
designed reflectors, mechanically moving the light source relative to the reflector
can change headlamp beam direction as well as headlamp illumination intensity.
Additionally, with HID headlamps, the headlamp beam can be aimed by “deflecting

or perturbing the arc in such a way as to vary the lamp output.
(Ex. PA-C at 1:52-65; Ex. OTH-A at 428.)
During the relevant time, industry experts were also interested in continuously variable

headlamps:

Automatic control of continuously variable headlamps offers several potential
benefits over automatic control of traditional on-off headlamps. Greater flexibility
for illumination is available, allowing headlamp illumination to be better adapted
to driving conditions. Also, continuously varying the headlamp illumination does
not create rapid changes in illumination that may startle the driver.

(Ex. PA-C at 2:13-19; Ex. OTH-A at 929.)

Per the ‘632 patent, “one of the oldest methods [for a continuously variable headlamp] is

to aim the headlamp in the same direction as steered wheels. Another method increases the
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illumination range in proportion to vehicle speed.” (Ex. PA-C at 2:22-24; Ex. OTH-A, at 30.)
“Still another method of controlling headlamps has been developed for HID lamps. The increased
brightness and blueish color of the HID lamps is particularly disrupting to oncoming drivers. Due
to this disruptness effect, certain European countries require headlamp leveling systems.” (Ex. PA-
C at 2:25-29; Ex. OTH-A at 31.)

In addition to benchmarking the state of automotive lighting development, the specification
of the ‘632 patent identified a persistent deficiency with continuously variable headlamps: “One
problem with current continuously variable headlamp control systems is the inability to consider
oncoming or leading vehicles in determining the illumination range of the headlamps.” (Ex. PA-
C at 2:35-38; Ex. OTH-A at §32.) Per the ‘632 patent, prior art solutions to modify illumination in
view of oncoming and leading vehicles suffered from several problems. In particular, prior art
systems lacked “color discriminating capability” and thus prior art imaging systems were
“incapable of accurately determining lateral and elevational locations of headlamps or tail lights
at any distance.” (Ex. PA-C at 2:54-60; Ex. OTH-A at §32.)

To address the above-identified problem, Joseph S. Stam and his colleagues at Gentex Corp
filed US 09/800,460 in March, 2001, which issued as U.S. Patent No. 6,587,573 (Ex. PA-D, “Stam
‘573”) in July, 2003. Stam ’573 focused on how to improve automatic high beam dimming
functionality by improving image detection capability using an image array sensor to 1) distinguish
“nuisance” light sources, taillights and oncoming lights to avoid unnecessary switching to low
beams; and 2) develop a more intelligent set of automatic high beam controls of halogen/HID light
sources based on the location of detected objects. (Ex. PA-D; Ex. OTH-A at §33.)

In his declaration, in reference to Stam ‘573 and its related filings (“°573 Family of

Patents”), Stam states that the “patent applications I filed during this time describe detailed
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methods for distinguishing “nuisance” light sources, such as reflectors, street signs, streetlights
and house lights, from taillights and oncoming headlight sources using a coordinate-specific image
array sensor and microprocessor that employs various algorithms using location, brightness and
color information.” (Ex. OTH-A at q34.) Per Stam, these filings specifically outline image
detection control strategies to adjust illumination to avoid glare based on the identification or type
of detected objects by 1) turning them on/off or varying the intensity of the light sources and 2)
changing the direction of the light sources using motors. (Ex. OTH-A at q35.) Exemplary
illumination patterns are shown in Figs. S0A-50C of the ‘573 Patent. (Ex. PA-D Figs. S0A-50C;
Ex. OTH-A at 135.)

As Stam explains in his declaration, in the ‘573 Family of Patents, “the auto high beam
control teachings contemplated halogen or HID light sources as those technologies were proven
and reliable at the time.” (Ex. OTH-A at §36.) Stam goes on to state that while he was working
at Gentex, “high-powered white light LED technology was still in a nascent stage, with LED
experts working on improvements to lamp technology and the related supportive environment
needed for LED applications.” (Ex. OTH-A at §36.) “LEDs suffered from several technical
constraints at the time, with issues related to product variability, power restrictions, thermal load
requirements, production of white light and lighting output.” (/d.) Stam further provides that
“[a]lthough LEDs were known to be more energy efficient, the technology was overly complex,
unreliable and too costly for front headlights.” (Ex. OTH-A at §37.)

Thus, in 2003 and for several years thereafter, “those skilled in the art of auto headlight
design and controls used LEDs for taillights and interior spotlights but not front headlights.” (/d.)
By way of example, EP1391347, filed in July, 2003 by HELLA (a global developer and

manufacturer of automotive lighting), is directed to a pivoting, auto high-beam lamp devoid of any
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teaching of the use of LEDs and U.S. Patent No. 6,752,523 filed in October 2002 by Koito (a
global developer and manufacturer of automotive lighting), discloses the use of LEDs for taillights
but not headlights. (/d.) LED headlights were first used in vehicles in 2007-2008. See, Toyota’s
use of a partial LED headlight in 2007 and Audi’s introduction of full LED headlights in 2008.
(Ex. 1 Motor Authority, Ex. 2 Audi Technology Portal; Ex. OTH-A at §38.) See, Koito’s
development chronology, which lists “Production and sales of the world’s first LED Headlamps”
in May 2007; HELLA’s product history timeline, which lists “HELLA develops the first full LED
headlamp for the Cadillac Escalade Platinum” in 2008 and “First full LED headlamp with AFS

functions Audi A8” in 2010. (Ex. 5 Koito at 1; Ex. 6 HELLA at 1; Ex. OTH-A at §38.)

V. The Prior Art Asserted References
A. Stam PCT

Stam PCT (WO 01/70538), filed on March 20, 2001, is part of the ‘573 Family of Patents.
(Ex. PA-A at 1.) Stam PCT is directed to a system for controlling exterior vehicle lights, wherein
the control system “comprises an imaging system configured to image the scene forward the
controlled vehicle, and a control circuit for processing the image of the scene obtained from the
imaging system and for controlling the exterior lights to change their beam pattern in response to
objects detected in the processed scene.” (Ex. PA-A at 2-3)

Per Stam PCT, the control circuit can turn the lights on/off or change brightness and aim
to produce beam patterns that avoid causing excessive glare:

Ideally the exterior lights are controlled such that if an observer is located in a
vehicle within a ‘glare area’ relative to the vehicle (i.e., the area in which the
observer would perceive the brightness of the exterior lights as causing excessive
glare), the beam illumination pattern is varied such that the observer is no longer in

the glare area. The perceived brightness and/or glare area of the headlamps (and/or
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other exterior lights) may be varied by changing the illumination output of the one
or more of the lights forming the headlamps, activating or deactivating some or all
of the lights, altering the illumination pattern forward of the vehicle, or a

combination of the above.
(Ex. PA-A at 9; Ex. OTH-A at 47.)

As Stam explains in his declaration, in reference to the above excerpt, “activating or
deactivating ‘some or all of the lights’ refers to low beam, high beam or side bending lights, which
is distinct from any teaching involving individual light emitters within a lamp.” (Ex. OTH-A at
148.)

As outlined in Stam PCT, the known technical constraints with LEDs in 2001-2002, limited
LED usage in headlights:

It has long been considered to be desirable to provide headlamps that can be steered
in the direction that the vehicle is turning. It is also desirable to provide forward
lighting that can be turned OFF, or substantially attenuated, for such a short period
of time that the driver does not notice that the lights are OFF. In this way, reflections
do not exist during image acquisition. Although a light emitting diode (LED) lamp
can be used to provide these features in a cost-effective manner, LED lamps

producing enough licht to implement a vehicle headlamp are not commercially

available. LEDs suffer from a number of disadvantages that limit their application

in vehicle headlamps. not the least of which are the relatively small amounts of

licht produced by LEDs and manufacturability limitations when incorporating

LEDS having exotic constructions. Because of these disadvantages, LED lamps

have not been used to implement a vehicle headlamp despite the fact that LEDs are

more rugeed. more energy efficient, and significantly longer lasting than other light

technologies. Additionally, means of producing white light from LEDS have only
recently become practical as discussed in U.S. Patent No. 5,803,579, entitled
ILLUMINATOR ASSEMBLY INCORPORATING LIGHT EMITTING
DIODES, issued to John K. Roberts et al. on September 8, 1998.
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(Ex. PA-A at 72-73, emphasis added; Ex. OTH-A at §50.)

As a result of the technical issues with LEDs in 2001-2002, the Stam PCT disclosure is
limited to two LED applications that could be used as a complement to and/or as a substitute for
halogen/HID light sources, to address specific imaging challenges and improve auto high beam
functionality. (Ex. OTH-A at §51.) More specifically, though the Stam PCT teachings are directed
to halogen/HID light sources, it discloses two limited uses for LED applications—to address
flashing and steering:

One of these LED applications focuses on the problem of flashing, which occurs

when reflections off an object, such as a sign, are misinterpreted by the image

sensor as an oncoming vehicle and trigger disruptive, rapid high/low beam flashing

(repeatedly turning high beams on and off). As one solution for headlamp flashing,

we contemplated the use of LEDS to rapidly reduce the light levels or turn the

LEDS off, during an image-sampling interval, so that the reflections do not exist or

interfere with image acquisition and processing. If done fast enough, the driver

would not notice the change in light levels and the problem of flashing would be

rectified. Such rapid reduction of intensity would be difficult or impossible with

halogen/HID light sources.
(Ex. PA-A at 73-75; Ex. OTH-A at §52.)

The second LED application focused on an improved way to “steer” the light source by
replacing the halogen/HID light with an LED array that could be aimed at a fixed angle for auto
high beam applications. To facilitate “steering” for auto high beam applications, we disclosed use
of an LED array to 1) help provide sufficient output light and 2) project light in more than one
either horizontal (see Fig. 27) or vertical direction (see Fig. 28) by providing a support member

with two different angled orientations. In all cases, the LED arrays were connected together and

operated by a single controller, such that the entire array would be on/off or dimmed, as shown in
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Fig. 26a. (Ex. PA-A at 77-79; Ex. OTH-A at 953.)

As the Stam declaration specifically points out, in, Fig. 26a, every optical radiation emitter
(LED chip) 2603 is electrically connected together “to electrical conductor strip 2607 through a
wire bond 2609 and a resistor 2611. Each of the emitters 2605 is connected to electrical conductor
strip 2613 through a bonding wire 2615 and a resistor 2617.” (Ex. PA-A at 74; Ex. OTH-A at §54.)
“Since electrical conductor strips 2607, 2613 are shown to be common to multiple LED chips, they

necessarily are not individually controlled or controllable.” (Ex. OTH-A at 54.)

T P

The Stam declaration further provides:

In Figs. 50a-50c, we illustrate the types of illumination beam patterns that can be
produced from the disclosed auto high beam applications. In each case, the light
source is treated as a fixed block of light—whether halogen/HID or an LED array—
that can be ‘steered’ up/down or right/left by varying the power to the LED array—
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treating an array of LEDs as a unit that would be operated together.

(Ex. OTH-A at §55.)

Another headlamp configuration is depicted in Fig. 28, in which two LED arrays are
provided, for low and high beams, and each array is treated as a single unit to be operated together:

[a]nother alternative design for a headlamp for providing low and high beams is
illustrated in Fig. 28. The headlamp 2800 includes a heat extraction member 2801
having two lamp sections 2803 and 2805. The heat extraction member 2801 is

configured to include the two lamp sections 2803 and 2805, each of which is

substantially identical to lamp 2601 [in Fig. 26a]. The heat extraction member

provides two front faces at an angle of 1° to 2°, and may advantageously be angled
at approximately 1.5°. The angle is exaggerated in Fig. 28 so that the angled

surfaces are readily visible.

(Ex. PA-A at 79, emphasis added; Ex. OTH-A at §56.)
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In reference to Fig. 28 and the two separate LED lamp sections, 2803 and 2805 for high
and low beams, the specification states: “[b]y controlling the selection of the LEDs that are
illuminated, the headlamps can be aimed.” As Stam make clear, “[w]hen read in context this
sentence is consistent with the Stam PCT teaching that one or more LED arrays can be controlled
as a single unit and in that capacity, the light from the headlamps can be steered and aimed.” (Ex.
OTH-A at §57.)

Stam also highlights the teaching absent in Stam PCT:

[1]n the ‘573 Family of Patents and the Stam PCT we did not disclose a digital
headlamp that included individually controllable LEDs that could be controlled to
illuminate a defined coordinate-specific region. The ‘573 Family of Patents and

Stam PCT did not teach or suggest controlling the individual LED or a selectable
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group of LEDs within the array based on image detection at a given coordinate-

specific location.

(Ex. OTH-A at §58.)
In his declaration, Stam explains how Stam PCT treated light and the resulting impact:

While the ‘573 Family of Patents and Stam PCT disclosed an improved
continuously variable lighting system that could adjust the intensity of the high
beams and aim the headlamp beam to avoid glaring an oncoming and/or preceding
vehicle, in all cases, light was treated as a fixed block to be moved or adjusted in a
particular direction. As aresult, the presence of one or more oncoming or preceding
vehicles, would cause a driver’s field of view to be lit primarily by the low beam

lighting.

(Ex. OTH-A at 959.)

The Stam declaration also provides clarity on the use of GPS or map data in Stam PCT:
Additionally, neither Stam PCT nor the ‘573 Family of Patents disclose use of a GPS or map data
to generate coordinate-specific illumination patterns in response to upcoming road curvatures. In
his declaration, Stam states:

I mention use of GPS embodiments to determine the location of the vehicle and
whether the vehicle is on a residential, country or town street, to determine whether
“super” high beams were appropriate. I also disclose “bending lights” in which the
light source aim is varied horizontally or separate lamps are lit to provide better
illumination when turning. As with the other embodiments, I viewed each
individual light source or an LED array as a single light source unit. I did not
disclose individual control of the LEDs within an array into individually controlled
elements or clusters.  As such, I did not disclose using image detection in
combination with GPS and map data to generate illumination patterns formed by

individual LEDs or selectable clusters of LEDs within an array in response to
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upcoming road curvatures.

(Ex. OTH-A at 960.)
Finally, Stam makes it clear that

[1]t was not until US Patent No. 6,861,809 which was filed on September 5, 2002
and published on June 12, 2003 that we first described the use of individually
controllable LEDs where a portion of the LEDs within an array could be dimmed

or turned off to avoid glaring an oncoming vehicle.

(Ex. PA-E, Stam ‘809 patent; Ex. OTH-A at §61.)
See Fig. 7b and the accompanying description: “[a]lternatively, the window 700 may contain

several independently controlled blocks 702 as shown in Fig. 7B. There may be any number of

blocks, depending on the granularity of control that is desired. By selectively darkening these
blocks, almost any desired beam pattern can be achieved.” (Ex. PA-E at 13:6-14:3, emphasis
added; Ex. OTH-A at 61.)

As laid out in the Stam declaration: “no other companies were offering LED headlamp
technology let alone contemplating this sort of LED-to-image correlation in 2003. Given the
nascent state of LED technology, those in the field of automotive lighting, were not contemplating
such LED applications at the time.” (Ex. OTH-A at §62.)

This is further evidenced by the development chronology outlined in the websites of two
leading global headlamp suppliers, Koito and HELLA. (Ex. OTH-A at §61.) It wasn’t until 2007
that the first LED headlamps were produced by Koito, and fully adaptive LED headlamps were
not developed until 2010 by HELLA. (/d.) See, Koito’s development chronology, which lists
“Production and sales of the world’s first LED Headlamps” in May 2007; Hella’s product history

timeline, which lists “HELLA develops the first full LED headlamp for the Cadillac Escalade
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Platinum” in 2008 and “First full LED headlamp with AFS functions Audi A8” in 2010. (Ex. 5 at
I; Ex. 6 at 1; Ex. OTH-A at §62.)

It bears emphasis that prior to solving the issue of image detection, adaptive lighting
technology that correlated the LED controls to coordinate-specific image detection was not
feasible. (Ex. OTH-A at q63.)

B. Harbers

Harbers, U.S. Patent. No. 6,406,172 (Ex. PA-B, “Harbers ‘1727), is directed to a headlamp
and dynamic lighting system with a light source comprising a plurality of opto-electronic elements,
preferably LEDs. In Harbers, the

spatial distribution of the light beam generated by the light source is continuously
adjustable.. Preferably, the spatial distribution is influenced by the speed of the
vehicle, the rotational position of the steering wheel of the vehicle, the weather
conditions, and it can also be influenced by the driver. Preferably, the spectral
characteristics of the light beam generated by the light source depend on the
position in the light beam. The light beam comprises at least two beam segments

having essentially different spectral characteristics.
(Ex. PA-B at Abstract, numerical identifiers omitted; Ex. OTH-A at q64.)

Though Harbers is continuously adjustable by the driver or in response to a specific set of
defined inputs, Harbers doesn’t disclose any sensor capable of detecting objects or targets in the
illuminated area. (Ex. OTH-A at 965.)

As Stam lays out in his declaration,

[p]rior to the development of image detection systems--such as the kind disclosed
in the ‘573 Family of Patents and Stam PCT— headlamp systems employed auto
high beam technology that generally relied on photodiode sensors, where any
incident light would activate the photodiode sensors and cause the headlamp to

unnecessarily switch from high beam to low beam. As pointed out in the *573
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Family of Patents and Stam PCT, the inability to discriminate between light sources

minimized the effectiveness of prior art auto high beam technology.

(Ex. PA-D at 1:65 -14:3; Ex. OTH-A at 966.)

Similarly, prior to the image detection systems disclosed in the ‘573 Family of Patents,
continuously variable headlamps would aim the headlamp in the same direction as steered wheels
and/or increase illumination range in proportion to vehicle speed, providing wvariability but not in
reaction to the presence of oncoming or preceding vehicles. (Ex. PA-C at 2:22-24; Ex. OTH-A at
166.)

VI.  Overview of the ’551 Patent
A, Prosecution History

U.S. Patent Application No. 13/357,549 (“the ‘549 application”) that resulted in the 551
Patent was filed on January 24, 2012 and claims priority as a Continuation-In-Part to U.S. Patent
Application No. 10/604,360, filed July 14, 2003, which was granted as US 8,100,552 on January
24,2012, now lapsed, which claims benefit to U.S. Provisional Application No. 60/395,308, filed
on July 12, 2002 and U.S. Provisional Application No. 61/535,981, filed on October 17, 2011.
Notably, the patent applicant, Mr. Spero handled the prosecution of the ’551 Patent on his own in
as a pro-se applicant as mentioned in, for example, the Reply to Non-Final Office Action dated
August 13, 2017 and the Reply to Office Action dated June 23, 2015,

In the first non-final action, mailed on October 10, 2014, all claims 1-26 were rejected.
Claim 4 was rejected under 35 U.S.C. §112, sixth paragraph. (Non-Final Office Action, dated
October 10, 2014, pp. 2-5.) Claim 4 was also rejected under 35 U.S.C. §112, first paragraph, as
failing to comply with the written description requirement. (Non-Final Office Action, dated

October 10, 2014, pp. 5-6.) Claims 20 and 25 were rejected under 35 U.S.C. §112, second
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paragraph, as being indefinite. (Non-Final Office Action, dated October 10, 2014, pp. 6-7.) Claims
1-3, 5-24 and 26 were rejected under 35 U.S.C. 102(b) as being anticipated by Spero et al, US
2004/0105264 (“Spero”). (Non-Final Office Action, dated October 10, 2014, pp. 7-17.) Claim 4
was rejected under 35 U.S.C. §103(a) as being unpatentable over Spero in view of Kiyohara et al,
US 2006/0222213 (“Kiyohara™). (Non-Final Office Action, dated October 10, 2014, pp. 18-19))
Claim 25 was rejected under 35 U.S.C. §103(a) as being unpatentable over Spero in view of Savage
et al, US 2004/0138726 (“Savage”). (Non-Final Office Action, dated October 10, 2014, pp. 19-
20.)

A response was filed on January 12, 2015, but the claims were not entered pursuant to a
Notice of Non-Compliant Amendment mailed January 15, 2015. A subsequent claim set was filed
and entered on March 16, 2015, amending claims 16, 20 and 25. Claim 16 was amended to add
the letter “n” to the word “and.” (Amendment dated March 16, 2015, p. 6.) Claim 20 was amended
to change “feeding information to a controller” to “transferring information to a controller,” to
change “a controller” to “where said controller,” and to change “for adjusting” to “adjusts.”
(Amendment dated March 16, 2015, p. 6.) Claim 25 was amended to delete “SAD and other” and
add “selected from the group consisting of seasonal affective disorder, sleep disorders, circadian
rhythm disorders, delayed sleep phase syndrome, vitamin D deficiency and skin disorders” after
“disorders” (previously modified by the now-deleted “SAD and other”). (Amendment dated March
16,2015, p. 8.)

Another non-final action was mailed on June 23, 2015, in response to the Amendment
dated March 16, 2015. Claim 7 was rejected/objected to for antecedent basis reasons under 35
U.S.C. §112. (Non-Final Office Action, dated June 23, 2015, p. 2.) Claims 1 and 3 were rejected

under 35 U.S.C. §103(a) as being unpatentable over Morgan et al., US 2002/0047628 (“Morgan”)
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in view of Lys et al., US 2002/0047646 (“Lys”). (Non-Final Office Action, dated June 23, 2015,
pp. 3-4.) Claim 2 was rejected under 35 U.S.C. §103(a) as being unpatentable over Morgan and
Lys in view of Amerson et al., US 6,379,022 (“Amerson”). (Non-Final Office Action, dated June
23, 2015, p. 4-5.) Claim 4 was rejected under 35 U.S.C. §103(a) as being unpatentable over
Morgan and Lys in view of Kinjo et al., US 2002/0046100 (“Kinjo”). (Non-Final Office Action,
dated June 23, 2015, pp. 5-6.) Claim 5 was rejected under 35 U.S.C. §103(a) as being unpatentable
over Morgan and Lys in view of Zampini et al., US 2008/0136356 (“Zampini”) and Bolle et al.,
US 5,546,475 (“Bolle”). (Non-Final Office Action, dated June 23, 2015, pp. 6-8.)

Independent claim 6 was rejected under 35 U.S.C. §103(a) as being unpatentable over
Morgan in view of Amerson. (Non-Final Office Action, dated June 23, 2015, pp. 8-9.) Claim 7
was rejected under 35 U.S.C. §103(a) as being unpatentable over Morgan and Amerson in view of
Chang et al., US 2002/0039238. (Non-Final Office Action, dated June 23, 2015, pp. 9-10.)

Claims 8-17 were rejected under 35 U.S.C. §103(a) as being unpatentable over Morgan in
view of Lys and further in view of Amerson. (Non-Final Office Action, dated June 23, 2015, pp.
10-18.) Claims 18-19 were rejected under 35 U.S.C. §103(a) as being unpatentable over Morgan
in view of Lys in view of Amerson and further in view of Lemelson et al., US 5,983,161. (Non-
Final Office Action, dated June 23, 2015, pp. 18-19.)

Claims 20-26 were rejected under 35 U.S.C. §103(a) as being unpatentable over Morgan
in view of Lys. (Non-Final Office Action, dated June 23, 2015, pp. 20-25.) The Examiner found
arguments with regards to claims 1-26 persuasive but entered new grounds of rejection as indicated
hereinabove. (Non-Final Office Action, dated June 23, 2015, pp. 25-26.)

A response was filed on September 23, 2015. Claim 7 was amended to include the

language “wherein one or more light sources are directional” in response to the pseudo-§112
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rejection noting the antecedent basis issue as noted hereinabove. (Amendment dated September
23,2015, p. 3.) No other amendment was made.

A final rejection was mailed on October 5, 2015. This rejection reiterated all the prior
rejections of the Non-Final Action of June 23, 2015, as noted hereinbelow and cited hereinabove,
with the exception of the pseudo-§112 rejection for antecedent basis of claim 7.

Claims 1 and 3 were rejected under 35 U.S.C.§103(a) as unpatentable over Morgan in view
of Lys. (Final Office Action, dated October 5, 2015, pp. 2-4.) Claim 2 was rejected under 35
U.S.C. §103(a) as unpatentable over Morgan in view of Lys and further in view of Amerson. (Final
Office Action, dated October 5, 2015, p. 4.) Claim 4 was rejected under 35 U.S.C. §103(a) as
unpatentable over Morgan in view of Lys and further in view of Kinjo. (Final Office Action, dated
October 5, 2015, pp. 5-6.) Claim 5 was rejected under 35 U.S.C. §103(a) as unpatentable over
Morgan in view of Lys and further in view of Zampini and Bolle. (Final Office Action, dated
October 5, 2015, pp. 6-7.)

Claim 6 was rejected under 35 U.S.C. §103(a) as unpatentable over Morgan in view of
Amerson. (Final Office Action, dated October 5, 2015, pp. 7-8.) Claim 7 was rejected under 35
U.S.C. §103(a) as unpatentable over Morgan in view of Amerson and further in view of Chang
and Lys. (Final Office Action, dated October 5, 2015, pp. 8-10.)

Claims 8-17 were rejected under 35 U.S.C. §103(a) as unpatentable over Morgan in view
of Lys and further in view of Amerson. (Final Office Action, dated October 5, 2015, pp. 10-17.)
Claims 18-19 were rejected under 35 U.S.C. §103(a) as being unpatentable over Morgan in view
of Lys and further in view of Amerson and Lemelson. (Final Office Action, dated October 5,

2015, pp. 17-19.)
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Claims 20-26 were rejected under 35 U.S.C. §103(a) as being unpatentable over Morgan
in view of Lys. (Final Office Action, dated October 5, 2015, pp. 19-25))

Applicant filed a response after final on February 5, 2016, including amendments to claims
1, 3, 5, and 6-8 and cancellation of claim 9. This response received an Advisory Action on Feb.
26, 2016, indicating non-entry of the Amendment.

Applicant thereinafter filed an RCE on May 26, 2016. The amendment included with the
RCE amended claim 1 as follows: 1) Revision of “An illuminating device which produces light to
meet an illumination requirement of an illuminated area...” to “A light fixture for illuminating an
area to be lit capable of automatically meeting specific illumination requirements of difference
sub-areas within the area to be lit...”; 2) Revision of “a light fixture including multiplicity of
directional light sources, including at least two light sources pointing in different directions...” to
“a multiplicity of independently controllable light sources, including at least two light sources of
directional light output, such that each said source substantially illuminates a different sub-area
within the area to be lit...”; and 3) Revision of “one or more detectors for sensing at least one of
objects, surfaces and people within the illuminated area to be lit...” to “one or more detectors for
sensing at least one of objects, surfaces and beings within the area to be lit including the specific
sub-area location information...” (Amendment dated February 05, 2016, p. 2.)

Claim 3 was amended to change “wherein the controller taking into considerations the
area...” to read “wherein the controller taking into considerations the intensity variations over the
area...” (Amendment dated February 05, 2016, p. 3.)

Claim 5 was amended to change “detect an identity of one or more foods...” to “detect an

identity of one or more foods in a sub-area.” (Amendment dated February 05, 2016, p. 3.)
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Claim 6 was amended to change “one or more cameras placed on the structure for detecting
information...” to “one or more cameras placed on the structure for detecting coordinate-specific
information...” (Amendment dated February 05, 2016, p. 4.)

Claim 7 indicated an amendment, but no amendment is apparent from the record.
(Amendment dated February 05, 2016, p. 4.)

Claim 8 was amended to make the following changes: 1) Addition of “where different sub-
areas of the illuminated area need to be illuminated at a different intensity and/or at a different
spectrum than another sub-area of the illuminated area...” to the preamble; 2) Addition of “thereby
illuminating different sub-areas of the illuminated area...” to the first limitation of the claim;
Addition of 3) “according to best-practice standards” following “upon calculating the required
illumination parameters...”; and 4) Addition of “that illuminates the specific sub-area...”

29

following “the controller to adjust the directional light sources...” at the end of the claim.
(Amendment dated February 05, 2016, p. 5.)

Claim 9 was cancelled and the remaining claims were renumbered and amended to adjust
their dependency based on the renumbering. (Amendment dated February 05,2016, pp. 5-8.) The
Advisory Action also advised that this renumbering should not have occurred, although subsequent
Examination appears to have relied on the renumbering. (See, e.g., Index of Claims dated August
15,2016.)

Another Non-Final Rejection was issued on August 15, 2016. This rejection objected to
claim 1 which was missing the word “and,” to the use of “claim 20” in claims 20, 21 and 25, where
“claim 19” should have been used, the use of “One” instead of “one” in claim 21, and the use of

“claim 21” in claims 22-24, where “claim 20” should have been used. (Non-Final Office Action,

dated August 15, 2016, p. 2.)

Page 37 of 1219 26 SPERO EX. 2023



Claims 1-2, 5-7, 19 and 21-25 were rejected under 35 U.S.C. §102€ (e) as being anticipated
by Kuhlman et al. 2012/0287493 (“Kuhlman”). (Non-Final Office Action, dated August 15, 2016,
pp. 3-7.) Claims 8-18 were allowed, and claims 3-4 and 20-24 were indicated as being allowable
if rewritten in independent form including all of the limitations of the base claim and any
intervening claims. (Non-Final Office Action, dated August 15, 2016, p. 7.)

An amendment was filed on January 16, 2017. The amendment amended claim 1 to add
the word “and” as required by the Examiner. (Amendment dated January 16, 2017, p. 2.) The
amendment further addressed the remaining numbering objections as noted above, without further
substantive amendment to the claims. (Amendment dated January 16, 2017, pp. 7-8.)

A further Non-Final Rejection issued on May 1, 2017. One claim objection was noted,
namely in claim 19, objecting to “a where said controller for adjusting adjusts” and indicating that
this should be changed to “wherein said controller for adjusting...” (Non-Final Office Action,
dated May 1, 2017, p. 2.) Objection was also made to the drawings as requiring a showing of
“power and control device elements” as recited in claim 6. (Non-Final Office Action, dated May
1, 2017, p. 2.) Claims 19 and 25 were rejected under 35 U.S.C. §102(e) as being anticipated by
Mueller et al., 2004/0052076 (“Mueller”). (Non-Final Office Action, dated May 1, 2017, pp. 3-
5.) Claims 1-5 and 8-18 were indicated allowable. Claims 6-7 were indicated allowable subject
to correction of the objection. Claims 20-24 were indicated as allowable if rewritten in
independent form including all of the limitations of the base claim and any intervening claims.
(Non-Final Office Action, dated May 1, 2017, p. 5.)

An amendment was filed on August 1, 2017. The amendment amended claim 19 to correct
the objection noted above, by changing “a where said controller for adjusting adjusts” to “wherein

said controller for adjusting, adjusts...” (Amendment dated August 1, 2017, pp. 6-7.)
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A Final Office Action was issued on August 11, 2017. An objection to the word “a” in line
6 of claim 19 was included. (Final Office Action, dated August 11, 2017, p. 2.) Claims 19 and 25
remained rejected under 35 U.S.C. §102(e) as being unpatentable over Mueller. (Final Office
Action, dated August 11, 2017, pp. 2-5.) Claims 1-18 were indicated allowed, and claims 20-24
were indicated as allowable if rewritten in independent form including all of the limitations of the
base claim and any intervening claims. (Non-Final Office Action, dated May 1, 2017, p. 4.)

An Interview was held on November 13, 2017, as indicated by an Applicant-Initiated
Interview Summary mailed on November 16, 2017. The summary indicated that a proposed
amendment would overcome Mueller. (Interview Summary dated November 16, 2017.)

A Response After Final was filed on November 13, 2017, the same day as the Interview
above. The response amended claim 19 to: 1) Change the preamble from “an automated irradiating
device for providing radiation to individuals within an area, intended to provide a desired radiation
in a sub-area proximate to the individuals, comprising...” to “an automated irradiating device for
providing a desired radiation to individuals within an area, comprising...”; 2) Change “an
irradiation fixture including one or more directional radiation sources where the radiation is in a
defined direction” to “at least two substantially directional heat radiation sources pointing in
different directions”; 3) Change “feeding transferring” to “transferring”; 4) Strike an occurrence
of “a,” “(1),” and “(i1)”; and 5) Add “the automated irradiating device further comprising one
detector being a camera with capability for transferring data to the processor arranged with image
recognition algorithms for sensing any of the information selected from the list comprised of: a
presence, an identity, a location, a position, an activity, and a body temperature of an individual;
the controller having processing capability for using the information and determining the heating

requirements of the individuals from at least one of (i) algorithms to calculate radiation parameters,
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(i) stored data of heating practices, and (iii) the identified individual’s stored personal
preferences;...”

A Notice of Allowance was mailed on December 19, 2017 and the Issue Fee was paid on
March 18, 2018.

B. Summary of the ’551 Patent

The °551 Patent, entitled “Detector Controlled Illuminating System,” issued on April 24,
2018 to inventor Yechezkal Evan Spero and is unassigned. The application which led to the *551
Patent was filed on January 24, 2012, with a priority date of July 12, 2002. (Ex. PAT-A; Ex. OTH-
A at §39.)

In contrast to the Stam 573 Family of Patents, the Spero ‘551 Patent introduced a system
“built around a ‘digital’ light source”:

The system is built around a “digital” light source. That is, the emanating

lighting effect is the sum of the characteristics of a multiplicity of discretely

controllable “digit” sources. The difference between the individual ‘digit’ light

sources and their summation manifests itself in the resultant light

characteristic, be in its intensity, spatial intensity distribution, spectral energy

content and spectral intensity distribution. All of these characteristics are also
variable with time.
(Ex. PAT-A at 16:39-46, emphasis added; Ex. OTH-A at 39.)

The ‘551 Patent discloses numerous flexible applications for this digital light source,
centered around the “controllability offered by breaking the light output up into discrete
specifically aimable and dimmable elements,” which can be addressed by control electronics to
effect intensity, spectrum and distribution.” (Ex. PAT-A at 24:37-47, Ex. OTH-A at 941.) For
headlights, the disclosures identify yet another level of control:

[t]he flexible characteristics of the DLF [digital lighting fixture] allow for spatial
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variations of the intensity and spectral power distribution of the light over the area
covered. When the element of variation of intensity and SPD [spectral power
distribution] with time over the area covered is introduced another dimension of
flexibility is introduced. These properties are unique to the DLF and allow them to
deal with dynamic lighting situations in a way not afforded by prior-art lighting

devices.
(Ex. PAT-A at 57:24-37; Ex. OTH-A at §41.)
The ‘551 Patent further explains how the “digital aspect” of the illuminating devices gives

rise to “control capability” for individual LEDs or selectable groups of LEDs:

The multiple light sources of specific characteristics provide quanta of power and
spectrum which are smoothly added or detracted to generate a changed lighting

effect. The_digital aspect arises from the sufficient progression of values, varying

by minutes to produce a continuum so as to be non-discernable or irrelevant to the
user. The added controllability is realized by breaking up the light-production,
into discrete, specifically aimable, and dimmable elements which can be

addressed by control electronics for the purpose of affecting the intensity, spectrum

and spatial distribution of spectrum and of intensity of the illumination provided by
the luminaire of the present invention.

The overall combination of control capability and discrete light sources vields a

digital lighting fixture. The terminology “digital” as used herein refers to the

discrete nature of the multiple LED lamps provided in the luminaire, whereby

“digital” control results from the individual control of the discrete, i.e. ‘digital’

lighting elements. the LEDs, in the luminaire.

(Ex. PAT-A at 2:51-3:3, emphasis added.)
The ‘551 Patent also teaches how various applications can obtain a synergistic effect from
the controllability offered by “discrete specifically aimable and dimmable elements” and image

2% ¢

detection “devices capable of detection changes in the surrounding environment” “so as to provide
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the optimal lighting solution in real-time.” (Ex. PAT-A at 57:32-37; Ex. OTH-A at 43.) By way
of example, the ‘551 Patent discloses:

Adaptive Frontal-lighting Systems which aid in seeing around curves and other

features in the road. In these systems the light distribution pattern and color

spectrum will be changed according to the instantaneous road conditions at hand.

Thus, the headlamp now has much more flexibility than the high beam/low beam

variation of today.

(Ex. PAT-A at 51:43-49; Ex. OTH-A at 143.)

More particularly, the ‘551 Patent teaches how “[a]nalysis by a detector or an imaging
system of the oncoming vehicles [sic] position (using its headlights for example) can be used to
determine which exact aiming is the maximum allowable for any given traffic situation and road
layout.” (Ex. PAT-A at 52:62-65.)

The ‘551 Patent further discloses glare-free adaptive driving beam systems:

[u]sing color and pattern recognition techniques it is possible to determine what is
a sign. It is then possible to provide the equivalent of “task lighting” and use the
controller and properly aimed SLS [solid state light source, e.g. LED] to follow and
illuminate distant overhead and roadside signs for a longer time, yet not blind
oncoming traffic due to the narrow beam.
(Ex. PAT-A at 52:66 — 53:4.)
These teachings are reflected in base claim 6 and the new reexamination claims, claims 24-
87. See, claim 6 and claims 24, 32 and 56 below, which are representative of the new

reexamination claims. The full set reexamination claims can be found at Ex. OTH-C, New Claims.

6. An illuminating device having automatic control of the light provided to an
illuminated area comprising:

a structure for incorporating illuminating device elements;
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one or more light sources incorporated in the structure and in communication with a power
source;

electronic circuitry apparatus for the controlled powering of the light source and other
illuminating device elements; one or more cameras placed on the structure for detecting
coordinate-specific information about the illuminated area, said camera in communication
with power and control device elements;

a controller integrated with the structure, in communication with the light source
controlling power circuitry, said controller arranged to processes the information
communicated from the camera and automatically control the light provided to the illuminated

areaq.

24.  Anilluminating device having automatic control of light provided to an illuminated
area comprising:

a structure for incorporating illuminating device elements, wherein the structure
comprises a motor vehicle;

a plurality of individually controllable LEDs incorporated in the structure via at least one
headlamp mounted to the structure, each headlamp including at least one of the LEDs, the
LEDs in communication with a power source;

electronic circuitry apparatus for the controlled powering of the LEDs and other of the
illuminating device elements;

one or more processors;

one or more sensors, including one or more cameras, placed on the structure for detecting
coordinate-specific information about the illuminated area, at least one of said cameras in
communication with power, and in communication with at least one of the one or more
Dprocessors;

a controller, including at least one of the one or more processors, integrated with the
structure via mounting, in communication with the LED controlling power electronic circuitry
apparatus, said controller arranged to process the information communicated from the
cameras and to automatically control the light provided to the illuminated area; and

memory storing instructions that, when executed by omne or more processors of the

controller, enable the controller to:
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determine first coordinates corresponding to an other vehicle, based on the coordinate-
specific information;

select a cluster of the LEDs that emit light toward at least a portion of the other vehicle
based on the LEDs having emission aimings associated with the first coordinates, and

change emission of the selected cluster of LEDs relative to emission of other LEDs not
included in the cluster to create headlamp illumination that preserves a first level of
illumination illuminating past the other vehicle while preventing glare to a driver of the other

vehicle.

32.  Anmilluminating device having automatic control of light provided to an illuminated
area comprising:

a structure for incorporating illuminating device elements, wherein the structure
comprises a motor vehicle;

a plurality of individually controllable LEDs incorporated in the structure via at least one
headlamp mounted to the structure, each headlamp including at least one of the LEDs, the
LEDs in communication with a power source;

electronic circuitry apparatus for the controlled powering of the LEDs and other of the
illuminating device elements;

one or more processors;

one or more sensors, including one or more cameras, placed on the structure for detecting
coordinate-specific information about the illuminated area and positioned to capture an image
of at least one target, at least one of said cameras in communication with power, and in
communication with at least one of the one or more processors;

a controller, including at least one of the one or more processors, integrated with the
structure via mounting, in communication with the LED controlling power electronic circuitry
apparatus, said controller arranged to process the information communicated from the
cameras and to automatically control the light provided to the illuminated area; and

memory storing instructions that, when executed by omne or more processors of the
controller, enable the controller to:

create a beam of diminished illumination illuminating at least a portion of the at least one

target with non-glaring illumination, created within a broader field of illumination having
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different intensity than the beam, by one or more changes to characteristics of first light of a
cluster of the LEDs providing the first light directed at the at least a portion and creating the
beam, the beam diminished in intensity relative to the broader field of illumination illuminating
at least above and on both sides of the beam; and

follow, based at least in part on data from one or more of the cameras, the at least one
target with the diminished illumination as the at least one target changes location relative to

the motor vehicle.

56.  Anilluminating device having automatic control of light provided to an illuminated
area comprising:
a structure for incorporating illuminating device elements, wherein the structure comprises a
motor vehicle;
a plurality of individually controllable LEDs incorporated in the structure via at least one
headlamp mounted to the structure, each headlamp including at least one of the LEDs, the
LEDs in communication with a power source;
electronic circuitry apparatus for the controlled powering of the LEDs and other of the
illuminating device elements;
one or more processors;
one or more sensors, including one or more cameras, placed on the structure for detecting
coordinate-specific information about the illuminated area and positioned to capture an image
of at least one other vehicle ahead of the motor vehicle, at least one of said cameras in
communication with power, and in communication with at least one of the one or more
Dprocessors;
a controller, including at least one of the one or more processors, integrated with the structure
via mounting, in communication with the LED controlling power electronic circuitry
apparatus, said controller arranged to process the information communicated from the
cameras and to automatically control the light provided to the illuminated area; and
memory storing instructions that, when executed by one or more processors of the controller,
enable the controller to:
determine, based on data from one or more of the sensors, a vertical and horizontal position

associated with the at least one other vehicle;
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select a first cluster of the LEDs based at least in part on at least one of the vertical and
horizontal position compared to known aimings of light associated with the first cluster; and

reduce intensity of illumination to non-glaring illumination of a first area associated with the
at least one other vehicle, relative to intensity of illumination on both sides of the first area at
elevations common with the first area illuminated by a second cluster of the LEDs, by control

of emission from the first cluster.

VII. 37 C.F.R. §1.510(b)(1): Statement Establishing Substantial New Question of
Patentability (“SNQ”) of Claim 6 of the 551 Patent

A. The Stam PCT and Harbers Combination Fails to Teach
Numerous Limitations

The combination of Stam PCT and Harbers raises a substantial new question of
patentability, as neither prior art reference was previously considered in the underlying prosecution
of the ’551 Patent. While Patent Owner and inventor Mr. Spero, a pro se patent applicant,
identified Stam ‘632 in the specification, neither Stam PCT nor Harbers were considered in the
underlying prosecution of the 551 Patent, let alone the combination of the two references.
Furthermore, the disclosures of Stam PCT and Harbers are not cumulative to information
considered by the examiner during prosecution of the ’551 Patent. Notably, the Stam PCT
disclosure includes different subject matter than the Stam ‘632, in particular with respect to the
relevant LED embodiments.

As seen in the table below, claim 6 includes several limitations in common with the
teachings disclosed in Stam PCT and Harbers such that a reasonable examiner would consider the
teachings of Stam PCT and Harbers to be important in the consideration of patentability. However,
it is the position of the Patent Owner that while the combination of teachings from Stam PCT and
Harbers raises a substantial new question of patentability, these references does not render claim

6 unpatentable.
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. 6. An illuminating device having
- automatic control of the light

- provided to an illuminated area
comprising:

- Stamn POT- “The present invention pertains to controld
- sysierss for controlling the exterior lights of a vehicle
- and components that can be used with such g control

. a structure for incorporating
- illuminating device elements;

Stam PCT and Harbers
Starmn POT- “A system and method of automatically

- controlling exterior vehicie lights ... to maximize the
illuminated ares i front of the vehicle 7 (Ex PA-A at
- Abstract)

syvetem” (Ex. PA-Aat 1))

- “As noted above, such exterior lights may include
headlanips, tail lghts, Toul weather lights such as fog
lights, brake lights, center-mounted stop lights

- (CHMSLs), turn signals, back-up lights, cargo lights,

- puddie Hghts, Besnse plate illuminators, ete.” ({d a1 10}

D See Fig. 1

- Harbers- “The invention relates to a vehicle headlamp

- comprising a light source which includes a plurality of

- opto-electronic elements. The invention also relates to a
- vehicle provided with a headlamp.” (Ex. PA-B at 1:10-
15)

- one or more light sources

- incorporated in the structure and
- in communication with a power
source;

- Stam PCT- “LED headlamp 2600 includes g heat

- extraction member 2601 that serves as a support for
mounting semiconductor optical radiation emitters 2603,

- 2605, Where the semiconductor optical radiation :
Cemiiters 2603, 2605 are electrically connected to the heat |

>

- extraction member, the heat extraction member provides
- an electrical connection to the semiconductor optical
radiation emitters . during operaticn.” (Bx. PA-A at

- 74)

- See Figs. 26a and 26b.

- Harbers- “The use of a plurality of opto-electronic
elements with a relatively high luminous flux enables a

- vehicle headlamp to be manufactured having much more

- dynamic lighting possibilities than the known vehicle 5
- headlamp. The opto-electronic elements can be switched |
- on and switched off, with the spatial distribution of the |
- generated light beam depending on the conditions.” (Ex.
PA-B at 2:6-12.)
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electronic circuitry apparatus for
. the controlled powering of the
- light source and other illuminating

- device elements;

. Harbers- §
- The use of a plurality of opto-electronic elements [LEDs] :

with a relatively high luminous flux enables a vehicle

headlamp to be manufactured having much more
i dynamic lighting possibilities than the known vehicle

“headlamp. (Ex. PA-B at 2:6-9.)

- The ordering, providing and selectively switching on and
- off of opto-electronic elements. .. in the form of an array
- may also be considered as an invention itself. (/d. at

1 7:20-21.)

- one or more cameras placed on the
. structure for detecting coordinate-
. specific information about the
illuminated area, said camera in

- communication with power and

- control device elements;

Starm POT- “The control system comprises an image

- array sensor including a plurality of pixels, an optical
system configured to image the scene forward of the
controlled vehicle onto the tmage array sensor, the

- optical systern including a forwardmost surface, and a

- control circudt for processing the fmage of the scene

- obtained from the image array sensor and for controlling

the exterior lighis in response 1o objects detected in the
- processed scene.” (Ex. PA-A at 2-3.)

. a controller integrated with the
structure, in communication with
 the light source controlling power

- circuitry, said controller arranged
. to processes [sp| the information

- communicated from the camera

- and automatically control the light
provided to the illuminated area.

- Stam PCT- A system and method of automatically
controlling exterior vehicle lights includes an image

- sensor (201) and a controller (1105) to general control

- signals. The control signals are derived on information

- obtained from the image sensor as well as other detected
. parameters pertaining to the detected light source(s), the
vehicle having the inventive control system, and the

- ambient environment. {Ex. PA-A at Abstract.}

- The control system comprises an image array sensor

- including a plurality of pixels, an optical system
configured to image the scene forward of the controlled

- vehicle onto the image array sensor, the optical system
- including a forwardmost surface, and a control circuit for |
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in response to objects detected in the processed scene.
(Ex. PA-Aat$)

See Fig. 11

- Harbers- the “spatial distribution of the light beam

- generated by the light source is continuously

- adjustable...Preferably, the spatial distribution is
influenced by the speed of the vehicle, the rotational :
- position of the steering wheel of the vehicle, the weather :
- conditions, and it can also be influenced by the driver.”

- (Ex. PA-B at Abstract, numerical identifiers omitted.)

Below, relevant limitations of claim 6 will be reviewed in the context of the combination
of Stam PCT and Harbers to establish that the claim is patentable. As the arguments presented
below are not exhaustive of the applicable patentability grounds, Patent Owner reserves its right
to present further arguments to the extent necessary.

6. An illuminating device having automatic control of the light provided

to an illuminated area comprising:

a structure for incorporating illuminating device elements;
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According to the abstract, Stam PCT is directed to a “system and a method of automatically
controlling exterior vehicle lights that includes an image sensor (201) and a controller (1105) to
generate control signals.” (Ex. PA-A at 1.) As depicted in Figure 1, Stam PCT disclases
iuminating device elements, ¢ g, exterior vehicle lights positioned on a vehicle. (Ex. PA-A at
120.)

Likewise, in Harbers the “invention relates to a vehicle headlamp comprising a light source
which includes a plurality of opto-glectronie elements. The mvention also relates 1o & vehicle
provided with a beadlarp.” (Ex. PA-B at 1:10-15))

one or more light sources incorporated in the structure and in

communication with a power source;

According to the proffered construction detailed in Section III, the claim term /ight source
means an individual LED; Figures 26a and 26b of Stam PCT depict individual LEDs incorporated
in the vehicle headlamp. (Ex. OTH-A at §54.) More specifically, the specification of Stam PCT

links the LEDs to a power source:

LED headlamp 2600 includes a heat extraction member 2601 that serves as a
support for mounting semiconductor optical radiation emitters 2603, 2605. Where
the semiconductor optical radiation emitters 2603, 2605 are electrically connected
to the heat extraction member, the heat extraction member provides an electrical

connection to the semiconductor optical radiation emitters . . . during operation.

(Ex. PA-A at 74.)
Harbers also discloses individual LEDs incorporated in the vehicle headlamp, in
communication with a power source:

The use of a plurality of opto-electronic elements with a relatively high luminous
flux enables a vehicle headlamp to be manufactured having much more dynamic

lighting possibilities than the known vehicle headlamp. The opto-electronic
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elements can be switched on and switched off, with the spatial distribution of the

generated light beam depending on the conditions.

(Ex. PA-B at 2:6-11, emphasis added; Ex. OTH-A at §64.)

electronic circuitry apparatus for the controlled powering of the light

source and other illuminating device elements;

This claim limitation is missing in the primary Stam PCT reference but disclosed in the
Harbers reference. However, as established below, absent hindsight bias, there is no motivation
to combine the two references. (Ex. OTH-A at §90.)

The primary inventor of Stam PCT, Joseph S. Stam, makes it clear in his declaration that
though Stam PCT discloses two limited LED applications for headlamps, “[1]n all cases, the LEDs
in each array were connected together and operated by a single controller, such that the entire array
would be on/off or dimmed, as shown in Fig. 26a.” (Ex. PA-A at pp. 77-79; Ex. OTH-A at §53.)
Accordingly, under the proper construction of light source detailed in Section III, the two limited
LED embodiments in Stam PCT do not disclose controlled powering of the [individual LED] light
source. (Ex. OTH-A at §75.)

In his declaration, Stam explains that the embodiments in Stam PCT were primarily
directed to halogen/HID light sources, with the exception of two limited LED embodiments, and
underscores why in Stam PCT “the light source is treated as a fixed block of light—whether
halogen/HID or an LED array— that can be ‘steered’ up/down or right/left, treating an array of
LEDs as a unit that would be operated together” and “thus not individually controlled or capable
of facilitating control to selectable groups of LED chips.” (Ex. OTH-A at §§49-55, 73.)

The Stam declaration provides context for the state of LED headlamp applications and how

that impacted the prevailing view at the time, as reflected in the Stam PCT: “[i]n view of the
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technical constraints that limited LED usage in headlights in 2001-2002, we limited our use of
LED applications to two applications—headlamp steering and flashing”:

It has long been considered to be desirable to provide headlamps that can be steered
in the direction that the vehicle is turning. It is also desirable to provide forward
lighting that can be turned OFF, or substantially attenuated, for such a short period
of time that the driver does not notice that the lights are OFF. In this way, reflections
do not exist during image acquisition. Although a light emitting diode (LED) lamp
can be used to provide these features in a cost-effective manner, LED lamps

producing enough licht to implement a vehicle headlamp are not commercially

available. LEDs suffer from a number of disadvantages that limit their application

in vehicle headlamps. not the least of which are the relatively small amounts of

licht produced by LEDs and manufacturability limitations when incorporating

LEDS having exotic constructions. Because of these disadvantages, LED lamps

have not been used to implement a vehicle headlamp despite the fact that LEDs are

more rugeed. more energy efficient, and significantly longer lasting than other light

technologies. Additionally, means of producing white light from LEDS have only
recently become practical as discussed in U.S. Patent No. 5,803,579, entitled
ILLUMINATOR ASSEMBLY INCORPORATING LIGHT EMITTING
DIODES, issued to John K. Roberts et al. on September 8, 1998.
(Ex. PA-A at 72-73, emphasis added; Ex. OTH-A at §50.)
As Stam provides in his declaration “[i]n view of the LED constraints at the time, the Stam PCT
disclosure is limited to two LED applications that could be used as a complement to and/or as a
substitute for halogen/HID light sources, to address specific imaging challenges and improve auto
high beam functionality.” (Ex. PA-A at 72-79; Ex. OTH-A at J51.)
The Stam declaration explains the two LED applications disclosed in the Stam PCT:

One of these LED applications focuses on the problem of flashing, which occurs
when reflections off an object, such as a sign, are misinterpreted by the image

sensor as an oncoming vehicle and trigger disruptive, rapid high/low beam flashing

Page 52 of 1219 4 SPERO EX. 2023



(repeatedly turning high beams on and off). As one solution for headlamp flashing,
we contemplated the use of LEDS to rapidly reduce the light levels or turn the
LEDS off, during an image-sampling interval, so that the reflections do not exist or
interfere with image acquisition and processing. If done fast enough, the driver
would not notice the change in light levels and the problem of flashing would be
rectified. Such rapid reduction of intensity would be difficult or impossible with

halogen/HID light sources.

The second LED application focused on an improved way to “steer” the light source
by replacing the halogen/HID light with an LED array that could be aimed at a fixed
angle for auto high beam applications. To facilitate “steering” for auto high beam
applications, we disclosed use of an LED array to 1) help provide sufficient output
light and 2) project light in more than one either horizontal (see Fig. 27) or vertical
direction (see Fig. 28) by providing a support member with two different angled
orientations. In all cases, the LED arrays were connected together and operated by
a single controller, such that the entire array would be on/off or dimmed, as shown

in Fig. 26a.
(Ex. PA-A at 73-79; Ex. OTH-A at 1952-53.)

In his declaration, Stam provides a detailed analysis of Figures 26a and 26b, to establish
that Stam PCT fails to disclose controlled powering of individual LEDs or a selectable group of

LEDs:

More specifically, in Fig. 26a, every optical radiation emitter (LED chip) 2603 is
electrically connected together “to electrical conductor strip 2607 through a wire
bond 2609 and a resistor 2611. Each of the emitters 2605 is connected to electrical
conductor strip 2613 through a bonding wire 2615 and a resistor 2617.” (/d. at p.
74.) Since electrical conductor strips 2607, 2613 are shown to be common to
multiple LED chips, they necessarily are not individually controlled or capable

of facilitating control to selectable groups of LEDs.

(Ex. OTH-A at 954, emphasis added.)
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. 2o

While Stam PCT provides power and control functionality to the LED array as a fixed unit,
it fails to provide controlled powering of the [individual LED] light source. (Ex. OTH-A at 75.)
Figs. 50a-50c of the Stam PCT, further illustrate the types of illumination beam patterns that can
be produced from the disclosed auto high beam applications. (Ex. OTH-A at §55.) Regarding
Figs. 50a-50c, as Stam notes, “[il]n each case, the light source is treated as a fixed block of light—
whether halogen/HID or an LED array— that can be ‘steered’” up/down or right/left by varying the
power to the LED array—treating an array of LEDs as a unit that would be operated together.”
(Ex. OTH-A at 955.)

Another headlamp configuration is depicted in Fig. 28, in which two LED arrays are
provided, one for low and high beams—here again, each array is treated as a single unit to be
operated together:

[a]nother alternative design for a headlamp for providing low and high beams is

illustrated in Fig. 28. The headlamp 2800 includes a heat extraction member 2801
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having two lamp sections 2803 and 2805. The heat extraction member 2801 is

configured to include the two lamp sections 2803 and 2805, each of which is

substantially identical to lamp 2601 [in Fig. 26a]. The heat extraction member

provides two front faces at an angle of 1° to 2°, and may advantageously be angled
at approximately 1.5°. The angle is exaggerated in Fig. 28 so that the angled

surfaces are readily visible.

(Ex. PA-A at 79, emphasis added; Ex. OTH-A at §56.)

DN Tl
o DR

In his declaration, Stam also provides context for a specification statement in reference to
Fig. 28 and the two separate LED lamp sections, 2803 and 2805 for high and low beams — “[b]y
controlling the selection of the LEDs that are illuminated, the headlamps can be aimed” (Ex. PA-
A at 79)—which Stam states, “when read in context, is consistent with the Stam PCT teaching that
one or more LED arrays can be controlled as a single unit and in that capacity, steered and aimed.”
(Ex. OTH-A at§57.) Similarly, Stam clarifies that the specification sentence — “[t]he circuit traces

disclosed in Fig. 26a illustrate a pattern that may be used where separate supply is provided for the
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different emitters” (Ex. PA-A at 77.)"discloses the use of separate color emitters, for the purpose

of creating white light and thus requires separate supplies for the different color emitters, but does
not teach the ability to individually control an LED chip or selectable clusters of LED chips.” (Ex.
OTH-A at 774.)

Finally, in his declaration, Stam acknowledges that

It was not until US Patent No. 6,861,809 which was filed on September 5, 2002 and
published on June 12, 2003 that we first described the use of individually
controllable LEDs where a portion of the LEDs within an array could be dimmed

or turned off to avoid glaring an oncoming vehicle.

(Ex. PA-E; Ex. OTH-A at ]61.)
See Fig. 7b and the accompanying description: “[a]lternatively, the window 700 may

contain several independently controlled blocks 702 as shown in Fig. 7B. There may be any

number of blocks, depending on the granularity of control that is desired. By selectively darkening
these blocks, almost any desired beam pattern can be achieved.” (Ex. PA-E at 13:6-14:3, emphasis
added; Ex. OTH-A at 61.)

Thus, for the reasons set forth above, Stam PCT fails to teach the limitation electronic
circuitry apparatus for the controlled powering of the light source. (Ex. OTH-A at 75.)

By contrast, the Harbers reference teaches “[t]he use of a plurality of opto-electronic
elements [LED] with a relatively high luminous flux enables a vehicle headlamp to be
manufactured having much more dynamic lighting possibilities than the known vehicle
headlamp.” (Ex. PA-B at 2:6-9; Ex. OTH-A at 964.) Harbers further provides: “[t]he ordering,
providing and selectively switching on and off of opto-electronic elements... in the form of an
array may also be considered as an invention itself. (Ex. PA-B at 7:20-21.) Accordingly, Harbers

discloses the electronic circuitry apparatus for the controlled powering of the light source

45
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limitation. (Ex. OTH-A at §81.) However, as disclosed in detail below, absent hindsight bias, there
is no motivation to combine Stam PCT with Harbers.
one or more cameras placed on the structure for detecting coordinate-

specific information about the illuminated area, said camera in communication

with power and control device elements;

As depicted in Fig. 26a, Stam PCT teaches “an image array sensor including a plurality of
pixels, an optical systern configured 1o image the scene forward of the controlied vehicle onto the
image array sensor, the optical systeny including a forwardmost surface, and a control eircuit for
processing the image of the scene obtained from the image array sensor and for controlling the
exterior Hehts in response 1o objects detected in the processed scene” (Ex. PA-A at 2-3 )

By contrast, Harbers doesn’t disclose a camera for detecting coordinate-specific
information about the illuminated area, said camera in communication with power and device
control elements. (Ex. PA-B.) Although Harbers discloses “ordering, providing and selectively
switching on and off opto-electronic elements . . . in the form of an array” in response to the
velocity of the vehicle, rotational position of the steering wheel, bad weather or in dimly-lit areas
(Ex. PA-B at 7:11-22), it lacks a camera or sensor, in communication with power and control
device and is thus incapable of detecting coordinate-specific information about the illuminated
area. (Ex. OTH-A at 982-83.)

a controller integrated with the structure, in communication with the light
source controlling power circuitry, said controller arranged to processes the

information communicated from the camera and automatically control the light

provided to the illuminated area;
Neither Stam PCT nor Harbers teach this limitation.

Stam PCT fails to teach a controller, in communication with the light source controlling
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power circuity, wherein the controller is arranged to processes [sic] the information communicated
Jfrom the camera and automatically control the light provided to the illuminated area. As detailed
above, in Stam PCT, LEDs are not individually controlled or capable of facilitating control to
selectable groups of LEDs and thus the controller in Stam PCT is not in communication with the
light source [individual LED ] controlling power circuitry and 2) not arranged to processes [sic]
the [coordinate-specific| information communicated from the camera and automatically control
the light provided to the illuminated area. (Ex. OTH-A at §{[76-77.) Stated differently, because
there is no mechanism for controlled power of individual LEDs in Stam PCT, the controller cannot
be in communication with the light source controlling power circuitry and thus cannot be arranged
fo processes [sic] the [coordinate-specific] information from the camera to automatically control
the light provided to the illuminated area. Id.

Likewise, Harbers doesn’t teach a controller arranged to process the information
communicated from the camera and automatically controlling the light provided to the illuminated
area. (Ex. OTH-A at 82-84.) Harbers does not disclose a camera, let alone a camera for
detecting coordinate-specific information about the illuminated area and thus doesn’t correlate
automatic control of the light based on information communicated from the camera. (Id.) Harbers
discloses automatic adjustments in relation to vehicle velocity and steering wheel position, not
dynamic adjustments based on [coordinate-specific] information communicated from the camera.
(Ex. OTH-A at 983.)

B. No Motivation to Combine

In addition to the deficiencies that arise when mapping claim 6 to the Stam PCT and
Harbers combination, there is no motivation to combine the asserted references. (Ex. OTH-A at
1979, 84, 86-88.) First, the combination of Stam PCT and Harbers changes the principle of

operation of Harbers. (Ex. OTH-A at 90.) Though Harbers provides light that can continuously
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adjust, those adjustments are limited to a set of defined vehicle inputs such as vehicle speed or
steering wheel position and/or manual adjustments. (/d.) Harbers does not provide any set of
operations that includes a camera or a controller arranged to process the information
communicated from the camera, to automatically control the light provided to the illuminated
area. (Id.) As Stam states in his declaration, “[a]ny hypothetical combination of the teachings of
Stam PCT and Harbers would require a substantial reconstruction and redesign of the elements
shown in Harbers as well as a fundamental change in its basic principles of operation”:

Notably, in 2000, when Harbers was filed, although camera-based image detection
systems were disclosed, Harbers did not describe or suggest that their system did
or could include any such LED-to-image detection correlation. Moreover, while
the problem of headlamp glare was well known in 2000, the Harbers system is not
directed to that problem. Accordingly, any combination of Stam PCT and Harbers,
requires that the principle of operation in Harbers undergo a substantial change.
For these reasons, absent hindsight bias, a POSITA in 2002 would have no

motivation to combine Stam PCT and Harbers.

(Ex. OTH-A at 90-91.)

C. Teaching Away

Second, when viewed as a whole, Stam PCT includes statements that teach away from a
headlamp with individually controlled LEDs, as required by the claims. (Ex. OTH-A at 992-94.)
Stam PCT includes the following “teaching away”: “LEDs suffer from a number of
disadvantages that limit their application in vehicle headlamps, not the least of which are [1]

the relatively small amounts of light produced by LEDs and [2] manufacturability limitations when

incorporating LEDS having exotic constructions. Because of these disadvantages, LED lamps
have not been used to implement a vehicle headlamp. . . Additionally, means of producing white

light from LEDS have only recently become practical.” (Ex. PA-A at 74, emphasis added.) In his

48

Page 59 of 1219 SPERO EX. 2023



declaration, Stam expressly provides:

[1]t is my position that given the clear statements in Stam PCT regarding the
constraints and technical issues surrounding use of LEDs for headlights, during the
2002-2003 time frame, a POSITA would be discouraged from using individually
controlled LEDs or otherwise expanding usage of LEDS in headlights beyond the
two limited applications of LED arrays expressly disclosed.

(Ex. OTH-A at 94.)

D. Contemporaneous filings establish relevant mindset

Third, as evidenced by contemporaneous prior art filings in 2002, those skilled in the art
of auto headlight design, needed to rely on proven technologies—e.g., halogen and xenon
applications. (Ex. OTH-A at §95.) At that time, LED technology was not viewed as suitable for
headlamp applications. (/d.) As Stam lays out in his declaration, from 2000-2003, the fields of
LED lighting and image sensing were “emerging technologies, each under development for
distinct product offerings” and were “as a matter of course, separate and distinct.” (/d. at §96.) But
for a working relationship between a member of the LED lighting product team and a member of
the image sensing product team, that “forged a unique opportunity for interdisciplinary
engagement and collaboration” at Gentex, and spurred the ‘573 Family of Patents, Stam states that
to the best of his knowledge, “it would not have been obvious for a POSITA in 2002-2003 to
combine coordinate-specific image detection technology with any LED functionality.” (Ex. OTH-
A at 1195-96.)

Thus, when viewed in the context of the relevant 2002-2003 time frame, a POSITA would
lack motivation to combine teachings from Stam PCT and Harbers in the manner claimed, for the
following reasons: 1) Stam PCT teaches away from use of individually controlled LEDs as recited

in the claimed invention; 2) any hypothetical combination is inconsistent with the principle of
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operation of Harbers and thus a by-product of hindsight bias; and 3) during the relevant time, the
evolving fields of LED technology and image detection were wholly separate fields. (Ex. OTH-
A at §990-97.) Finally, as detailed in Section XI, objective indicia further support nonobviousness.
VIII. Support for New Claims

Please see Exhibit OTH-D for Support for New Amendments. For ease of review, OTH-
D illustrates new claims 24-87 in redlined form in view of base claim 6.

IX. New Claims 24-87 are Patentably Distinct over The Combination of Stam
PCT and Harbers

As new claims 24-87 narrow the scope of base claim 6, the nonobvious arguments
presented in Section VIII, apply with equal force to the newly presented claims. The narrowing
amendments made in claims 24-87 present additional points of distinction with respect to the Stam
PCT and Harbers combination.

Stam PCT and Harbers fail to teach or suggest many of the features recited in new claims
24-87 over base claim 6. Looking first at each asserted reference individually, Stam PCT fails to
teach the following limitations in all new claims specifically 1) controlling individual LEDs
responsive to coordinate-specific image detection data, based on known aimings or coordinates of
those LEDs and 2) a control strategy that correlates individual LED controls to coordinate-specific
sensor data of an object/target to diminish/enhance illumination of a coordinate-specific region.
(Ex. OTH-F, Side-by-Side independent claim comparison; Ex. OTH-A at §{77-79.)

As a result, Stam PCT does not teach or suggest controlling an individual LED or group of
LEDs within an array, responsive to coordinate-specific image detection data, so that the controller
1) per claim 6, is arranged to processes [sic] the [coordinate-specific] information communicated
Jfrom the camera and automatically control the light provided to the illuminated area; 2) per new

claim 24 can change emission of the selected cluster of LI-Ds relative to emission of other LI-Ds
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not included in the cluster to create headlamp illumination that preserves a first level of

illumination illuminating past the other vehicle while preventing glare to a driver of the other

vehicle; 2) per new claim 32, follow, based at least in part on data from one or more of the

cameras, the at least one target with the diminished illumination as the at least one target changes

location relative to the motor vehicle; and 3) per new claim 56, select a first cluster of the LEDs

based at least in part on at least one of the vertical and horizontal position compared to known

aimings of light associated with the first cluster;, and reduce intensity of illumination to non-

glaring illumination of a first area associated with the at least one other vehicle, relative to

intensity of illumination on both sides of the first area at elevations common with the first area

illuminated by a second cluster of the LEDs, by control of emission from the first cluster. (EX.
OTH-F; Ex. OTH-A at §78.)

In sum, Stam PCT fails to optimize lighting patterns to match the particular road scene.
(Ex. OTH-A at 79.) By treating light as a fixed block, in the presence of objects/targets, high
beams—which output significantly brighter light and enhance safety— are shifted away from the
road scene rather than individually controlled at a coordinate-specific level to provide optimized,
non-glaring lighting patterns. (/d.)

Accordingly, Stam PCT fails to teach the following limitations in base claim 6 and by
extension, claims 24-87: 1) a headlamp with electronic circuity apparatus for the controlled
powering of the light source and other illuminating device elements and 2) a controller in
communication with the light source controlling power circuitry, that a) per claim 6 is arranged
to processes [sic] the information communicated from the camera and automatically control the
light provided to the illuminated area;, b) per representative claim 56, can be controlled to

illuminate a coordinate-specific area based on known aimings of LED's; c¢) per representative claim
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24 can emit light toward at least a portion of the other vehicle based on the LEDs having emission
aimings associated with the first coordinates, and d) per representative claim 32 follow, based at
least in part on data from one or more of the cameras, the at least one target. See, Ex. OTH-F
which provides each of the reexamination independent claims side-by-side, to highlight the
missing limitations in all claims. (Ex. OTH-F; Ex. OTH-A at §80.)

Turning next to Harbers, though Harbers teaches that “spatial distribution of the light beam
generated by the light source is continuously adjustable” by opto-electronic elements and thus
discloses the electronic circuitry apparatus for the controlled powering of the light source
limitation, the combination of the ‘538 PCT and Harbers fails to teach many of the limitations of
claim 6 and the newly presented amended claims. (Ex. PA-B; Ex. OTH-A at {81.)

While the opto-electronic elements in Harbers are continuously adjustable by the driver or
in response to a specific set of defined inputs, Harbers doesn’t disclose any sensor capable of
detecting objects or targets in the illuminated area, or per claim 6, a camera for defecting
coordinate-specific information about the illuminated area, said camera in communication with
power and device control elements. (Ex. PA-B; Ex. OTH-A at §82.)

And, although Harbers discloses “ordering, providing and selectively switching on and off
opto-electronic elements...in the form of an array” in response to the velocity of the vehicle,
rotational position of the steering wheel, bad weather or in dimly-lit areas (Ex. PA-B at 7:11-22),
it fails to correlate individual LED controls to coordinate-specific camera/sensor data, as required
by claims 6 and 24-87 and thus fails to disclose a digital headlamp that utilizes an adaptive driving
beam to address glare. (Ex. OTH-C; Ex. OTH-A at §83.)

Thus, Harbers fails to provide any of the following limitations, in all new claim sets®: 1)

3 A claim set is an independent claim and the claims that depend from that independent claim.
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sensors for detecting coordinate-specific information-- one or more sensors, including one or more

cameras, placed on the structure for detecting coordinate-specific information about the

illuminated area; 2) controllers processing the sensor data- a controller, including at least one of

the one or more processors, integrated with the structure via mounting, in communication with the

LED controlling power electronic circuitry apparatus, said controller arranged to process the

information communicated from the cameras and to automatically control the light provided to
the illuminated area; 3) controlling an individual LED or group of LEDs within an array,
responsive to coordinate-specific image detection data based on known aimings or coordinates of
those LEDs, for example, per claim 48:_illuminate a portion of at least one object, indicated by

data from at least one of the one or more sensors, by selecting a first cluster of the LEDs to emit

first light directed towards a first area including the at least the portion of at least one object, the

first area determined based at least in part on the data, the first cluster selected based at least in

part on known aimings of light associated with the first cluster determined to correspond to the

first area; and 4) a control strategy that correlates LED controls to coordinate-specific sensor data
of an object, to optimize illumination in a glare-free manner, for example as reflected in new claim
24: change emission of the selected cluster of LEDs relative to emission of other LEDs not included

in the cluster to create headlamp illumination that preserves a first level of illumination

illuminating past the other vehicle while preventing glare to a driver of the other vehicle. (Ex.

OTH-F; Ex. OTH-A at 784.)

In reference to the above paragraph, Stam PCT fails to teach the last two limitations,
namely controlling individual LEDs responsive to coordinate-specific image detection data, based
on known aimings or coordinates of those LEDs and a control strategy that correlates individual

LED controls to coordinate-specific sensor data of an object/target to diminish/enhance
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illumination of a coordinate-specific region. (Ex. OTH-A at §85.)

Accordingly, each asserted reference individually and on combination fails to disclose one
or more limitations of claim 6 and the new reexamination claims 24-87. Stam thus asserts, “it is
my opinion that each reference is missing numerous features of the new claims and even if
combined, the combination of Stam PCT and Harbers taken as a whole fails to teach or suggest a
headlamp that correlates LED controls to coordinate specific sensor data of a target to
diminish/enhance illumination at a coordinate-specific region.” (Ex. OTH-A at 86.)

Turning to representative, new reexamination claim sets, the combination of Stam PCT
and Harbers, taken as a whole fails to teach or suggest, inter alia, controlling an individual LED
or group of LEDs within an array, responsive to coordinate-specific image detection data, so that

the controller 1) per new claim 24, can change emission of the selected cluster of LEDs relative to

emission of other LEDs not included in the cluster to create headlamp illumination that preserves

a first level of illumination illuminating past the other vehicle while preventing glare to a driver

of the other vehicle; 2) per new claim 32, create a beam of diminished illumination illuminating

at least a portion of the at least one target with non-glaring illumination, having different intensity

than the beam, by one or more changes to characteristics of first light of a cluster of the LEDs

providing the first light directed at the at least a portion and creating the beam, the beam

diminished in intensity relative to the broader field of illumination illuminating at least above and

on both sides of the beam; and follow, based at least in part on data from one or more of the

cameras, the at least one target with the diminished illumination as the at least one target changes

location relative to the motor vehicle; and 3) per new claim 56, select a first cluster of the LEDs

based at least in part on at least one of the vertical and horizontal position compared to known

aimings of light associated with the first cluster;, and reduce intensity of illumination to non-
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glaring illumination of a first area associated with the at least one other vehicle, relative to

intensity of illumination on both sides of the first area at elevations common with the first area
illuminated by a second cluster of the LEDs, by control of emission from the first cluster. In sum,
the combination of Stam PCT and Harbers provide no teachings on methods to optimize
illumination—for example, high beams, which output significantly brighter light and enhance
safety—in the presence of objects or upcoming curvatures in the road. (Ex. OTH-F; Ex. OTH-A
at 187-88.)

Finally, as described in relation to claim 6 above, absent hindsight bias and the use of the
‘551 Patent as a blueprint, there is no motivation to combine the Stam PCT and Harbers references
in the manner claimed. As explained in detail above, when viewed in the context of the relevant
2002-2003 time frame, a POSITA would lack motivation to combine teachings from Stam PCT
and Harbers in the manner claimed, for the following reasons: 1) Stam PCT teaches away from
use of individually controlled LEDs as recited in the claimed invention;, 2) any hypothetical
combination is inconsistent with the principle of operation of Harbers and thus a by-product of
hindsight bias; and 3) during the relevant time, the evolving fields of LED technology and image
detection were wholly separate fields. (Ex. OTH-A at 490-97.)

While the representative features identified above are believed to be sufficient to patentably
distinguish Claim 6 and new Claims 24-87 over the prior art, these features are not exhaustive and
various other patentable features included in these claims have not been described in detail for the
sake of brevity.

X. Objective Indicia Supports Nonobviousness
Objective indicia, such as unexpected results, industry praise, teaching away and long-felt

need, “can be the most probative evidence of non-obviousness in the record, and enable the court
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to avert the trap of hindsight.” Crocs, Inc. v. I1C, 598 F.3d 1294, 1310 (Fed. Cir. 2010). These
objective criteria “turn back the clock and place the claims in the context that led to their
invention.” Mintz v. Dietz, 679 F.3d 1372, 1378 (Fed. Cir. 2012). As such, the Federal Circuit
requires consideration of these objective indicia because they “provide objective evidence of how
the patented device is viewed in the marketplace, by those directly interested in the product.”
(Demaco Corp. v. F. Von Langsdorff Licensing Ltd., 851 F.2d 1387, 1391 (Fed. Cir. 1988);
Spectralytics, Inc. v. Cordis Corp., 649 F.3d 1336, 1344 (Fed. Cir. 2011).)

As Stam concludes in his declaration, the objective evidence “in the form of long felt, but
unmet need and industry praise” further “bolsters the patentability of the claimed invention--
providing objective evidence that the glare-free adaptive driving beam technology claimed in the
‘551 Patent is nonobvious over the asserted references.” (Ex. OTH-A at §98.)

A, Industry Praise

Over the years, numerous industry organizations, such as NHTSA, AAA and IIHS,
industry publications, such as Autoweek and Driving Vision News, and Automotive Industry
Awards such as the PACE Award conferred by Automotive News have provided industry praise
for the glare-free adaptive beam technology (ADB) covered in claim 6 and new reexamination
claims 24-87 of the ‘551 Patent. (Ex. OTH-A at 999.) A few recent examples of such industry

praise, correlated to the 2018 lead up to the proposed NHTSA amendments, are provided below.*

* For purposes of this reexamination request, the NHTSA definition of ADB will be employed:
“ADB systems are an advanced headlamp beam switching technology that provides increased
illumination without increasing glare” utilizing advanced equipment including sensors (such as
cameras), data processing software and headlamp hardware (such as shutters or LED arrays.” (Ex.

4, NHTSA Proposed Rule 2018 at 2). ADB systems detect oncoming and preceding vehicles and
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(Ex. OTH-A at 99.)
In a 2019 report AAA stated:

Increasing roadway lighting without creating clare for other motorists should

increase the safety of nighttime driving. This is the promise of adaptive driving

beam headlamp technologies. NHTSA describes adaptive driving beam as, “a type

of adaptive front-lighting system that automatically enables upper beam headlamps
and adapts their beam patterns to create a shaded area around oncoming and
preceding vehicles to improve long-range visibility for the driver without causing

discomfort, distraction, or glare to other road users.

(Ex. 8, AAA 2019 report at 3, emphasis added; Ex. OTH-A at §100.)
The 2019 AAA report further stated:

Auto-dimming systems (and manual high-low beam switching) are inherently
limited. These systems must switch to low beam in the presence of traffic, resulting
in a sharp reduction in roadway lighting. All headlamp systems which are limited
to either high or low beam operation cannot avoid causing glare to other vehicles

when driving on undulating roadways and cresting hills. ADB headlamp systems,

with selective activation or shading of specific elements of the headlight beam, hold

the promise to successfully address this major shortcoming of all current headlamp

systems.”

(Ex. 8 at 56, emphasis added; Ex. OTH-A at 101.)
An April 14, 2021 article by Autoweek explains the problem with prior automatic high-
beam systems and praises the ADB technology solution:

[e]xisting automatic high-beam headlight systems are great, but there are

limitations to what they can do. If you’re driving in a suburban area with traffic and

automatically adjust the headlamp beams to provide less light to the occupied roadway and more

light to the unoccupied roadway. (Ex. 4 at 2.)
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streetlights, they can become confused and leave the bright beams on when they
shouldn’t, or in some cases they can end up switching between low and high beam

lights rapidly, which is both annoying and bad for visibility. Smart headlights help

alleviate these problems by reading the road and surrounding conditions and

applying light only where it is needed. Instead of the need to switch between two

brightness settings. adaptive headlichts’ brightness and shape change in response

to surrounding conditions. Where some automatic high beam systems become

confused between streetlights and oncoming headlights and switch off when they

shouldn’t, smart headlights’ advanced sensors and detection systems will eliminate

the errant shifts in brightness.

(Ex. 7, Autoweek at 3, emphasis added; Ex. OTH-A at §102.)
The Autoweek article goes on to establish the unmet need and praise for ADB technology:

It’s no secret that the headlights on new cars are getting brighter. Now, even low
beam headlights can be distracting to other drivers and pedestrians. Because
adaptive headlights keep the bright lights off of pedestrians and other drivers, it’s
easier for people walking to stay out of the way and for other drivers to see where

they’re going. If there’s an oncoming vehicle, the beam is partially blocked or

turned off so that the other driver isn’t blinded, but the rest of the road remains

illuminated by bright licht, which greatly improves their visibility without

drastically reducing yours.

(Ex. 7 at 4, emphasis added; Ex. OTH-A at §103.)

Similarly, Driving Vision News states:_“The benefit of a glare-free function is not only to

shadow out other cars but also to provide further visibility for upcoming curves and dangerous

situations; there is a clear safety gain by illuminating this curve in front of the driver.” (Ex. 9,

Driving Vision News at 1, emphasis added; Ex. OTH-A at 104.)
In his declaration and the accompanying exhibits, Stam correlates some of the above

industry praise for ADB technology, side-by-side with limitations from exemplary claims and
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support for these claims, to establish nexus between the industry praise and the claimed invention
of the reexamination claims of the ‘551 Patent. See, Ex. OTH-E, Industry praise nexus support
document. In the right-hand column of that document, Stam correlates the industry praise verbiage
with the claim limitations and provides an exemplary explanation, as to how a person of skill in
the art would understand the praise verbiage. (Ex. OTH-A at ]105-106.)

By way of example, the Stam declaration correlates each limitation of claim 24 with the
industry praise verbiage and an explanation of the nexus between the two. Notably, the rationale
articulated with respect to claim 24 applies to all similar limitations in claim 6 and the other new
claims. See, OTH-E; Ex. OTH-A at §107.

On the issue of nexus, Stam opines first in reference to the preamble in claim 24, [a/n
illuminating device having automatic control of the light provided to an illuminated area
comprising, and the praise verbiage from the PACE Award Automotive News article provides:
HELLA “has won the prestigious 2014 Automotive News PACE Award for its industry-first
adaptive LED Matrix Beam technology. . . HELLA's "glare-free high-beam" headlights use
individually controlled LEDs that adjust automatically to real-time traffic conditions to reduce
glare for other drivers” (Ex. 10 PR Newswire at 1.) With respect to the preamble and the cited
praise verbiage, Stam states “[i]t is my opinion that, from the described functionality, it’s clear to
a person skilled in the art that the praise is directed to an i/luminating device as laid out in the
preamble.” (Ex. OTH-A at 108, OTH-E at 1, 10, 27 and 45.)

The declaration next addresses the limitation in claim 24, a structure for incorporating
illuminating device elements and the praise verbiage from the PACE Award Automotive News
article which provides: “The system automatically adjusts a car's headlamps to deliver ‘glare

free’ illumination, dimming or switching on and off light sources based on traffic conditions.”
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(Ex. 10, PR Newswire at 1; Ex. OTH-E, ‘551 Industry praise nexus support document.) In
reference to the above claim limitation and praise verbiage, Stam states: “[i]t is my opinion that,
from the described functionality, it’s clear to a person skilled in the art that the praise is directed
to a structure for incorporating illuminating device elements.” (Ex. OTH-A at §109; Ex. OTH-E
at 1, 11,27 and 45))

The declaration addresses the limitation in claim 24, a plurality of individually controllable
LEDs incorporated in the structure via at least one headlamp mounted to the structure, each
headlamp including at least one of the LEDs, the LEDs in communication with a power source
and the praise verbiage from the PACE Award Automotive News article provides: HELLA “has
won the prestigious 2014 Automotive News PACE Award for its industry-first adaptive LED
Matrix Beam technology. . . HELLA's "glare-free high-beam" headlights use individually
controlled LEDs that adjust automatically to real-time traffic conditions to reduce glare for
other drivers” (Ex. 10 at 1.) In reference to the above claim limitation and praise verbiage, Stam
states:

[1]t is my opinion that, from the described functionality, it’s clear to a person skilled
in the art that the praise is directed to the limitation a plurality of individually
controllable LEDs incorporated in the structure via at least one headlamp mounted
to the structure, each headlamp including at least one of the LEDs, the LEDs in
communication with a power source.
(Ex. OTH-A at 110; Ex. OTH-E at 5, 14, 30-31, 48.)
The declaration addresses the limitation in claim 24, electronic circuitry apparatus for the
controlled powering of the LEDs and other of the illuminating device elements and the praise

verbiage from the PACE Award Automotive News article which provides:

HELLA . . . has won the prestigious 2014 Automotive News PACE Award for its
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industry-first adaptive LED Matrix Beam technology. . . HELLA's "glare-free high-

beam" headlights use individually controlled LEDs that adjust automatically

to real-time traffic conditions to reduce glare for other drivers. The system

automatically adjusts a car's headlamps to deliver ‘glare free’ illumination,

dimming or switching on and off light sources based on traftic conditions.
(Ex. 10 at 1, emphasis added.)

In reference to the above claim limitation and praise verbiage, Stam states: “[i]t is my
opinion that, from the described functionality, it’s clear that the praise is directed to an illuminating
device, including electronic circuitry apparatus for the controlled powering of the LEDs and other
of the illuminating device elements.” (Ex. OTH-A at §111; Ex. OTH-E at 7, 16, 33 and 51.)

The declaration addresses the limitation in claim 24, one or more sensors, including one
or more cameras, placed on the structure for detecting coordinate-specific information about the
illuminated area, at least one of said cameras in communication with power, and in
communication with at least one of the one or more processors and the praise verbiage from the
PACE Award Automotive News article: “The new Matrix Beam system combines a front
camera, high-performance software and "intelligent lighting" technology to recognize cars that
are being followed as well as oncoming traffic.” (Ex. 10 at 1, emphasis added.) In reference to
the above claim limitation and praise verbiage, Stam states: “[i]t is my opinion that, from this
sentence, it’s clear to a person skilled in the art that the industry praise is directed to an illuminating
device that includes the details of the camera sensor limitation.” (Ex. OTH-A at 112; Ex. OTH-
Eat8, 17,34, and 52.)

The declaration addresses the limitation in claim 24, a controller, including at least one of
the one or more processors, integrated with the structure via mounting, in communication with the

LED controlling power electronic circuitry apparatus, said controller arranged to process the
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information communicated from the cameras and to automatically control the light provided to
the illuminated area and the praise verbiage from the PACE Award Automotive News article
which provides:

A leader in automotive lighting and electronics, HELLA's "glare-free high-beam"
headlights use individually controlled LEDs that adjust automatically to real-
time traffic conditions to reduce glare for other drivers. The new Matrix Beam
system combines a front camera, high-performance software and "intelligent
lighting" technology to recognize cars that are being followed as well as

oncoming traffic.

The system automatically adjusts a car's headlamps to deliver "glare free"
illumination, dimming or switching on and off light sources based on traffic
conditions.

(Ex. 10 at 1, emphasis added.)

In reference to the above claim limitation and praise verbiage, Stam states: “[i]t is my
opinion that, from the above sentences and the inherent knowledge possessed by a person skilled
in the art, it’s clear that the industry praise is directed to an illuminating device that includes the
details of the controller limitation, wherein the controller processes information from the camera.”
(Ex. OTH-A at q113; Ex. OTH-E at 9-10, 18-19, 35-36, 53-54.)

The declaration addresses the limitation in claim 24, memory storing instructions that,
when executed by one or more processors of the controller, enable the controller to, and the praise
verbiage from the PACE Award Automotive News article which provides:

A leader in automotive lighting and electronics, HELLA's "glare-free high-beam"
headlights use individually controlled LEDs that adjust automatically to real-
time traffic conditions to reduce glare for other drivers. The new Matrix Beam

system combines a front camera, high-performance software and "intelligent
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lighting" technology to recognize cars that are being followed as well as

oncoming traffic.

The system automatically adjusts a car's headlamps to deliver "glare free"
illumination, dimming or switching on and off light sources based on traffic

conditions.

(Ex. 10 at 1, emphasis added.)

In reference to the above claim limitation and praise verbiage, Stam states: “[i]t is my
opinion that, from the above sentences and the inherent knowledge of a person skilled in the art,
in order to implement the “high performance software” it’s clear that memory storing instructions”
would necessarily be provided.” (Ex. OTH-A at 114, Ex. OTH-E at 20, 36-37, and 54-55.)

The declaration addresses the limitation in claim 24, enable the controller to . . deierniize
firat coordinaies correspemiding to an ather vehicle, bused on the coordinate-specific information,
and the praise verbiage from the PACE Award Automotive News article which provides:

A leader in automotive lighting and electronics, HELLA's "glare-free high-beam"
headlights use individually controlled LEDs that adjust automatically to real-
time traffic conditions to reduce glare for other drivers. The new Matrix Beam
system combines a front camera, high-performance software and "intelligent
lighting" technology to recognize cars that are being followed as well as

oncoming traffic.

The system automatically adjusts a car's headlamps to deliver "glare free"
illumination, dimming or switching on and off light sources based on traffic

conditions.

(Ex. 10 at 1, emphasis added.)

In reference to the above claim limitation and praise verbiage, Stam states: “[i]t is my
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opinion that, from the above sentences and the inherent knowledge of a person skilled in the art,
it’s clear that the industry praise is directed to an illuminating device that determines the position
of at least one other vehicle.” (Ex. OTH-A at §115; Ex. OTH-E at 20-21, 42, and 55-56.)

The declaration addresses the limitation in claim 24, enable the controller to . . . select a
cluster of the LEDs that emit light toward at least a portion of the other vehicle based on the LEDs
having emission aimings associated with the first coordinates, and the praise verbiage from the
PACE Award Automotive News article:

The new Matrix Beam system combines a front camera, high-performance software
and "intelligent lighting" technology to recognize cars that are being followed as

well as oncoming traffic.

The system automatically adjusts a car's headlamps to deliver "glare free"
illumination, dimming or switching on and off light sources based on traffic

conditions.

Individually controlled LEDs also provide two or more dark zones with "light
in-between," allowing continuous use of a vehicle's high-beams to maximize
visibility and provide a safer driving experience.

(Ex. 10 at 1, emphasis added.)

In reference to the above claim limitation and praise verbiage, Stam states: “[i]t is my
opinion that, from the above sentences and the inherent knowledge of a person skilled in the art,
an illuminating device that includes “individually controlled LEDs” necessarily selects the LEDS
to be aimed based on the position of the detected vehicle, per the select a cluster limitation.” (Ex.
OTH-A at §116; Ex. OTH-E at 22-23 and 56-57.)

The declaration addresses the limitation in claim 24, enable the controller to . . . change

emission of the selected cluster of LEDs relative to emission of other LEDs not included in the
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cluster to create headlamp illumination that preserves a first level of illumination illuminating
past the other vehicle while preventing glare fo a driver of the other vehicle and the praise verbiage
from the PACE Award Automotive News article:

The new Matrix Beam system combines a front camera, high-performance software
and "intelligent lighting" technology to recognize cars that are being followed as

well as oncoming traffic.

The system automatically adjusts a car's headlamps to deliver "glare free"
illumination, dimming or switching on and off light sources based on traffic

conditions.

Individually controlled LEDs also provide two or more dark zones with "light
in-between," allowing continuous use of a vehicle's high-beams to maximize
visibility and provide a safer driving experience.

(Ex. 10 at 1, emphasis added.)

In reference to the above claim limitation and praise verbiage, Stam states: “[i]t is my
opinion that, from the above sentences it would be clear to a person skilled in the art that the
industry praise description of an illuminating device with “two or more dark zones with ‘light-in-
between” to maximize visibility, corresponds to the above-identified claim limitation, providing
reduced illumination in the dark zones relative to the illumination on both sides of the dark zone.”
(Ex. OTH-A at q117; Ex. OTH-E at 24-25, 42, and 61-62.)

As evidenced by the nexus established above in regards to claim 24 and as further shown
in OTH-E, which establishes nexus between representative claims 6, 24, 32 and 56 and exemplary
industry praise verbiage, this objective indicia of industry praise bolsters the nonobviousness of
claim 6 and the new reexamination claims 24-87. In his declaration, Stam underscores the role of

the nexus evidence: “the objective evidence of industry praise with a nexus to the reexamination
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claims supports my underlying conclusion that the Glare-Free Adaptive Driving Beam system
covered in the reexamination claims are nonobvious over the combination of Stam PCT and
Harbers and are thus patentable.” (Ex. OTH-A at §118; Ex. OTH-E at 10.)

B. Long Felt but Unmet Need

Automotive companies and the industry at large have long recognized the two-fold need
for 1) increased visibility at night and 2) avoiding the discomfort of glaring headlamps. (Ex. OTH-
A at]119.)

This two-fold need was first solved by the glare-free adaptive driving beam systems
described by Spero in the ‘551 Patent, which gave rise to claim 6 and the new reexamination
claims, supported by the 2002 provisional application filing by Spero. (Ex. OTH-A at §120.)

As evidenced by contemporaneous prior art filings in 2002-2003, LED technology was in
nascent stages and not viewed as suitable for headlamp applications. In 2003 and for several years
thereafter, those skilled in the art of auto headlight design and controls used LEDs for taillights
and interior spotlights but not front headlights. By way of example, see EP1391347, filed by Hella
in 2002 which is directed to a pivoting, auto high-beam lamp devoid of any teaching of the use of
LEDs and U.S. Patent No. 6,752,523 filed in 2002 by Koito, which discloses the use of LEDs for
taillights but not headlights. It was not until 2006-2009 that automotive lighting companies began
filing patents directed to digital headlights for adaptive driving beam technology (Ex. OTH-G,
Krukenbaum ‘347 patent; Ex. OTH-H, Takahashi ‘523 patent; Ex. OTH-A at 121.)

Notably, LED headlights were first used in vehicles in 2007-2008. See, Toyota’s use of a
partial LED headlight in 2007 and Audi’s introduction of full LED headlights in 2008 (Ex. 1; Ex.
2; Ex. OTH-A at 121.)

Despite the launch of LED headlights in 2007-2008, regulatory restrictions by the National
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Highway Traffic Safety Administration (NHTSA) have prevented adaptive driving beam
technology from activation in the US, though such technology has been employed outside the US
for years. For a period of several years, starting in 2013, OEMs petitioned NHTSA for a change
in regulations. In 2018, NHTSA announced proposed rules to amend the regulations to allow
adaptive driving beam technology. (Ex. 4, NHTSA Proposed Rule 2018 at 1; Ex. OTH-A at §122.)
In July 2020, Alliance for Automotive Innovation (“Auto Innovators”) consisting of OEMs
provided supplemental comments to the NHTSA notice of proposed rulemaking detailing their
position on the proposed rulemaking. (Ex. 11, Alliance for Automotive Innovation at 1.)

The supplemental comment filed by the Alliance for Automotive Innovation, makes a
compelling case for why the prior art auto-high beam applications did not satisfy the long-felt need
for “adaptive driving beam technology,” which refers to adaptive LED headlights that address high
beam glare through coordinate-specific control strategies (Ex. 11). By way of example, the
Alliance for Automotive Innovation, which includes the majority of the global auto industry,

acknowledged that “an average of 0.3% of nighttime fatal crashes list glare as a contributing factor,

alternatively data shows that over 70% of pedestrian fatalities have occurred at night.” (Ex. 11 at

8, emphasis added; Ex. OTH-A at §123.)
One industry publication from 2014, underscores the long felt, but unmet need for a glare-

free headlight that optimizes illumination: “[e]ven after 130 years of headlight development, more

than half of vehicle crashes and fatalities occur at night despite significantly less traffic. More

than 300,000 crashes and thousands of fatalities are caused by rain and snow at night annually.

Approximately 30% of drivers are stressed by glare causing hundreds of fatalities every year.”

(Ex. 3, Tamburo R. (2014) at 1-2, emphasis added; Ex. OTH-A at §124.)
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According to AAA, vehicle headlamps are a primary safety system:

Research data from the National Highway Traffic Safety Administration (NHTSA)
reports approximately 25 percent of automotive travel occurs at night. However,
nearly 52 percent of all driver fatalities and 71 percent of all pedestrian deaths occur
during dark driving times . This data leads to the conclusion that driving in dark or
low-light conditions increases the likelihood of a collision at least partially due to

a combination of limited forward illumination by current automotive lighting

systems and the speeds at which drivers travel . The efficacy of headlamps

compliant with U.S. regulations may be a contributing factor. Research conducted

by AAA determined that modern headlamps on low beam provide adequate lichting

for speeds of only 39 mph to 52 mph. depending on the type of headlamp

(Ex. 8, AAA 2019 report at 3, emphasis added; Ex. OTH-A at §120.)

Notably, as part of NHTSA’s proposed rulemaking in 2018, NHTSA provided an extensive
summary of why a long-felt unmet need exists for adaptive driving beam technology. Excerpts of
the NHTSA summary are reproduced below to establish that during the relevant 2002-2003 time
period, a long-felt need existed for the glare-free adaptive beam technology [ADB] covered in the
reexamination claims of the ‘551 Patent. (Ex. OTH-A at §126.)

Based on the definitions of ADB in the NHTSA Proposed rulemaking, specifically the
sections boldfaced below, claim 6 and new claims 24- 87 of the ‘551 Patent are directed to an
Adaptive Driving Beam [ADB] system (Ex. OTH-A at §[127). The underlined quotes in the below
excerpt, provide strong evidence that the ADB system covered by in the ‘551 reexamination claims
satisfies a long-felt but unmet need:

While the benefits of improved visibility and the harmful effects of glare are

difficult to quantify, they are real. For example, a recent study from the Insurance

Institute for Highway Safety found that pedestrian deaths in dark conditions
increased 56% from 2009 to 2016. The harmful effects of glare are highlighted by
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the thousands of consumer complaints NHTSA has received from the public over

the years, Congressional interest, and the Agency’s research. NHTSA received

more than 5,000 comments in response to a 2001 Request for Comments on glare

from headlamps and other frontal vehicle lamps. Most of these comments

concerned nighttime glare. In 2005, Congress directed the Department of
Transportation to study the risks of glare. In response to these concerns, NHTSA
initiated a multipronged research program to study the risks of, and possible
solutions to, glare. ADB [Adaptive Driving Beam] systems are an advanced type
of headlamp beam switching technology that provides increased illumination
without increasing glare. Headlamp beam switching were first introduced in the
1950s, and while not initially widely adopted, have more recently become widely
offered as optional equipment. These traditional beam switching systems switch
automatically from the upper beam to the lower beam when meeting other vehicles.
ADB systems improve on this technology. They utilize advanced equipment,
including sensors (such as cameras), data processing software, and headlamp
hardware (such as shutters or LED arrays). ADB systems detect oncoming and
preceding vehicles and automatically adjust the headlamp beams to provide
less light to the occupied roadway and more light to the unoccupied roadway.
ADB technology enhances safety in two ways. First, it provides a variable,
enhanced lower beam pattern that is sculpted to traffic on the road, rather
than just one static lower beam pattern. It provides more illumination than
existing lower beams without glaring other motorists (if operating correctly
Second, it likely will lead to increased upper beam usage. Research has shown
that most drivers under-utilize the upper beams. The effects of this increase as
speeds increase, because at higher speeds the need for greater seeing distance
increases. ADB technology (like traditional beam switching technology) enables
the driver to activate the ADB system so that it is always in use and there is no need
to switch between lower beams and upper beams. In this way, the upper beam will
be more widely used, and used only when there are no other vehicles present. For

both these reasons, ADB has the potential to reduce the risk of crashes by increasing

visibility without increasing glare. In particular, it offers potentially significant

Page 80 of 1219 69 SPERO EX. 2023



safety benefits in avoiding collisions with pedestrians, cyclists. animals, and

roadside objects.

“Background & Safety Need

ADB technology is an advanced type of semiautomatic headlamp beam switching
technology. More rudimentary beam switching technology was first introduced in
the 1950s and was limited simply to switching between upper and lower beams.
Adaptive driving beam technology is more advanced. It uses advanced sensors
and computing technology that more accurately and precisely detect the
presence and location of other vehicles and shape the headlamp beams to
provide enhanced illumination of unoccupied portions of the road and avoid

glaring other vehicles.”

“The Twin Safety Needs of Glare

Vehicle headlamps must satisfy two different safety needs: Visibility and glare
prevention. Headlamps provide forward visibility (and also work in conjunction
with parking lamps on passenger cars and other narrow vehicles to provide
conspicuity). They also have the potential to glare other motorists and road users.
For this reason, headlighting systems include a lower beam and an upper beam.
Lower beams (also referred to as passing beams or dipped beams) illuminate the
road and its environs close ahead of the vehicle and are intended for use during low
speed driving or when meeting or closely following another vehicle. Upper beams
(also referred to as high beams, main beams, or driving beams) are intended
primarily for distance illumination and for use when not meeting or closely
following another vehicle. The lower beam pattern is designed to produce relatively
high levels of light only in the close-in forward visibility region; the upper beam is
designed to produce high light levels in close-in and longer distance regions. Thus,
headlighting has traditionally entailed a trade-off between forward longer-

distance visibility for the driver and glare to other road users.

Visibility and glare are both related to motor vehicle safety. Visibility has an
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obvious, intuitive relation to safety: The better a driver can see the road, the better

he or she can react to road conditions and obstacles and avoid crashes. Although

the qualitative connection to safety is intuitive, quantifying the effect of visibility

on crash risk is difficult because of many confounding factors (for example, was
the late-night crash because of diminished visibility or driver fatigue?). Glare, again
intuitively, is related to safety because it degrades a driver’s ability to see the
forward roadway and any unexpected obstacles. Glare is a sensation caused by
bright light in an observer’s field of view. It reduces the ability to see and/or causes

discomfort. Headlamp glare is the reduction in visibility and discomfort caused by

viewing headlamps of oncoming or trailing vehicles (via the rearview or side

mirrors).1 Empirical evidence suggests that headlamp glare degrades important

aspects of driving performance, such as decreasing the distance at which an object

in or near the roadway can be seen, increasing driver reaction times. and reducing

the probability a driver will detect an object.2 It is difficult, however, to quantify

the effect of glare on crash risk.

The potential problems associated with glare are highlighted by the thousands of

complaints NHTSA has received from the public on the issue. The introduction of

halogen headlamp technology in the late 1970s and high intensity discharge and

auxiliary headlamps in the 1990s was accompanied by a marked upswing in the

number of glare complaints to NHTSA. In response to increased consumer

complaints about glare in the late 1990s., NHTSA published a Request for

Comments in 2001 on issues related to glare from headlamps, fog lamps, driving

lamps, and auxiliary headlamps. NHTSA received more than 5.000 comments,

most of which concerned nighttime glare from front mounted lamps.”

(Ex. 4 at 2-5, emphasis added; Ex. OTH-A at §127.)
Based on the above examples of industry praise, teaching away, and long felt but unmet

need and their nexus to the claimed invention, there is “sufficient objective evidence that the ‘551
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Patent was not obvious during the relevant time frame and given the state of the industry at that
time.” (Ex. OTH-A at §127.)
XI.  Conclusion

The prior art documents presented in the above Request were not previously considered by
the Office pursuant to MPEP § 2242,

Claim 6 and new claims 24 — 87 of the ’551 Patent are patentable over the prior art
documents cited herein. The prior art documents teach the subject matter of the 551 Patent in a
manner such that a substantial new question of patentability for Claim 6 is raised by this Request.

Accordingly, the Office is requested to grant this Request and to initiate reexamination with special

dispatch.
Respectfully submitted,

Dated:  July 30, 2021 / Sangeeta G. Shah /
Sangeeta G. Shah (Reg. No. 38,614)
Brooks Kushman P.C.

1000 Town Center, 22" Floor
Southfield, MI 48075-1238
Phone: 248-358-4400

Fax: 248-358-3351
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issued April 24, 2018 | The request is made by;

patent cwner. m third paity requestear.

2. The name and address of the person requesting reexamination is:
Yechezkal Evan Spero

20 Rashi St.
Moshayv Tifrach, Israel 85102

3. Reguester [:} asseris smail entily status 37 CFR 1.27) or {:} certifies micro entity status {37 CFR 1.29). Oniy
a patent owner requester can certify micro entity status. Form PTO/SB/MEA or B must be attached {o cerlify
micre entity status,

4, This reqguest is accompanied by payment of the reaxamination fee as set forth in;

37 CFR 1.20{0)(2); or

E} 37 CFR 1.20(0){1). In checking this box for payment of the fee set forth in 37 CFR 1.28{c){1}, requester
asserts that this request has forty (40} or fewer pages and compiliss with all other requirements of
37 CFR 1.28{c}{1}.

Faymeni of the reexamination fee is made by the method set forih below.

a. m A check in the amount of & is enciosed o cover the reexamination fee,;

b, [::E The Direclor is hereby authorized to charge the resxamination fee
to Deposit Account No. :
. l::] Payment by credit card, Form PTO-2038 is atlached; or
d. Payment made via EF&-Web,
in addition, the Director is hereby authorized o charge any fee deficiencies 1o
Deposit Account No. 023978

5, Any refund should be made by |_lcheck or {8 lcredit to Deposit Account No., 023978
37 CFR 1.28(¢). If payment is made by cradit card, refund must be to credit card account.

8. A copy of the patent 10 be reexamined having a double column format on one side of a separate paper is
enciosed. 37 CFR 1.510{)(4).

7. D CD-ROM or CR-R in duplicate, Computer Program (Appendix) or large lable
m Landscape Tabie on CD

{Page 1 of 3}
This collection of information is required by 37 CFR 1.510. The information is required to obtain or retain a beneafit by the public which is to file (and by the USPTC
16 process) 3 request for resxamination. Confidentiality is governed by 38 U 8.C 122 and 37 CFR 1.11 and 1.14. This coliection is estimated to take 18 minuies {o
complete, including gathering, preparing, and submiiting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent {o the Chief Information Officar, U.S,
Patent and Trademark Office, LL.S. Department of Commerce, P.O. Box 1480, Alexandria, VA 22313-148C. DO NCT SEND FEES CR COMPLETED FORMS TC
THIS ADDRESS. SEND TO: Mall Siop £x Parfe Reexam, Commissioner for Patents, P.O. Box 1450, Alexandria, YA 23313-1450.
If you need assistance in completing the form, call 1-800-FTO-9188 and select oplion 2.
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PTC/SR/ET (01-18)
f. OMB 0851-0084
. T OF COMMERCE
Under the Paperwork Reduction Act of 1985, no persons are required fo respond o a collection of information unless il displays a valid OME conirol number.,

3. m Nucleotide and/or Amino Acid Sequence Submission
if applicable, ifems a. — ¢. are required.

&, m Computer Readabie Form (CRF}

b, Specification Sequence Listing on:
i. E:E CD-ROM (2 coples) or CD-R (2 copies) or
i l::] paper

c. E::] Statements verifying identity of above copiles.
9. m A copy of any disclaimer, certificate of correction or reexamination certificate issued in the patent is included.

10. Reexamination of claim(s) 6 is requesied.

1. A copy of every patent or printed publication relied upon is submitied herewith including a listing thereof on
Form PTO/SB/0S, PTO-1448, or equivalent.

12, i:} An English language translation of ali necessary and pertinent non-English language palents and/or printed
publications is attached.
13. The attached detailed request includes at least the following items:

a. A statement identifying each substantial new question of pateniability based on prior patents and printed
publications, 37 CFR 1.510{()(1).

b, An identification of every claim for which reexamination is requested, and a delailed explanation of the
pertinency and manner of applying the cited an o every claim for which reexamination is requesied.
37 CFR1.510(b}2).

14, A proposed amendment is included {only where the patent owner is the requesten. 37 CFR 1.5103{e).

15. & it is cerlified that the statutory estoppel provisions of 35 U.8.C. 315{e}(1) or 35 U.8.C. 325(e)(1) do not
prohibit requester from filing this ex parfe reexamination request. 37 CFR 1.510(b}8).
18. Service

a. [::E it Is certified that a copy of this request {if filed by other than the patent owner) has been served in iis
enlirety on the palent owner as provided in 37 CFR 1.3%{c).

The name and address of the party served are;

Date of Service:

OR

o. [::E A duplicate copy is enclosed since senvice on patent owner was not possible. An explanation of the
efforts made 10 serve patent owner is attached. See MPEP 2220,

{Page 2 of 3}
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1.8, Patent and Trademark Office; U 8. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond {o a collection of information unless il displays a valid OME contiol number.

Approved for use through 11/30/2021

17. Correspondence Address: Direct all communication about the reexamination to:

The address associated with Custorner Number 22@45

OR

[ | Firm or Individual Name
{at the address identified below)

Address

City State Zio
Country

Telephone Emaii

18. The patent is currently the subject of the following concurrent proceeding(s):
a. Copending reissue Application No. 16858342

. [:} Copending reexamination Control No.

o

. [:E Copending Interference No.

[+

d. D Copending litigation styled:

WARNING : Information on this form may become public. Credit card information should not be included on this
form. Provide credit card information and authorization on PTO-2038.

{Sangeeta G. Shah/ July 30, 2021
Authorized Signature Date
Sangeeta G. Shah 38,614
Typed/Printed Name Registration No.
For Patent Owner Requester m For Third Parly Requester

{Page 3 of 3}
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Privacy Act Statement

The Privacy Act of 1974 {P.L. 83-878) requires that you be given certain information in connection with your submission
of the attached form related to a patent application or patent. Accordingly, pursuant 1o the requiraments of the Act, please
be advised thal: (1} the general authority for the coliection of this informatlion is 35 U.S.C. 2{b){(2); (2) furnishing of the
information soliciied is voluntary; and (3} the principal purpose for which the information is used by the U.G. Patent and
Trademark Office is {0 process and/or examing your submission related to a patent application or patent. f you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able {0 process and/or examineg your
submission, which may result in termination of proceedings or abandonment of the application or expiration of the palent.

The information provided by you in this form will be subject {0 the following routine uses!

1.

oa

The information on this form will be trealed confidentially 10 the exient allowed under the Freedom of Information
Act (5 U.B.C. 552} and the Privacy Act (6 U.8.C 552a). Records from this system of records may be disclosed
1o the Depariment of Justice 1o delermine whether disclosure of these records is required by the Freedom of
information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidance 1o
a court, magisirate, or administrative tribunal, including disclosures io opposing counsel in the course of
settiement negotiations.

A racord in this system of records may be disclosed, as a routine use, to a Member of Congress submitiing a
request invelving an individual, to whom the record perains, when the individual has requested assistance from
the Member with respect to the subject matter of the racord.

A record in this sysiem of records may be disclosed, as a routine use, 1o a contraclor of the Agency having need
for the information in order io perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amendad, pursuant io 5 U.3.C. 552a{m).

Arecord related to an International Application filed under the Palent Cooperation Treaty in this system of records
may be disclosed, a5 a routine use, to the Internalional Bureau of the World intellectual Property Organization,
pursuant {o the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routing use, to another federal agency for purposes of
National Securily review (35 U.S.C. 181) and for review pursuani to the Alomic Energy Act (42 U.5.C. 218(c)).
A record from this system of records may be disclosed, as a routine use, 1o the Administrator, General Services,
of hisfher designee, during an inspection of records conducied by GSA as part of that agency’s responsibility to
recommend improvements in records management practices and programs, under authorily of 44 U.5.C. 2204
and 2806, Such disclosure shall be made in accordance with the GSA regulations govermning inspeclion of
records for this purpose, and any other relevant {L.e., B8A or Commerce) directive. Such disclosure shall not be
used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, 1o the public after either publication of
the application pursuant 1o 35 U.S.C. 122(1) or issuance of a patent pursuani to 35 U.S.C. 181, Further, arecord
may be disclosed, subject to the limilations of 37 CFR 1.14, as a routine use, {o the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspeclion or an issued palent.

A record from this sysiem of records may be disclosed, as a routine use, {0 a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a viclation or potential viclation of law or regulation.
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TO/ALA/SLR (07-13)
e through 03/33/2021, OME 0651-0035

S DEPARTMENT OF COMMERCE
splavs 3 valid OMB conrel nu

Approved for
LS. Patent and Trad rk
Lnder the Paperwork Reduction Act of 1895 nio persons are required to resgond 1o 3 collection of information

/, REEXAMINATION OR SUPPLEMENTAL Control Number{s} Not et Assigned
EXARMINATION ~ PATENT OWHNER POWEROF Filing Datel{s}
ATTORNEY OR REVOCATION OF POWER OF First Named Inventor | Yechezkal Evan Spero

her

ATTORNEY WITH A NEW POWER OF ATTORNEY | Title Datector Controlied Huminating System
AND CHANGE OF CORRESPONDENCE ADDRESS Patent Number 9,085 551 B2
FOR REEXAMINATION OR SUPPLEMENTAL Examinar Name W/A
\L EXARMINATION AND PATENT Attorney Docket Nofs) | TRCHO102RX j

i. Power of Attorney. This form may be used to change the Power of Attorney in a reexamination or
suppiemental examination proceeding {or multipie proceedings where merged). This form may also be used to
change the Power of Attorney in the patent file; in such a case, a copy of this form will be placed in both the patent
file and the resxamination or supplemental examination proceeding.

A. Revocation of Previous Power of Attorney. | hereby revoke all previous patent owner powers of attorney, if
any, giver:

ane may be changed anly if the proceedings are merged).

{check BOTH boxes if change in BOTH the patent file and the reexamination or supplemental examination
proceeding is requested).

B. Designation of Power of Attorney.

D A Power of Attorney is submitted herewith.

OR

| hereby appoint Practitioner(s) associated with the Customer Number identified in the box at
right as my/our attorney(s) or agenti{s} to prosecute the proceeding(s)/patent identified above 22{}45
and selected in section H{A), and to transact all business in the United States Patent and

Trademark Office connected therewith:

| hereby appoint Practitioner(s) named below as my/our attorney{s) or agent{s} to prosecute the proceeding(s)
identified above, and to transact alf husiness in the United States Patent and Trademark Office connected
therawith:

Practitioner{s} Name Registration Number

Authorization for the Power of Attorney is provided by the signature on page 2 of this form.

This collection of information is regquired by 37 CFR 1.31, 1.32, and 1.23. The information is required to obtain or retain a benafit by the public,
which is to update {and by the USPTO to process) the file of a patent or reexamination proceading. Confidentiality is governed by 35 U.5.C. 122
and 37 CFR 1.14. This coilection is estimated to take 15 minutes to complete, includin thering, preparing, and subwitting the complated
application form to the USPTO. Time will vary depending upon the individual case. An mments on the amount of time you reguire to
complete this form and/or suggestions for reducing this burd hauld be sent to the Chief Information Officer, U.S. Patent and Trademark
Cffice, U.S. Department of Commerce, P.G. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS, SEND TO: Commissioner for Patents, P.0. Box 1450, Alexandria, VA 22313-1450.

foai

if vou need gssistanice in completing the form, call 1-800-FT0O-9199 and select option 2.
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PTO/AIA/81S {07-13)

Approved for use through 03/31/2021. OMB 0651-0035

U.5. Patent and Traderark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 3895 no persons are required to respond to a collection of information unless it displays 3 valid OMB control number

. Change of Lorrespondence Address

Please recognize or change the correspondence address for the above-identified reexamination ar supplemental
examination proceeding control number{s} {more than one may be changed only if they are merged proceedings)

and for the file of the sbove-identified patentto ba

Pl
Eﬁﬂ The addrass associatad with the above-identified Customer Number.
oR

D The address associated with the Customer Number identified in the box at right:
OR

Firm or

individual

Name
Address

City ! State | | Zip
Country
Telephone { Emall |
NOTE: THE CORRESPONDENCE ADDRESS FOR THE REEXAMINATION OR SUPPLEMENTAL EXAMINATION
PROCEEDING CONTROL NUMBER{S) MUST BE THE SAME AS THAT FOR THE PATENT. SEE37 {FR 1.33.

i, Authorization for Power of Altorney and {if selected} Change of Corvespondence Address

P am the:
@ inventor, having cwnership of the patent being reexamined.
oR

Paient owner.

Stotement under 37 CFR 3.73(c} (Form PTO/AIA/96) submitted herewith or filed on

Signature of inventor or 3 ‘ (7 = SN Dat A
o Behent d Epn < T July 14th, 2021

Patent Owner N XY
Name YECHEZKAL EVAN SPERO Telephone | +972-54-440-7280

Title and
Company
NOTE: Signatures of all the inveniors or patent owners of the entire interest or their representative(s} are
reguired. If more than one signature is required, submit multiple forms, check the box below, and identify the toial
number of forms submitted in the blank below,

@ A totat of 1 forms are submitted. If vou need gssistance in completing the form, coll 1-800-
PT0O-9198 and select option 2.

{Page 2 of 2}
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7/30/2021 A look at the new LED headlights on the Lexus LS600h
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After the enormous interest in our previous story on the new i i

i 4, we've decided to give you the latest
updates to the LED system Lexus plans to introduce in the flagship LS 600h. Unlike the all-LED system that Audi will debut on its
R8 sports car at the end of the year, the Lexus units only use the efficient diodes for its low-beam projectors.

Lexus will still offer conventional halogen lamps or optional xenon units but the advantage of LEDs is as clear as night and day. The
average life span of LEDs is approximately 15 years without any reduction in the light beam'’s intensity or color. They are also very
reliable, maintenance free, and the light response time is very quick, taking just 0.1 of second to reach full intensity.

Their best feature, however, is the ultra-low power usage, which in turn leads to less fuel consumption and carbon-dioxide
emissions. The two headlight units of the Lexus LS 600h consist of three LED lenses for the headlight low beam, two LEDS for
illuminating close range and a xenon headlight for the high beam.

The headlights can also swivel up to 20 degrees from center depending on the steering angle and the given speed of the vehicle,
and automatically reduces brightness when approaching oncoming traffic.
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5/20/2021 LED headlights - Audi Technology Portal

DE | EN

LED headlights

The LED headlights are an area of technology in which Audi is well ahead of the competition. They were
introduced in 2008 on the R8 high-performance sports car; since then the brand with the four rings has
repeatedly extended its lead.

The LED headlights give the Audi vehicles for which they are available an unmistakably striking appearance,
even in daylight, and even more so after the fall of darkness. With a color temperature of around 5,500 Kelvin,
their light resembles daylight and thus is much Less tiring for the eyes. The light-emitting diodes are zero-
maintenance and designed for the life of the vehicle. They also shine in terms of efficiency with their low power
consumption. The low beams, for example, consume only around 40 watts per unit, which is less than the
already highly efficient xenon plus headlights and much less than conventional halogen headlights.

The innovative technology of the full LED headlights led to a radically new and fascinating design. On the Audi
A8, for instance, the low beams comprise ten individual lens modules extending through the headlightin a
distinctive arc below the chrome contour known as the wing, on account of its shape. Just below this is another
arc of 22 white and 22 yellow LEDs for the daytime running lights and the turn signals. Their thick wall
technology makes them appear to the onlooker as homogenous, continuous strips of light.

The high-beam headlights are located above the wing. Their light is generated by two powerful four-chip LEDs
and a free-form reflection system; an assistance function switches between the low and high beams.
Additional high-output LEDs generate the highway light and the cornering light. A separate fan and heat sink
moderate the temperature of each headlight unit.

Status: 2011

5

T Short text i

hitps://www.audi-technology-portal.de/en/electrics-electronics/lighting-technology/led-headlights#:~:text=The LED headlights are an,has repeatedly ext... 1/3
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Systematically efficient: the LED headlights in the Audi A8 E:I} 4 -“E'
Page 95 of 1219 SPERO EX. 2023

hitps://www.audi-technology-portal.de/en/electrics-electronics/lighting-technology/led-headlights#:~:text=The LED headlights are an,has repeatedly ext... 2/3



5/20/2021 LED headlights - Audi Technology Portal

Highly integrated system: Audi is the leader in LED technology i:j:’ b %
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Programmable Automotive Headlights

Robert Tamburo!, Eriko Nurvitadhi?, Abhishek Chugh!, Mei Chen?,
Anthony Rowe!, Takeo Kanade!, Srinivasa (G. Narasimhan'

! Carnegie Mellon University, Pittsburgh, PA USA
2 Intel Research, Pittsburgh, PA USA

Abstract. The primary goal of an automotive headlight is to improve
safety in low light and poor weather conditions. But, despite decades of
innovation on light sources, more than half of accidents occur at night
even with less traffic on the road. Recent developments in adaptive light-
ing have addressed some limitations of standard headlights, however,
they have limited flexibility - switching between high and low beams,
turning off beams toward the opposing lane, or rotating the beam as
the wvehicle turns - and are not designed for all driving environments.
This paper introduces an ultra-low latency reactive visual system that
can sense, react, and adapt quickly to any environment while moving at
highway speeds. Our single hardware design can be programmed to per-
form a variety of tasks. Anti-glare high beams, improved driver visibility
during snowstorms, increased contrast of lanes, markings, and sidewalks,
and early visual warning of obstacles are demonstrated.

Keywords: Adaptive headlights, reactive visual system, computational
illumination

1 Introduction

Traditional headlights consist of a small number of lamps with simple optics
to direct a light beam onto the road. Starting with gas/oil lamps in the 1880s,
research has been primarily geared towards developing headlights that can be
electrically controlled, have a long working life, and are bright and energy ef-
ficient. The inventions of Halogen lamps, Xenon (HID) lamps [4], [5], and the
more recent LED [1], [2] and Laser sources [9] have followed this research trend.
These latest sources provide bright and comfortable color temperatures improv-
ing driving experiences. However, even with these new light sources the only
control offered to a majority of drivers is to switch between high and low beams.

Low beams illuminate the road a short range in front of the vehicle while high
beams have a longer range and wider angle. High beams are useful in a variety
of situations providing better visibility farther down the road and along narrow,
curvy roads. However, they cause significant glare to other drivers, bicyclists, and
pedestrians. High beams also significantly reduce contrast in the presence of fog
and haze, and cause bright distracting streaks during precipitation events. Even
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2 Tamburo, et al.

fatalities occur at night despite significantly less traffic [14]. More than 300,000
crashes and thousands of fatalities are caused by rain and snow at night annually
[14]. Approximately 30% of drivers are stressed by glare causing hundreds of
fatalities every year [12]. Thus, a headlight that adapts to the environment can
be critical to improving safety on the road during poor visibility conditions.

Recognizing the limitations of traditional headlights, adaptive lighting sys-
tems have been developed to adjust their brightness in response to changing
driving conditions. Some systems, e.g. Lincoln [6], Audi [2], Volkswagen [7], me-
chanically swivel the headlight based on the wvehicle’s turning radius allowing
drivers to see around curved roads. Other systems use configurations of multi-
ple LEDs, where individual LEDs can be automatically turned off toward the
driving lane and/or the opposing lane to reduce glare, e.g., BMW [21], Audi
[22], Mercedes [23], and Volvo [24]. In [9] swiveling LEDs spotlight pedestrians
on sidewalks. These advanced systems have come a long way from traditional
headlights, but fundamental issues remain: they are not versatile and are de-
signed for one-off applications, they require mechanical components that reduce
reliability, and their low-resolution and high latency limits them from adapting
to many types of road conditions and poor visibility situations.

This paper presents a new computational illumination design for an auto-
motive headlight that is flexible and can be programmed to perform multiple
tasks at high speeds. The key idea is the introduction of a high-resolution spatial
light modulator (SL.M) such as the digital micro-mirror device (DMD) present
in DLP projectors. A DMD divides a light beam into approximately one mil-
lion beams that can be individually controlled to shape the collective beam for
any situation. A sensor (camera) is co-located with the light source and a com-
puter processes images to generate illumination patterns for the SLM. While the
design may seem straightforward and follows many works on projector-camera
systems in computer vision, there are many challenges in building such a system
to serve as a headlight. The accuracy requirements can be high since small errors
in beam positioning and flickering are easily perceived and can be more disturb-
ing than standard headlights. High accuracy can be achieved by minimizing the
time from when a camera senses the environment to when the headlight reacts
(system latency). Low latency is also required to avoid the need for complex
prediction algorithms to determine where an object will move next.

A prototype system was built with an ultra-low latency of 1 to 2.5 ms (vari-
ation due to factors explained in Section 4) and hence our system requires no
prediction algorithm in most cases. We have conducted road demonstrations
while traveling at usual traffic speeds to show the feasibility and effectiveness
of the design (see website for videos [25]). Example applications include anti-
glare persistent high beams, visibility improvement in snowstorms (shown with
artificial snow), and illuminating roads with better contrast and lane definition.
Results of providing early visual warning of obstacles can be seen at [25]. OQur
system is able to tackle all of these applications with a single hardware design
and achieve higher light throughput than what is possible with any configuration
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Programmable Automotive Headlights 3

Fig. 1. Left: Prototype of our programmable automotive headlight design (computer
not pictured). The camera, spatial light modulator, and beam splitter are firmly
mounted to an optical breadboard. A mirror to the side of the beam splitter deflects
reflected light from the light source upward. Right: Road tests were conducted by se-
curing the prototype to the hood of a vehicle with a suction cup-based mount. An
acrylic enclosure was constructed to protect components from dust, dirt, and moisture.

2 Overview of Programmable Headlight Design

Our programmable headlight design consists of four main components: an im-
age sensor, processing unit, spatial light modulator (SLM), and beam splitter.
The imaging sensor observes the road environment in front of the vehicle. Ad-
ditional sensors such as RADAR or LIDAR can be incorporated into the design
to complement the camera. The processor analyzes image data from the sensor
and controls the headlight beam via a spatial light modulator. The spatial light
modulator (e.g., digital micro-mirror device, liquid crystal display, liquid crystal
on silicon, etc.) modifies the beam from a light source by varying the intensity
over space and time in two dimensions. We use a DMD because its high working
frequency and small pixel size permit high-speed modulation and fine illumina-
tion control, which makes it possible for our headlight to quickly react to objects
as small as snowflakes and objects as large as vehicles.

The camera and SLM are co-located along the same optical line of sight
via a beam splitter, which virtually places the image sensor and DMD at the
same location. Co-location is advantageous because it makes calculating the dis-
tance to objects unnecessary. Consequently, there is no need to perform costly
computations required for depth estimation and 3D tracking. Also, a single ho-
mography will map the camera and projector image planes regardless of the
scene. If the image sensor and DMD chip are placed very close to each other, the
beam splitter is not required. Reactive visual systems with a similar design have
been described by [11], [16], [20], but their systems are too slow for high-speed
automotive applications. High latency in conjunction with road effects like wind
turbulence and vibration will require complex prediction algorithms that will
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3 Design and Implementation of a Prototype System

We designed and implemented a prototype with low latency and high data
throughput (Figure 1), and conducted road tests to demonstrate the feasibil-
ity of our DMD-based reactive visual system design as a headlight. The camera
and SLLM must have a very fast frame rate, e.g., kilohertz range, to capture
images of fast moving objects and to create illumination patterns that are im-
perceptible to drivers. Consequently, a lot of data must be transferred to and
from the processing unit with minimal latency. To achieve these goals, compo-
nents with high-speed interfaces were tightly integrated through hardware and
software. The prototype measures 45 cm wide, 45 ¢m long, and 30 cm tall and is
currently too large to install in a vehicle as a headlight. The current size is due
to using off-the-shelf components. Specialized embedded hardware with an inte-
grated imaging, processing, and SLM unit will be required to create a compact
headlight. Road tests were conducted by securing the prototype to the hood of
a vehicle with a suction-cup based vehicle mount. A custom acrylic enclosure
protects the system from dust, dirt, and moisture. We demonstrate in Sections
5 and 6 that the prototype performs a variety of tasks at typical traffic speeds.

3.1 Sensing the Road Environment

A camera (Basler acA2040) with a CMOS sensor highly sensitive to light with
correlated double sampling to significantly reduce noise was used to capture
images. The camera is sensitive to visible and near infrared light since most
objects of interest are detectable within this spectrum of light. Monochrome im-
agery is used to avoid the computational overhead associated with demosaicing
the Bayer pattern. A global shutter with area scan is used to avoid distortion
effects common with the rolling shutter. Latency is reduced via a pipelined pixel
architecture that permits exposure during readout. The camera’s extended Cam-
eral.ink configuration has transfer rates of up to 6.8 gigabits per second. The
camera is mounted to a set of linear stages for fine control during calibration.

3.2 Image Processing and System Control

A desktop computer provides an interface between the camera and SLM, per-
forms image analysis, and controls the system. The computer was custom built
using an Intel Core 3.4 GHz (i7-2600K) CPU with eight cores and hyper-threading
technology. A PCI express 2.0 frame grabber (Bitflow Karbon SP) that trans-
fers image data directly into computer memory without any buffering. The main
processing tasks were parallelized to reduce latency and increase system respon-
siveness. The three-stage processing pipeline is shown in a timing diagram (Fig-
ure 2} with times measured from the prototype system as described in Section
4. Capture refers to the integration time of the camera. TX denotes the time to
transfer image data to the host computer and the time to transfer data from the
host computer to the SLLM. Process refers to image analysis and system control.
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Fig. 2. Timing diagram of the three-stage pipeline with execution times in milliseconds.
Capture refers to camera exposure. Process refers to analysis of images and system
control. TX denotes data transfer between camera and computer or between computer
and SLM. Latency is the time required to illuminate the scene after capturing an image.

Since execution time is critical, the focus of image analysis algorithms is on
speed rather than accuracy. Image analyses were performed using OpenCV com-
piled with Intel Integrated Performance Primitives and Thread Building Blocks
to maximize parallelism. Functions that perform per-pixel operations were com-
bined using SSE2 intrinsic functions, when possible, to reduce the computation
time associated with multiple iterations over the image. Pre-computable opera-
tions such as distortion correction and perspective transformation were initial-
ized and stored in look-up tables. After analyzing images, illumination patterns
are encoded and stored in an array then transmitted to the SLM.

3.3 High-Speed Illumination of the Road Environment

A DMD chip is used as a SLLM for its spatial and temporal resolution. They are
used in consumer DLP projectors, but are driven by video frame rates, which
are well below our kilohertz target. A DLP development kit (WinTech W4100)
based on the Discovery 4100 (Texas Instruments) was used as the basis of our
SLM because the board contains a user programmable FPGA (Xilinx Virtex-
5) to achieve fast update rates. The DMD chip is 0.7 with XGA (1024 x768)
resolution, which, essentially means the headlight beam can be divided into
786,432 smaller beams each of which can be turned on or off. This type of
modulation gives unprecedented control over the illumination in space and time.
Illumination patterns are received {rom the host computer by USB 2.0.

The DLP development kit does not include any optics. The optics and light
source from a consumer DLP projector (InFocus IN3124) were used instead of
designing custom components. We chose this projector because it uses the same
DMD chipset as the development kit and uses a lamp brighter (4800 Lumens)
than most vehicle high beams. The projector’s native DMD chip was removed
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custom machined mount. A copper heat sink and fan were installed to improve
heat dissipation. All of the native DLP electronic boards were left attached to
maintain operability even though only the optics and lamp are actively used.
The FPGA was programmed to display patterns faster than 1 kHz. In our
design, the FPGA receives data streamed from the host PC and produces the
commands for a DMD controller to display the appropriate patterns on the
DMD. Each row (1024 pixels) of the DMD is represented as a bit-vector. Trans-
ferring a 1024-bit vector for each of the 768 rows was too slow (over 1.5 ms).
Instead, the rows are subsampled by a factor of four by representing 1024 pixels
by a 256-bit vector. Some resolution is lost, but the visual impact is negligi-
ble. Data was further compressed to increase system speed by reading out every
other row from the image sensor. The missing rows of the resulting illumination
pattern are filled-in by duplicating the previous row on the FPGA. Thus, the
image is down-sampled by a factor of 4 horizontally and a factor of 2 vertically.

3.4 System Calibration

Calibrating the system consists of co-locating the camera and SLLM, and com-
puting the homography between the camera and SLM image planes. To achieve
co-location, a beam splitter with 50% transmission and 50% reflection (Edmund
Optics) is used. The projector, rigidly affixed to the optical breadboard, illumi-
nates an object. The camera is translated in all three cardinal directions and
rotated until shadows cast by the object are no longer observed by the camera.
This recursive co-location procedure takes about 10 minutes to perform.

After positioning the camera and SLM along the same optical line of sight,
a perspective transform is calculated for the homography. Radial and tangen-
tial distortion by the camera lens is characterized by capturing an image of a
checkerboard image and estimating the camera’s intrinsic parameters and distor-
tion coefficients. A homography is computed by first projecting a checkerboard
pattern and capturing an image. The image is then undistorted and detected cor-
ner points are used to compute a perspective transform. After performing these
calibration steps, the transformations are stored in look-up tables for later use
and the system can be used anywhere without modification. These calibration
steps were performed using functionality available in the OpenCYV library.

4 Measuring System Latency

As discussed in Section 3.2, the system is pipelined in three stages: image capture
and transfer, image processing and transfer, and illumination. Latency of the
system is the time between capturing an image and illuminating the scene. There
are several factors that contribute to latency. Image size is directly related to
camera/computer and computer/SLM transfer time, and image processing time.
The size and number of detected objects also has an effect on latency requiring
more processing time and thus increases latency. Lastly, the computer’s operating

SYS@H@@%@WH@1'§WY and interrupts that add uncertaintgﬁeﬁbeéxt_w:;



Programmable Automotive Headlights 7

Moving Average of System Latency for Two Trials

Averuge: 111 ma
Variance: 0.022 ms
Shewness: 2.61

Arca Under Poak: 63%

facd

freguenty Count

Average Latency (ms)

0.5

S A S A S
Regeeed

u
ennn, e SRR IR N AR ke wne s
14 1.6 1.8

£z The T THTTTHG 12 1.3
Lateney {ms} D

Fig. 3. A: Circuit for measuring system latency consists of an LED and a phototran-
sistor connected to a micro-controller board (Arduino Uno). To measure the system’s
reaction time, the micro-controller measures the time for the system to detect the
illuminated LED then illuminates/dis-illuminates the phototransistor. B: Latency is
observed on an oscilloscope (typical readout shown) and measured/recorded by the
micro-controller board. C: Histogram (0.01 ms per bin) shows data collected over 30
minutes. The system has some uncertainty, but typically reacts within about 1 ms. D:
Moving average (1 second intervals) of latency for a trial with and without uncertainty.

To measure system latency, a circuit was built to measure the system’s time
to react to an illuminated LED (Figure 3A). The circuit consists of an LED,
phototransistor, and micro-controller (Arduino Uno). The high-level idea is to
measure the response time of the system by enabling an LED and timing how
long it takes for the system to detect the LED and project light onto the photo-
transistor. To achieve this, the system was programmed to illuminate the photo-
transistor every other frame. Observing the signal from the phototransistor with
an oscilloscope reveals a step response as shown in Figure 3B. The plateau of the
signal corresponds to the time that the phototransistor is illuminated. Time was
measured with microsecond precision and recorded with the micro-controller.

Data were collected for thirty minutes evenly divided over six separate trials
to assess repeatability. During these trials, the image resolution was 800 x220,
exposure time was 750 us, and frame rate was 1 kHz. Latency for all the trials
is shown in Figure 3C. Across the six trials, the system most often reacts within
1 ms and 63% of the time reacts within two standard deviations from the peak.
The average reaction time for all six trials was 1.11 ms with a variance of 0.032
ms. The histogram also reveals uncertainty in the system. This variability was
studied by averaging every 1 second worth of data. Shown in Figure 3D are
averaged data for two trials: one trial with little variability and one trial with a lot
of variability. The plot shows that, in either situation, latency consistently varies
by small fluctuations within a narrow band. In the worst case, the fluctuations
range from 1 to 1.4 ms.

Several strategies can be utilized to account for latency variability. The uncer-
tainty can be simply included in the illumination pattern by artificially increasing
the size of detected objects. Light throughput will decrease, but accuracy will
improve. Alternatively, temporal information can be used to predict the loca-
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does not add too much time to the system’s latency. At high frame rates, a
linear model will suffice for most applications. The time to perform processing
tasks was measured, in software, with a high resolution timer (Windows APT).
The average time for processing was 0.3 ms with a standard deviation of 0.04 ms
(Figure 2). The time to send data to the DMD board over USB was measured
for 5 minutes with an average of 0.76 ms and a standard deviation of 0.07 ms.

5 Anti-Glare High Beams

Glare from the headlights, especially high beams, of oncoming vehicles cause sig-
nificant stress and distraction at best and temporary blindness at worst. Trucks
and other vehicles with headlights at high positions are the worst offenders. Al-
though, glare is not often reported as a cause of accidents, hundreds of fatal
night crashes attribute glare as a contributing factor every year [15]. Glare is
especially problematic for the elderly whom take eight times longer to recover
from glare as compared to a 16-year old [13]. Although high beams are a nui-
sance to other drivers, they are beneficial on narrow, curvy, and poorly lit roads,
especially in rural areas where wildlife routinely jumps onto the road.

Anti-glare headlights are currently being deployed by car companies, e.g.,
[21], [22], [23], [24]. The details of their systems are publicly unavailable, but it
is known that these systems utilize multiple LEDs and sensors placed at different
locations in the vehicle, e.g, [10], [9], [2]. Based on this information, it can be
inferred that spatial resolution is limited to the number of LEDs. Camera frame
rates of these headlight systems are limited to 30 - 60 Hz and thus have high
latency [26], [27], [28]. In this section, it will be shown that a high-resolution
SLM with low latency produces the best light throughput.

System Requirements and Comparisons. Computer simnulations were
performed to determine the latency required to maintain high light throughput.
Camera parameters and the position of our prototype on a vehicle were used
in simulations where two vehicles traveled towards each other at 225 kph on
a two-lane, straight road. Detection and prediction were set to be error-free
guaranteeing that only system latency contributed to light throughput. Light
throughput was calculated for latencies of 2, 16, 30, 50, and 100 ms (Figure 4A).
Throughput remains above 90% for all latencies tested when the vehicles are
farther than 20 m apart. The reason for this is the oncoming vehicle is moving
towards the camera and its position in the image has little variation. However,
as the vehicles move closer towards each other, light throughput substantially
decreases with higher latency. It is clear that the system needs a latency of at
least 2 ms to maintain 90% light throughput when the vehicles are close to each
other. The same would be true for vehicles in further lanes or on curved roads.

Computer simulations were conducted to compare the performance LED-
based headlights to DMD-based headlights with the same latency. Since specific
details of LED-based systems are publicly unavailable, several assumptions were
made: (a) LEDs were positioned in a linear array parallel to the road and (b)
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Fig. 4. Results of computer simulations of anti-glare headlights. Detection and pre-
diction are assumed to be perfect and vehicles were traveling towards each other in
adjacent lanes at a relative speed of 225 kph. Left: Light throughput as a function of
distance between vehicles for different system latencies. Right: Light throughput for
DMD- and LED- based anti-glare headlights for different latencies. Simulations show
lower latency and higher resolution results in higher light throughput and accuracy,
which will be even more relevant for curvy, multilane roads with multiple vehicles.

Simulation results are shown in Figure 4B along with those of the DMD-based
system. The low spatial resolution of LED-based systems results in lower light
throughput and also creates flicker (abrupt changes in light throughput) for
the driver. The flicker can be reduced by turning off more LEDs, but with the
trade-off of sacrificing light throughput.

Our Headlight Design as Anti-Glare High Beams. The anti-glare prob-
lem and our solution is illustrated in Figure 5A. Headlights from oncoming ve-
hicles are detected in the captured image. Headlights are detected using the
assumption that they are the brightest objects in the system’s field of view. A
very short exposure (100 ps) time is used and the image is thresholded. False
detections can be reduced by excluding connected components that are too small
to be headlights. Once the locations of the vehicles are known in the camera’s
reference frame, it is transformed to the headlight reference frame and the spatial
light modulator blocks light in that direction. Since the resolution offered by the
SLM is very high, only a small region above the detected headlight overlapping
the oncoming driver’s head is dis-illuminated. This type of beam blocking can
be done for any number of oncoming drivers without significant loss of illumina-
tion. Compared to the system settings used to evaluate latency in Section 4, the
image resolution was increased to 1000x340 to provide the largest field of view
possible resulting in a system latency to 2.5 ms.

Demonstration on the Road. The system was tested on the road at night
with three oncoming vehicles. Figures 5B-D show video frames captured from
inside vehicles driving towards the programmable headlight. In Figure 5B, the
blinding glare as the vehicles near each other is shown. Figure 5C and D show the
benefit of our anti-glare headlight. Clearly, the difference in visibility is significant
allowing drivers to see the road, vehicle, and surroundings. The prototype was
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Fig. 5. A: lllustration for eliminating high beam glare. Vehicles are identified and small
regions around drivers are dis-illuminated while maintaining illumination elsewhere.
Drivers with programmable headlights can then potentially use high beams without
worry. Middle row shows view while driving towards our prototype. B: Glare typically
seen from high beams (anti-glare feature disabled). C: Reduced glare when the anti-
glare feature of our headlight is enabled. D: Anti-glare headlights allow the driver
to better see other vehicles on the road. E: Glare in a rear view mirror caused by a
following vehicle. F: Tail lights are detected to avoid illuminating the rear-view mirror.

Fig. 6. View shown from the perspective of the vehicle equipped with our prototype.
Left: Anti-glare feature is disabled acting as a typical high beam. Middle and Right:
Anti-glare feature is enabled detecting multiple oncoming vehicles and reducing light
only in the direction of each driver. Notice no discernable difference between images.
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The average light throughput was calculated from saved images to be 93.8%
with a standard deviation of 3.3%. In Figure 5F, tail lights were detected to
avoid illuminating the driver’s rear-view mirror and glaring them from behind.
As shown in Figure 6, there is no discernible difference to the driver with the
programmahble headlight when the anti-glare function is enabled. The odd shape
of the light beam is due to the system’s position and the perspective of the
capturing device. Installation in the headlight bay will create a more uniform
shape and the spread of the light beam can be increased with a wide angle lens.

6 Demonstrating System Design Versatility

Thus far, computer simulations and demonstrations have shown that the pro-
posed headlight design is advantageous to current anti-glare headlight designs.
Our headlight can also be programmed to perform other tasks, whereas, other
advanced lighting systems may require additional light sources, sensors, mechan-
ical parts, etc., or are insufficient due to low spatial resolution or high latency.
Here we show several tasks, such as visibility improvement in snowstorms (using
artificial snow) and illuminating roads with better contrast and lane definition
(visual warning of obstacles can be seen at [25]). Also shown is a computational
photography application to examine high-speed events.

6.1 Improving Visibility During Snowstorms

Driving in a snowstorm at night is incredibly difficult and stressful. Snowflakes
are illuminated brightly and distract the driver from observing the entire road.
Researchers in computer vision have proposed methods for removing snow from
videos [17], [18], [19]. Processed videos can be displayed for the driver, but current
implementations are not intuitive and, at times, distracting for the driver. We can
address this problem with a solution similar to that for anti-glare, i.e., reacting
to detected bright objects. The main difference, however, is that the density,
size, and speed of snowflakes requires high-resolution, low-latency illumination
to be effective. Therefore, we exploit the high-resolution and fast illumination
beam control of our prototype to distribute light between falling snowflakes to
reduce backscatter directly in the driver’s visual field (Figure 7). However, this
application is significantly more challenging since (a) the size of snowflakes is very
small compared to an easily detectable vehicle and (b) the quantity of snowflakes
is several orders higher than the number of cars on the road. The goal is to send
as much light as possible from the headlight to sufficiently illuminate the road
for the driver while dis-illuminating snowflakes.

Computer simulations performed in [11] demonstrate that the idea is feasible.
They estimate that, for a vehicle traveling at 30 kph, the system’s latency needs
to be 1.5 ms or less to have high light throughput and accuracy. We demonstrate
improved visibility outside at night with artificial snowflakes. Snowflakes were
detected by performing background subtraction and binary thresholding. To
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Fig. 7. A: Our headlight has unprecedented resolution over space and time so that
beams of light may be sent in between the falling snow. Illustration adapted from [11].
B: Artificial snowflakes brightly illuminated by standard headlight. C: Our system
avoids illuminating snowflakes making them much less visible.

a radius equivalent to that of a snowflake was applied. The visibility improvement
can be seen by comparing Figures 7B and 7C. Even though the snowflakes fall
chaotically, no prediction was required because of the system’s fast speed. For
comparison, the system by [11] (13 ms latency) was demonstrated for rain drops
falling along a straight path and required a linear prediction model.

6.2 Improved Lane Illumination

Sometimes the road is not clearly visible and no amount of illumination from a
standard headlight can assist the driver. A few examples of such situations are
snow covered roads, roads without lane markings or shoulders, and poorly lit
roads. Our prototype can be used to brightly illuminate only the driver’s lane
to provide them with a visual guide. Opposing lanes, curbs, and sidewalks can
be dimly illuminated to create a strong contrast with the driver’s lane and also
provide sufficient illumination to see obstacles (Figure 8A). For this application,
images do not need to be captured or analyzed, and objects do not need to be
tracked. After computing the homography with the road plane, the headlight
acts only as an illumination device. For proof-of-concept, illumination patterns
were pre-determined for the stretch of road where experience were conducted.
In practice, the position and speed of the vehicle will be used to dynamically
determine the illumination patterns required for the road.

In Figure 8B, the driver’s lane and lane markings are fully illuminated, and
the adjacent lane is dimly illuminated. The same contrast is used while driving
on a dark, unmarked road in Figure 8 C. The opposing lane is dimly illuminated
while the driver’s lane remains fully illuminated creating a demarcation line for
the driver to follow. Vehicles driving on the illuminated lane will experience
disorienting illumination patterns because the system is calibrated to illuminate
the road plane. Therefore, the beam can be adjusted where vehicles are detected
in either lane as illustrated in Figure 8D. The adjacent lane can be illuminated
up to the location of an oncoming vehicle while maintaining full illumination of
the driver’s own lane (Figure 8E). Illumination can be controlled in the presence
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Fig. 8. A: Concept of illuminating the driver’s lane with high-intensity light and illumi-
nating the adjacent lane dimly to improve the contrast of the driver’s lane. B: Driver’s
lane more brightly illuminated than the adjacent lane. C: Demonstration while driving
on an unmarked road. D: Concept of adjusting lane illumination based on the pres-
ence of other vehicles. E: Tllumination for the left lane stops at the oncoming driver
to avoid projecting lane patterns on the vehicle. F: Lane illumination stops in front of
the vehicle in the adjacent lane and behind the vehicle in the driver’s lane.

Fig. 9. A tennis ball is thrown into a bowl of ping pong balls causing them to fly
through the air. A digital image was captured with a long exposure (3 seconds) to
observe the trajectory of ping pong balls. Left: Image captured with scene brightly
illuminated. Ball trajectories are not visible against the illuminated wall behind the
scene. Right: Image captured with only the ping pong balls being illuminated. The
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6.3 Observing Events with Computational Photography

Generally speaking, our programmable headlight is a low-latency reactive visual
system with many uses outside of the automotive field. It has the flexibility of
illuminating or dis-illuminating any fast moving object. An interesting applica-
tion is studying the trajectory of fast moving objects or fast events. Typically,
to capture these types of images, an expensive camera is needed and the room
needs to be brightly lit causing a decrease in contrast. Instead, with our system,
only the objects of interest need to be illuminated.

For example, a handful of ping pong balls were placed in a bowl. A tennis
ball was thrown into the bowl causing the ping pong balls to fly through the air.
The ping pong balls were illuminated with infrared LEDs so that they would be
detectable in the dark. To observe the trajectory of the ping pong balls, a long
exposure (3 seconds) image was captured with a camera. The ping pong balls
were detected and immediately illuminated. As shown in Figure 9, the trails are
barely visible when the scene is fully illuminated, but are clearly visible when
our system is used to illuminate just the ping pong balls.

7 Conclusions and Future Work

The automotive headlight should not be a passive device that can only be com-
pletely switched on or off. Tt should be capable of adapting to the environment
to improve safety in poor visibility conditions. Moreover, the design for adaptive
headlights should not be limited to a single task. It should be capable of per-
forming many different tasks to help the driver in multiple road environments.
Our headlight design provides unprecedented light beam control over space and
time. We have demonstrated the flexibility of the headlight for numerous tasks:
allowing drivers to use high beams without glaring any other driver on the road,
allowing drivers to see better in snow, and allowing better illumination of road
lanes, sidewalks and dividers. Our prototype can quickly react to the road envi-
ronment within 1 to 2.5 milliseconds, and, thus does not create any flicker to be
seen by the human eye. Further research and development is needed to make the
prototype compact to fit within actual vehicle headlight compartments. Further
engineering is required to make the system reliable in the presence of vehicular
vibrations and heat. Lastly, more sophisticated algorithms and reliable software
need to be developed before deploying our headlight design.
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DEPARTMENT OF TRANSPORTATION

National Highway Traffic Safety
Adiministration

42 CFR Part 571
[Docket No. NHTSA-2018-0080]
RIN 2127-AL83

Federal Motor Vehicle Safsty
Standards; Lamps, Reflective Devices,
and Associated Equipment

AGENCY: National Highway Traffic

Safety Adroinistrati (m{ N}}’T&A”)
D?partmmﬁ of Transportation {“DOT”).
acTioN: Notice of propesed rulemaking
{NPRM).

SUMMARY: This documeni proposes
amendments to Federal Motor Vehicle
Safety Standard {"FMVSS5”) No. 108;
Lamps, refir*(‘i'i\ e devices, and
associated equipment, to ptum th
certification of adaptive driving be.zm
headlighting systems, if the
raanufacturer chooses o equip vehicies
with these systems. Toyota Motor North
America, Inc. (Toyota) peutmneu
NHTSA for rulemaking to amend
FMVSES No. 108 to permit
raanufacturers the option of equipping
vehicles with adaptivr‘ driving beam
systems. NHTSA has gracted Toyota’s
petition and proposes "o establish
appropriate performance v equirem

to ensure the safe introduction of
adaptive driving beam hmdhﬂh'mg
systems if equipped cn newly
manufactured vehicles,

DATES: You should submit your
coraraents early enough to be received
not {ater than Decembm 11, 2018.
ADDRESSES: You may submit comments
to the docket number identified 0 the
heading of this document by any of the
)ollowmg mesthods:

® ‘ue( eral efiulemaking Portal: Go to

htip:/fwww, regujaim. i8.gov. I R ().1(,w the
online instro i
comments

e Mail: D()(:kei Manageraent Facility:
U.S. Department of Transportation, 1200
New Jersey Avenuve SE, West Boilding
Ground Floor, Room W12-140,
Washington, BC 20580-06001.

» Hand 119} “““ v or Courier: 1200
New lersey Avenue SE, West Building
Ground Floor, Roora W12-140, between
9 a.m. and 3 PO ET, Monday through
Friday, except Federal holidays.

¢ Fox: 202-493-2251

Instraciions: Al subroissions most
include the agency name and docket
number. Nofe: All comments received
will be posted without chaoge to htip.//
www.regulations. g0V, inch dmv any
pers sonal information pr mlde,(l. Please
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ents

see the Privacy Act discussion below.
We will consider ali comments received
before the clese of busingss on the
comment closing date indicated above.
To the extent possible, we will also
consider comments filed after the
closing date.

Docket: For access to the docket to
read hackground documents or
comments received, go to hitp://
www.regilations.gov at any time or to
1200 New Jersey Avenue SE, West
Buil'ii' ng Ground Floor, Roum W12-140,

Jas hh-otun DC 20580, between 9 a.m.

&

hnd 5 p.., Monday mrougn Friday,

except Federal }l()hd. vs. Telephone:
2023669826,

Privacy Act: Aunyone is abile to search
the electronic form of all comments
raceived into any of cur dockets by the
name of the individual submitting the
comunent (or sigaing the comment, if
submitted on behalf of an association,
business, labor union, etc.]. You may
review DU] s complete PI']VE}(‘V Act
Statement in the Federal R?gister
published on April 11, 2000 (Volome
63, Number 70; Pages 19477-78} or yvou
may visit hftp:/fwww.dot.g
privacy.himl.

Confidential Business Information:
vou wish to submit any information
under a claim of confidentiality, you
should submit three copies of your
complete submission, jocludiog the
information you claim to be confidential
basiness information, to the Chief
Counsel, NHTSA, at the address given
under FOR FURTHER INFORMATION
CONTACT. In addition, you should
sub'mt two copleb, from which yvou

have deleied the claimed confidential
business information, to Docket
Management at the address given above.
When yvou send a cornment containin
information claimed to be confidentia
business information, vou should
include a cover letter setting forth the
inforuation specified in our
confidential husiness information
regulation {49 CFR part 512}

FOR FURTHER INFORMATION CONTACT:
Please contact Mr. Markus Price, 202
386-0098 or Mr. John Plazza, Office of
Chief Counsel, Telephone: 202-366—
2992, Facsimile: 202-366-3820. You
may send mail to these officials at: The
Natiooal Highway Traffic Safety
Administration, 1200 New Jersey
Avenue SE, Washington, 13C, 205960.
SUPPLEMENTARY INFORMATION:
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Glare,
Beam

Visibility, and Adaptive Driving
Techunology

This proposal is intended to allow an
advanced type ()fhr‘(nihohimo qut(‘n
referred to as ddap ive driving beam to
he introdoced in the United Siates.
Adaptive driving beam (“ADBR”)
headlamps use advanced technology
that actively modifies the headlamp
beams to provide more illumination
while oot glaring other vehicles. The
requirements proposed today are
intended to amend the existing
regidations to peoait this tec ol logy

nd ensure that it operates saf ely

Vehicle headlaraps must satisfy two

different safety needs: Visibility an
glare prevention. The primary function
of headlamps is to provide forward
visibility. Al the same time, there is a
risk that intense headlamp ilumination
may be directed towards oncoming or
preceding vebicles. Such illvmination,
referred to as glare, can reduce the
ability of other drivers o see and cause
discomfort. Headlighting has therefore
traditionally entailed a rads-off
hetwaen long-distance visihility and
glare. This is retlected in the
requirement that headlamp systems
have both lower and upper beanis. The
existing headlight requirernents regudate
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the beam pattern {photomelbry) of the
upper and lower beams; they ensure
sufficient visibility by speufvmﬂ
minimuom ammonnts of light in certats
areas on and around the road and
prevent glare by specifving maxinmum
amouvots of light 1o divections that
corees p\m‘i to where oncoming and
preceding vehicles wo.dd be.

While the beoefils of improved
visibility and the harmiul effects of glare
are difficuit to « quantify, they are real.
For example, a recent siudy from the
Insurance Institote for Highway Safety
found that pedes rian deaths in dark
condiiinns increasad 56% from 2008 io
20186. The harmbid effects of glarve are
highlighted by the thousands of
consumer complainis NHTSA has
received from the public over the years,
Congressional interest, and the Agency’s
research. NHTSA received more than
5,000 comments in response to a 2001
Request for Commients on glare from
headlamps and other frontal vehicle
laraps. Most of these comments
concerned nighttime glare. In 2005,
Congress directed thﬂ Department of
Transportation lo stus dy the risks of
glare. Int response to these concerns
NHTSA initiated a multip 1(‘(11.,911
research prograro to study the dsks of,
aud possible solutions to, glace.

ADB systems are a0 advancad type of
headlawmp beam switching tec hm,h)
that pmv;d increased 1-mmmhtlon
without increasing glare. Headlamp
beam swiiching syst-)r 18 were first
introduced in the 1950s, and while not
initially widely adopted, have more
mn:enaly become widely offered as
optional equipment. These traditional
beam switching systems switch
automatically from the upper bearn to
the Inwer hesm when meeting other
vehicles. ADB systems improve on this
technology. They otilize advanced
equiprent, inc .udmp seusors (such as
cameras), data processing software, and
headlamp hacdware {(such as shutiers or
LED arrays). AL systeros defect
onconting and preceding vehicles and
automatically adjust the headlamp
heawms to provide less Hght to the
occupied roadway and more light to the
unoccupied roadway.

ADH technnlagy enhances safety in
two ways. First, it provides a variahle,
enhanced lower beam patiers that is
scudpted to teaffic on the road, rather
than just one static lower bsam pattern.
It provides more lumination than
existing lower beams without glaring
other moiorists (if operating correctly).
Second, it ikely will lead to increased
upper beam usage. Ressarch has shown
that most drivers voder-utilize the
upper heams. The effects of this increase
as speeds incresse, because at higher
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8 p(,eds the need for greater sesing
distance increases. ADB technology
{like traditional beam switching
techaclogy) enables the driver to
activate the ADB systewm so that it is
always in use and there is no need to
switch between lower beams and upper
beams. Jo this way, the upper beam will
be more widely used, and used only
when there are no other vehicles
present. For both these reasons, ADB
has the potential to reduce the risk of
crashes by increasing visibility without
increasing glare. In particular, it offers
potentially significant safety benefits in
avoiding collisions with pedestrians,
cyclisis, animals, and roadside okijects.
ADB systems are currently available
in f’)lﬁlo'- markets bul are ot currently
offered on vehicles in the U 1 States.
ADB svstems have been per’mtted {and
regulated) in Europe for several years.
ADR systems are not, howeaver,
currently offered on vehicles in the
United States. NHTSAs lighting
standard, Federal Mator Vehicle Safet ty
Standard {“FMVSEE”} No. 108, has been
viewed as not permitting ADB. In
particular, the current lower beam
photometry requirements do not appest
to allow the enhanced beam that ADB
systems provi'ie In 2013, Toyota
petitionad NHTSA for ndemaking to
amend FMVSES No. 108 to permit the
introduction of ADB. SAE (formerly, the
Society of Autornotive Englneers) in
2016 pubhbhbri a recommended practice
for ADB. And more recently, NHTSA
has received mult ip]“ exsmption
ions for ADB-equipped vehicles.
\]I{]‘ A has granded Toyola’s
rulemaking petition and this proposal is
our action on thal grant.

-\.r
DL

The Proposed Requirements and Test

rocedures

This proposal, if adepted, would
amend the Hghting standard to allow
AYB systems on vebicles in the United
States and ensure that they operate
safely. ADR, Bke oth-“ hr‘ddh mp
technologies, implicates the twin safety

needs of g]d prevention ar nd visibi hty

11115 proposal doses three main things

hat, taken together, are miﬂnd :d to
-iiow ADB systerns and eusure that they
meet these safety needs.

First, it wonld amend FMVSS No. 168
to allow ADB systems. We proposs
amendments to, among other things, the
existing lower heam photo*no Ty
requirernents so that ADB te(hnoi()gy is
permitied.

Second, it proposes regoirements to
ensure that ADR systerus operate safely
and do not giare other motorists. ADB
systems peovide an enhanced lower
beam that provides more illumination
thao the currenily-allowed lower beam.

If ADB systems do not accurately detect
other vehicles on the road and shade
them accordingly, other motorists will
be glared. NHTS sensitive fo

FSA s
concerns about glare due to the
numerous complaints from the public
that it has received, the 2005
Congressicaal mandate, and its own
research. The propesal addresses this
safety need with a combination of
vehicle-level track tests and equipment-
level laboratory testing requirements.
The centerpiece of the propasalis a
vehicle-level track test to evaluate ADRB
performance in recognizing and not
glaring other vebicles. We propose
svalating ADB perforruance in a

1g ¢
variety of different types of interactions
or pwwdmp

with either an oocom ing
vehicle {referred to as a “stimulus”
vehicle because it stimulates a response
from the ADB system). The stimulus
vehicle wmﬂu be equd ipped with seusers
near the driver’s eyes {or rearview
nmiirrors} to measure the illuminance
from the ADB headlights. We propose a
variety of different scenarios that vary
the road geometry {straight or curved);
vehicle speeds {from 0 to 70 mph); and
vehicle oaentation {(whether the
stimulus vehicle is oncoming or
preceding). The ithunination cast on the
sbm-.,,m., vehicle would be measured
and recorded throughout the test run. In
order ta evaluate ADB performance, we
are proposing a set of glare Hirdts. These
are numeric illuminance values that
would be the maximum illuminance the
ADB system would he permitted to cast
on the stimulus vehicle. The proposed
glare limits and test procedures are
based on extensive Agency research and
testing. NHTSA sponsored a study that
developed the glare limits that are the
objective performaance criteria we are
proposing. NHTSA sﬂso ran extensive
track tesis using vehicles eguipped with
ECE-approved ADR systeros (racdified
o pmd uce U.S.-complisnt beams) to
dev e'op the test procedures and
scenarios. The resultiog performaance
requirements aod test procedures are
intended to ensure that an ADB system
is capable of correctly detecting
oncoming and preceding vebicles and
not g"axing them.

1 addition to this track test, we also
pmp()sea a lraited set of equ ipxmzm-vlazvel
laboratory-tested performance
requiremeants to regulaie glare. We
propose to requice that the part of the
adaptive beam that is cast near other
vehicles not exceed the current low
bearn maxima, and the part of the
aciaptme. beam that is cast onto

moccupied roadway not exceed the
current upper beam roaxima. These
would essentially subject the ADB
system to Isboraiory tests of the beam
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similar to whe
i"( vy headlights

Third, it prup()ses a Hmited sef of
equipment-level laboratory-tested
performance rgqairf"nmjs to ensure that
the ADB system provides sufficient
visibility for the driver. The current
headhmp oquu'gn'ontb include
minimum levels of illumination to
ensu ver has a mindmom
level of visibility, We propose that these
existing laboratory photometry tesis be
applied to the ATIB s system o ensure
that the ADB heam pattern, althoogh
dynamically changing, always provides
at least a mininour jevel of light. We
Propose rvq')iri pg that the part of the
adaptive beam that is cast near other
vehicles coraply with the current lower
heawm mdoirma and that the part of the
adaptive beam that is cast onio
unoccupied roadway mmp-" with the
upper beam wmirdma. These mintmum
levels of illuminance are in a direction
such that they do not glare other
roaiorists.

corently required

Hecuiatorv Alternatives Considered:
ECE Requirements and S5AF J3069

NHTSA has considered a number of
alternatives to this proposal. The roain
alternatives are the European
requirements and the SAE
recommended practice for ADB
published in June 2016 (SAE 13069
This proposal incorporates elementis of
these standards, but departs from them
in significant ways.

ECE Requirements

>

o]

The Econoruic Commission
Europe (ECE] has permitied an
regulated ADB under its type approval
framework for several years. The ECE
regulations have a variety of
requirements that bpgcmmll apply to
ADB. Many of these are equipmen
requirements ih;st are not appr(‘pi'iate
for a perfmn ance-oriented FMV5S5. The
ECE requireraents also inclode a
vehicle-level road test on public roads.
]ux, road test inclades a variety of type<
of reads {e.g., rural, wban) and types
intera vehicles. The

ctions with other
performance of the ADB system-——with
respect to both visibility and glare—is
evaluated by the tvpe approval enginese
driving the ADB-equipped vehicle. A
Federal Motor Vehicle Safe oty Standard
i, howevar, statutordly required to be
ohiective. The ECE road test is not
appropriate for adoption as an FMVSES
hecause it does not provide sufficiently
objective perforuance criteria. The
proposad track test scenarios are based,
in part, on the ECE scenarios. The
proposed glare lHmits are the objective
criteria that we propose using to
evaluate the performance of arnt ADB
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system as it is put through these
maneuvers. ln developing the proposal
NHTSA tested several ADB-equipped
vehicles that were type- apy proved to the
ECE requirements W-) believe that these
ADB systems would able to meet the
proposed requirements and test
proceduores.

SAFE [3069

SAE published this recoruruended
practice in June 20186, while NHTSA
was developing this p opos al, bt after
NHTSA had concluded the testing oo
whlch the pmpm'\l i3 based. The SAE
standard is based, in part, oo NHTSA's
testing and research. SAE J3069
includes vehicle-level track testing as
well as equipmﬂn‘-leve] lahoratory
testing cequitements, although they
differ from the propobal in important
wWays.

SAFE 13069 sets out requirements and
test procedures to evaluate ADB
peciormance in recognizing and not
glating other . The major
component of thess is a vehicle-level
irack fesi for glare. Ehe track test uses
glare Bmits similar to {(and based on) the
ones developed by NHTSA. The track

veh

test, however, differs s-p.,n ficantly from
the proposed track test. The SAE test

does 1ot use actual vehicles to stimulate
the ADB systei, but instead uses test
fixtures fitted with larmps that are
intended to simulate oncoming and
preceding vehicles. It also bpet‘nws a
much smaller range of scenados (for
example, it only tests on straight
roadway, not curves) and measures ADB
iHuminance only at 2 small nomber of
specified distance intervals.

To test for glare SAE J3089 also
includes, in addition to this track test,
an equipment-level laboratory test
raquirement that the part of the adaptive
beam directed towards an encoming or
preceding vehicle not exceed ihe lawer
bean: photometric maxima. We propose
a reguirement very similac to this, but
we also prapose to require that the part
of the adaptive beam directed towards
vnoccupied toadway not excead the
current upper beam maxima. Although
this i3 not inchuded i the SAE
Stdﬂdd‘"d we helieve itis important to
maintain the upper beam maxima
because they too play a role in glare
prevention.

To test for adequate visibility, SAE
13069 includes an equipment-level
laboratory test requirement that the part

of the adaptive beam directed towards

unoccupisd readway comply with the
lowvr beam rainiraa. The proposed
-‘equlrememb are more stringent. They
would require that this part of the
adaptive heam comply with the current
upper bearn miinima, not the fower beam

rainiroa. We believe this additional light
is important. ” Fhe proposal wounld also
require that the part of the addpt-"
beam directed towards an oncoming o
praceding vehicle meet the carent
lower bedm minima. We helieve this
minimum level of illumination will
ensure a roinimum level of visibility {¢
explained above, we would alse sab;e
the dimmed portion of the adaptive
bea'n to the tower beam maxima o
ensure that the level of light is not 50
hig as to glare other mmﬂnb{s}

$hy
ci

H. E'}sa(:kgrmmd and Safety Nead

This propasal is totended to faciiitaie
the intreduction of an advanced
headlighting mchnalo'rv referred to as
adaptive driving beam {"ADB”} into
vehicles sold in the United Stales. ADB
technolegy is an advanced type of
semiautomatic headlamp beam
gwitching technelogy. More
rudimentary beam switching technology
was first introduced in the 1950s and
was Hodted siraply to switching
between upper and lower beams.
Adaptive driving beam technology is
more advanced. It uses advanced
sensors and computing techuology that
more accurately and precisely detect the
presence and locaion of other vehicles
and shape the headlam p bearas to
pmvide enhanced illamination of

n occupiﬂl portions of the road and
(wmd glaring other vehicles.

This pr opuqal would amend the
Federal safety standard for Hghting to
permit the certification of this advanced
technology and specify performaonce
requirements and compliance test

rocedures for these optional systems.
The proposed requirements are
intended to ensure that ADB systems
operate safely by providing z-dequ:-te
visibﬂity while not glaring oncoming or
ceding vehicles. To understand what
thv new technology i(,os and the
proposed regulatory adjustments, it will
be helpfal first to provide some
hackground on headlamp technology
and NHTSA’s headlamp regulations.

The Twin Safely Needs rif Giare
Prevention and Visibility

Vehicle headlamps must satisy two
different salety needs: Visibilily and
glare preventinn. Headlamps provide
forward visibility (e.nd also work in
conjunction wi th parking lamps on
passenger cars and other narrow
vehicles to provide conspicaily). They
'\lco have the potential to glare other
rotorists and road users. For this
reason, headlighting systems include a
lower beam and an upper beam. Lower
beams (also referred {o as passing beams
or dipped beams} illuminate the road
and s environs clese ahead of the
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vehicle and are infended for use during
low speed driving or when meeting or
closely f@iiowi:lg another vehicle.
Upper bearas (also referred to as high
beams, main beams, or driving beams}
are intended priraacily for distance

] 3 =z - P
Humination and for use when not

meeting or closely following another
vehicle. The lower heam pattern is
designed to produce relatively high
levels of light only in the close-in
forward visibility region; the upper
beans is designed o prodoce high ligh
levels in close-in and longer distance

regions. Thus, headlightiog has
traditionally entailed a trade-off
between forward longer-distance
visibility for the driver and glare to
other road users.

Overhead Sign Visi

bility

Potential

Potential Glare

Figure 1.

Regions where one’s own headlamps are likely to contribute to visibility and to glare to oncoming

Visibility and glare are both celated to
motor vehicle safety. Visibility has an
obvious, induitive welation to safety: The
better a driver can see the road, the
better he or she can react to road
conditions and obstacles and aveid
crashes. Although the q.lahht-"
conneciion to sal oiv 18 intuitive,
qudnfﬁvmﬁ the effect of visibility on
ceash risk is difficolt because of many
confounding factors {(for example, was
the Iate-rdght crash because of
diminished msmlhty or driver fatigueT}.
Glare, again intuitively, is ]EE;E-’L%‘d to
safety because it dr‘grddes a driver’s
ability to see the forward roadway and
any unexpected obstacles, Glare is a
sensaiion caused by bright lght i ao
observer’s field of view. It reduces the
ability to see and/or causes discomiort.
Headlamp glare is the reduction in
V’si")il’ty‘ and discomfort caused by
viewing headlamps of oncoming or
trailing vehlues {via the rearview or
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drivers.

side mirrors).t Empicical evidence
suggests that headlarnp glarve deg
important aspects of driving
perfm mance, such as decreasing the
distance al which an object in or gear
the roadway can be seen, increasing
driver reaction times, and reducin
probability a driver will detect an
object.? It is difficult, however, to
gquantify the effect of glare on crash risk.

des

g
il
o the
ng the

avvl\hgh' tiwme Glare and Dﬁving
5, . 1L (2

Departiment of Transporta tion
N

Report to Congress™].

22007 Report to Congress, ”i iv, 31~14. See alse,
6.4, IOhn 3. Bullough et ¢ i Investigation
e 3 and Size,

5. Department
,7 Traffic Safety
jon of

t always the

s visual

e that hpan

perto itions relative to
the level of performance achievable without

glara.”).

Unlike drug or alcobol use, there is
usually no way to dei*ex‘mi ne precisely
the amound of p.,hro esent 1o a crash.
Nevertheless, some }.unce crash reports
mention glare as a potential cause, and
it is reasonable to expect that reductions
in visthility caused by headlamp glare
increase crash risk. Discowmfort might
also indirsctly affect crash cisk; for
example, if a driver reacts to glare by
changing her direction of gaze.* In
addition to influencing safety,
discomfort caused by glare may induce
sorae drivers, particularly older deivers,

2 john D. Bullough ef of. 2008. Nighttime Glare
and Driving Performance: Research Find Dor
HS 811 043. Washington, DC: U.8. I)cnaﬂmvm of
Transportation, National u]ghwa affic Safety
Adm'im'sfram 1, p. 4.

3. stigation of Headlamp
J 4“\76137 few studies have probed the
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to avoid driving at night or simply
inerease annoy an- @5

The potential problems associated
with glare are L.A;_,h]whi ed by the
thousands of complaints NHTSA has
rpceived from the publiﬁ on the issus.

The infroduction of balogen headlamp
tecn i ogy in the late 19703 and high-
intensity discharge and auxxhal v

hea dldmp‘ in the 19995 wi
accompanied by a mhrl‘md upswing in
the number of glare complaints to
NHTSA. In response to increased
consumer complaints ahout glare in the
late 1990s, NHTSA pubhshe(l a Request
for Comuments in 2001 on issues related
to glare from headlamps, fo lampa,
driviog lamps, and auxilia

headlampc & NHTSA received more
than 5,600 comments, most of which
concerned nighttime glare from front-
mounted lamps.”

This proposal is intended to enable
the adoption of ADB and help ensure
that ADB systems meet these twin safety
needs of glare prevention and visibility.

Headlomp Pholometric Bequiremenis

NHTSA is authaorized to issue FMVSS
that set perforraance requirements for
new motor vehicles and new items of
motor vebicle equipment. Each FMVSS
specifies performance requirements and
test procedures the Ageocy will use 1o
conduct compliance testing to confirm
performance requirements are met.
Motor vehicle and equipment
manufacturers are required to seli-
certify that their products conform to ali
applicahle FMVSS. FMVSS No. 108
specifies performance and equipment
requirements for vebicle lghting,
including headlamps. The standard
requires, among other things, tha
vehicles be equipped with lower and
upper beams as wﬂl as a means for
switching between the two. Three
aspects of these quuemedts are

spe(‘milv relevand to this proposal.

First, the standard seis out
requirements for the beam performance
{beam pattern) of the lower and upper
beam. These requirernents, referced o as
phatoruetric requirements, consist of
sets of test points and correspond*’ng
criterion values. Hach test point is
defined with respect to an angular
coordinate system refative to the
headlamp. {As discussed in more detail
below, these requirementis are for an
individual headlarop, not for an eutire
headlighting system as installed on a
wbu)le Y For each test p()mi, the
standard specifies the minimum amoun
of photametric intensity the headlamp

32007 Report to Congress, p. iv.
SRR FR 48584 (Sept. 28, 2001}
769 PR 54255 (Sept. 8, 2004},
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musi pr(wide in the direction of that test
point or the maximum level of intensity
the headlamp may provide toward the
test poind, or both. There are different
photometric requirements for lower
beams and upper beams.?
Different test poinds regulate different
aspects of headlamp performance. With
reapect to the lower bsam, some test
poinis ensure the beam is p"()vidir‘g
enough visibility of the rocadway; other
test points ensure the beam does not
glare oocoming or precediog drivers;
and other test poinis ensure there is
illumination of overhead signs. The
upper bearn photorelric test poinds
primarily {hut not exclusively} consist
of minima, and ensure sufficient lght is
cast far down the road. The lower bearn
test poinds consist of both minima and
maxima, resulting in a beam pattern
providing roore tluminaiioo o the right
of the vehicle centerline and less
illumination to the left side of the
vehicle centerline and muoch less hg'i
obovp the horizon (roughly in the are
of the beam patiern an oncoming
vehicle would be exposed to). The lower
hieam test poinis controlling the amount
of Hght cast on ather vebiclos are test
points regulating glare. This rulemaking
is relaied to and based on the current
lower and upper beam ph@tnmctric test
points, especially the lower beara
photometric test points imiting glare to
encoming and preceding drivers.
Second, the photometric
requirements, and the requirements in
FMVSS No. 108 generally, are
requirements for equipment, not for
vehicles. There are two basic types of
Federal Motor Vehicle Safety Standards:
Thoese establishing minimum
performance levels for raotor vehicles,
and those establishing levels for
individual ifems of motor vebicle
equipment. An example of the former is
Standard No. 208, Occupant Crash
Protection. That standard reguires that
vehicles be equipped with specific
cccupant protection equipneent {such as
seat belis or air hags} and certified as
being able to pass specified whole-
vehicle tests {such as a frontal crash
tost). FMVSS No. 108, on the other
hand, is largely an equipment standard.

i

Tt usses a two-step process to regulate
vehicle Hghting. Tt requires vehicle

hghtmg equipment he manuiactured to
corforra to its requirements (such as the
headlamp photometry requirements),
whether used as original or replacement
equipraent. These roqui"ﬂ*u*n&; are, for
the most part, A-Adf‘pcndont of the
vehicle; they regulate lamps as

&The upper beam photometric requitements ave
set out in Table XVILL awer beam photometric
reciivements ave set out in Table XIX.

individuai components, not 8s iostailed
on a vehicle. It also requires lamps be
place d vithin designated bounds on a
motor vehicle. Thus, except for the type,
nuniber, activation, and location of
lighting, FMVSS No. 108 primariy
regulates lighting as equipment
independent of the vehicle. The
proposed glare Bmits and vehicle-level
track test to evaluate ADB performance
in recngrizing and not glaring cucorning
and preceding vehicles differ from the
existing photornetry requirements
becanse they are vehicle- ieve:-ﬂlnt

equi pmei)t—mvel—requnements.

Third, compliance testing for
conformance to the current photometry
requirements is, for the muost part,
conducted in a ]dbk}] atory. Photometry
testing is perforraed voder sidcetly
conirolled conditions in a darkened
laboratory using highly sccurate light
rueasurement sensors. The headlamp
being tested is placed in a ape(‘lahzed
fixture, and the light seusor is used to
measure the amount of light at each of
the photometric test points to delermine
whether the hbﬁdld’llp com piigs With
thp photometric requirement{s) for th

test point. The proposed vehi e 1->v-'>1
track tesi to evaluate ADB pelfﬂxmame
differs from this ieaditional esiing
hecause it is track-based, not laboratory-
based.

Regulatory History and Research Efforts
Related to Glare

FMVSS No. 108 has included
photoraetry f'“quiremr‘nt'; s'mcn the
inception of the standard in 1967. The
standard ioitially adopted 5 ‘Xh o

hotometry reqmromgnta 16 Since then,
NHTSA has made some adjustments o
the photoruetry f'equiremr—‘nt*‘ For
9xamplp the requirements were

mended o peroi it brighter upper

b(,dIHS 1t and to include photometric test
paints for overhead reicoreflecitive
signs.’? In addition, in the mid and late
1980s, NHTSA began to explore the
possihility of o mluno FMVSS5 No. 108
more of a vehicle st dlldd‘"d 3 INHTSA
began developing vehicle-level
hmdla‘np photometric specifications
based on the geometry of roadways, an

malysis of ceash data, and the driver’s
dbmtJ to see.’ The Agency then issued
an NPRM to arnend the beadlamp

International). bf\n is an ur”an}zanon ‘hat dovclops
technical standards based on best practices.

2 See 54 FR 20066 (Ma‘/ g, 1889} {
history of photometric reqmrcwlunts}

{explaining

5} {Request for

&7} (Request for
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requiremeants to make thern mere
performance-ariented.?5 That
rulemaking was terminated several
years later because the {echnical
complexities proved too difficult to
surmount at that time.

NHTSA has also, at various times,
taken bt&pb to address problems and
consumer mmpiain* s related to glare.1s
It the 1970s, NHTSA began research in
response to consumer suggestions that
vehicles should have a lower-intensity
third bearn for driviog jo well-lit areas.
In the 19903, NHTSA issued a final rule
to address :198&131‘1“}" nisaim, which is
an importand factor in the cavse of
glare.?” In 2601, NHTSA published a
Requsst for Commentis concerning
issues related to glare from hs,udhmps,
fog lamps, dmvmg larops, and aoxiliary
headhmpc 18 We chserved that

“guxiliary lamps are now becoming a

source of cornplaint for glare. Gfien
described as another set of headlamps,

sometimes mounted lower, the public
reports that these lamps seem to be vsed
all the time at night. This documented
misuse of fog lamps in particalar helps
substantiate the complaints that NHTSA
has been receiving. NMHTSA has received
complaints about fog lamp use for a
while, but never so many as recently.”” 19
NHTSA received more than 3,000
comments in re sponse to the 2001
natice, most of which expressed
concerns about glare, In 2005 Congress
directed the Depaxtmcnt of
Transportation to conduct a study of the
risks associated with glare to oncoming
vehicles.?® NHTSA also issued a va iriety
of interpretation letters concerning the
permissibility of various frountal ]iobtx ng
concepts. Generally, NHTSA allowed
low-illuminance supplementary frontal
lighting such as fog lamps, but found, in
at least some instances, that higher-
power frontal lamps were not permitted.
These -m_erg)reiaiioﬂs are discussed in
detail in Section VI below which sets
out NHTSA’s tentative interpretation of
how FMVSS No. 108 applies to ADEB.

In response to the many complaints
frara the public about glare and the
Congressiconal mandate to study the
risks of glare, NHTSA initiated a
multipronged research program to
examine the reasons for the complaints
as well as ps)ss;{\]( salutions. This effort
culminated in several detailed Agency
reports. For example, to better

1554 FR 20684 (May 9, 1939).

18 See generally 66 FR 495943, 49596 {Sept. 28,
2001}

17 62, FR 10710 {(Mar. 10

1855 FR 48584,

W58 FR 49607,

20 tm{e, Accountable, Flexible, Fifi
Transportation Equity Act: A Legacy §

Public Law 109-5%, Sec. 2015 {2005).
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,1997).

fent

Isers,

understand the complainis, NHTSA
conducted a survey oi U.8. drivers.2t
The results shawed that while, fora
mwajority of respondents {sbout 84%)
glare was “‘noticeabls but acceptable,’
sizeable mumber of davers {about 30%)
rated glare as “disturbing.” In 2003
NHTSA published z request for
cormments to learm wore about advanced
headlighting systems that can actively
change the inteusity and doration of
headlamp llamination {these systems
were precursors of ADB technelogy) to
evaluate whether such systems would
~ontribute to glare.22 In 2007, NHTSA
subrifted a rf‘pmﬂ on glare o
Congress.?3 In addition . NHTS/
conducted roultiple studies, using field
measurements, laboratory tests,
computer analyses, and vehicle tests to
examtine the effects of different

headlamyp factors on driver
performance. 24

After these efforts concluded, NHTSA
has continued in recend years to siudy
the possibilities offered by advanced
frontal lighting, )nﬁhmmg its potential
o reduce glare. Two tecent N}}’T&A
sarch studies forn: the basis for this
pmpos(ii. In 2012, the Agency pub= ished
a study {“Feasibility \mdv 7} 25
exploring the feasibility of
approaches to regulating vehicle
110 iting per formance, including

headlarap photometry. Among other
ings, t the study presented vehicle-
basod headiarnp p‘f'o‘mm)try‘
requirements derived from the current
requirements in Tables VI {upper
bearm) and XIX {Iower heam). This
included vehicle-based photometry
requirements {0 ensure thai other
vehicles are not glared. NHTSA built on
s effort by developing a vehicle-level
ck test to -wzﬂuz:i e whether an ADB
systemn compliss with the derived
photor netry mqkmﬁ’fwnm for glare
prevention (“ADB Test Report”} his
ressarch was necessary because, among

G

]

new

i
ihi
s

iri

23 Perel & Singh. 2004. Drivers’ Perceptic
Headlawmp Glave from Ouncoming and Following

cles, BOT HS 808 668, Washington, DC:
Mational Highway Traffic Safety Administration.
2268 FR 7101 {Feb. 12, 2003}, 70 FR 40973 {July
15, 20058) (withdrawn)
23 See supra, note

24 See generally Summary of Headlamp Research
at NHTS &, DOoT "1\ 811 008, S"asbmgtun D

Yighway Traffic Safety Administration

5Michael ]. Flannagan & John M. Sulli 2011,
ity of New Approaches for the Regulation of
Acle L}g-’;r’ug Performance. Washington,
onal 1A1ghw ay Traffi
also 77 F
wme

R 40843 {July 11,
on the report}.
5.1 Scott Baldwin, Ad

b. 2015. Adsptive Driving
1) L:ldr" \qxpcsmem noT
ational ITighway

other things, the coreent photometry

requirements are equipment- -hased
requiremeants thal invoelve laboratory

testing, not vehicle-based reguirements

fested on a track. Both of these research
efforts are discussed in more detail in

Section IV helow.

Adaptive Driving Beam Technology,
Toyota Petition for Bulemaking, and
SAE Jao

The last several years have seen the
development of ADB headlamaps in
other parts of the world, including
Europe. Adaptive driviag bearo is a
“long-range forward visibility light
beam| ] that z:dapi* s to the presence of
opposing and preceding vehicles by
rendifying porticus of the projected light
in order to reduce glare to the drivers/
riders of opposing and p ]E’(‘“(l.uﬂ,
vehicles.” 27 It therefore has the
potential to im Aprove loug-range
visibility for the driver w ithout glaring
other road users.

ADB g 5y3 stems utilize advanced
equipment, including sensors {such as
cameras}, data processing software, and
headlamp hardware (s;mh as shutters or
LED arrays). ADB systerus detect and
identify illumination from the
headlamps of oncoming vehicles and
the t'\iihmps of preceding vehicies. The
gystern uses this inforreation to
avtomatically s djusi the beadlamp
beams to provide less lighi to areas of
the roadway ccenpied by other vehiclas
and more lght to unobcupka portions
of the road. ADDB systems typicaily use
the existing front hmdla‘nps with
modifications that either mlpie:neht a
reachanical shade rotating in front of the
headlamp beam to block part of the
beam, or Mth-p.,u ish individual LEDs in
headlamps using arrays of light source
systems {e.g., .JE*D raatrix systerns). The
portion of the beam directed to portions
of the roadway cccupied by other
vehicles is at or even below levels of a
traditional lower beam.?® The portion of
the beam directed at unoccupied
portions of the road is typically
equivalent to existing upper beams. The
ADB systems NHTSA tested roquired
that the driver manually select ADB
mode using the headlighting system
control and were designed to activate
onldy at speeds above typical city driving
spaeds (ab(,m 20 mph).

e

ADB systems may be viewed as an
advanced type of semiautomatic
headlamyp beam swiiching device
{which is explicitly p-)‘*mﬁt-)(i as s
compliance option in FMVSS No

28 SAF J306GTUN 2016, pp. 1-2
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108 "”} Semdastomatic beam switchiong
was first introduced in vebicles in the
1950s, and while not initially widelv
adopied, in recent years it has become
widely offered as optional “qmp.mm
Traditional semiauntomatic bea
switching headlamyps switch
antomatically from vpper beam to lower
beam when meeting other vehicles.
Ui like ADRE, hﬂw?vm traditional
misutomatic bearn switchiog
headlamps are not able to vary the lower
beam pattern to it the traffic on the
raad; they are ondy able to produce a
single lower heam pattern.

ADB -och**()logy erthances salsty in
wo ways. First, it provides a variable,
enhanced lower heam pattern that is

's‘r'ulp‘ed io traffic an the road, rather
than just the one static lower beam
pd'to:n It is thus able to provide more
iilumination than existing lower beams.

And it does this, f operating correcily,

without glaring other motorists. Second,
it likely will lead to increased,
appropdiate, upper beam usage {in
situations where other vehicles will not
be glared). Research has shown that
most drivers noder-udilize the upper
beams. “[Alhuodant evidence suggests
that most drivers use lower beams
primarily, 1fﬂui exduswely 30
Unfortunately, “driving with lower-
beam ueadlamps can result in
insufficient visibility for a number of
driving sitvations,” 3t paricudarly at
higher speeds, because at higher speeds
the need for grealer seeing distance
increases.32 ADB {ec hm)lﬂ;"f {Like
traditional beam switching technoelogy)
eniables the driver to activate the ADB
systern so that it is adways in use,
ohviating the need to switch between
lower and upper beams. In this way, the
upper beam will be maore widely used,
and used ounly when there are no other
vehicles present. For both these reasons,
ADB has the poteniial to reduce the risk
of crashes hy increasiog visibility
without increasing gial e. Although

59.4.1.
B IOLn . HvJJoa h, Nichot

Ak , & John Van Derlofs

of Safsty D:daf‘d Afjvdm f-fi

5 P. Skinne
008. Inv
u\wam Lwhr‘

\ ukw

1

tion, ;_L 83, See als A(uy I ynr-
Flannagan & Scolt 1. 8 Hogard.

e of High-Beam } I(’ad]amps,
UMTR '—200(7—1 1. University of Michigan,
vansportation Research Instiwte, p. 6 ({inding that
“high-beam headlamp use is low . . . consistent
with previcus studies that usad different
wmethods”).

* favestigation of Safety-Based Advanced
Forward-Lighting Concepts to Reduce Glare, DOT
S 811 033, .

52 M
]"rebm

lannagan & John M. Suliivan.
ent o{ The Potential Benefli
RI-2 :

Institute, p
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solaling the effect of visibility on
n g.t;bﬁ irne crash risk is difficult because
of many confounding faciors, there is
evidence suggesting diminished
visthility likely increases the tisk of
crashes, particularly the risk of
pedestriao a1 rashes at higher speeds, as
we] I as crashes invelving animals,
trains, and Pnrk(’d cars. 3

ADB was first permitted in |
an amgndmf‘nf to R48 and R123 c,f the
Emnomn Commission for Europe
(“ECE”}. Since then vehicle
AN ufzc urers have pmvxdr‘d ADB
systems in select vehicle lines sold in
Forope. For instance, the 2617
Volkswagen Passal was available in
Europe equipped with an ADB system.
Aundi has besn instaling ADB ona
variety of Audi mmadels and has sold (as
of the end of 2018} approximately

123,000 vehicles with ADB across 55
different markets cutside the United
States.?4 Additional world regions
adopting ECE regulations also permit
ALB,

ECE H ghtm-f reg;: nirements permit
adaplive driving beam systems under
the wubrella of adaptive front ligh
systems, including lighting devices
type-approved according to ECE R123.
These systems provide bearas with
jiffering characteristics for automatic
adaplabion to varying conditions of use
of dipped-beam {lower beam) and if it
applies, the main-heam {upper beam).
ECE installation requirements for ADB
systemns take advantage of the type-
approval framework used throughout
ECE standards to test whole vehicles
within teaffi rify px,r*( rraance. The

furo pe by

S

fing

2 10 verly
system is evaluated subjectively through
ohservations made by {he type- appmval
technician during a test drive consisting

of various driving situaticus.

The automotive indusicy has also
recently developed a recommended
practice for ADB technology. In June
2016, SAE adopted SAE })Dﬁ" 3 FUN206186,
Surface

e Vehicle Recommended Practice;

eport to Congress, p. 6. A recent ~tudy
by lhf‘ Tnsurance Institure fov Highway Sdf(—f'
that “[t}wenty-nine percent of dL fatalities nju“nn

2014 ocowrred in the ¢ it voads. Although
factors such as alcohol impaivs
uted to many of these crashes, poor visihility
also played & role.” Tan J. Reagan, Matthew
¥ nndgan 2 ) 16. The

oad way (vaatmg on High bnam Heodlamn Us(
Rates Lhmam‘e Im.brme {m th Hy Se ~n pp

p. 5 ¢ ‘"“119 conc bwon of our analysis was that
peo‘.emuan crashes werve by far ’he wmost prevalent
type of crash that could in principle be addressed
by headlighting.”). See Appendix A for an analysis
that roughly estimates the target population that
could benefit from ADB technnlogy.
Thomas Zorn, Volkswagen Group

Mark Rosekind, Administrator,

- ition for Temporary Exemption from
'\JVSS 108 {October 10, 2016}, pp. 1, 7.

‘Xdﬂ stive Diriving Beam ("SAE J30657)
The QE.arJdaEd which is based, in part,
on NHTSA’s Feasibility Study, specifies
a track test fo evaluate the performance

of ADR, as well as a variety of other
reguirements.

Although ADR has been deployed in
Europe on a limited basis, it has not yet
been depl@"ed in the United States.
This is Targely because of industry
uncertainty about whether FMVSS No.
108 allows ADB systerns.®® NHTSA has
ool undtl this NPRM, issued an
interpretation of whether and hﬂw
FMVSS No. 108 applies to ADB. Ir
2013, Toyola petiboned NHTSA f(
ru‘iernalxmg to amend FMVSS No. 108 to
permit manufacturers the option of
equipping vebicles with ADH systems.39
In its petition, Toyota described how its
systemn works, identified the potential
safety benefits of the systers, and
discussed s view of how ADB should
he treated under the Agency’s
regulations. In this NPRM, NHTSA sets
out its terdative interpretation that the
existing FMVSS No. 108 prnhlbl s ADB,
while, at the same time, granting an d
acting on Toyola’s pelition to amen il the
standard to allow for this technoelogy
and ensure that it meets the safety needs
of glare prevention and visibil

M1, ECE ADB Regulations

ECE regulations allow AIB systems
under the umbrella of adaptive front
lighting systems ("AFS”} under
Regulation 48.37 There are a variety of
requiremenits for AFS generally and
adaptive lighting in particular. Unlike
the FMVS 8, Nhnh ely on roanulacturer
self-certification, ECE requirernents for
ADRB systems utilize the type approval
frarnework used throughout the ECE
standards. Under the type appraval
framework, production samples of new
raodel cars musi be approved by
regulators before heing offered for sale.
This approval is based, in part, on
testing whole vehicles on public
readways to verify performance. The
ECE requirements specify that the
adaptation of the main-beam not cause
anty discomiort, distraction or glare to
the driver of the ADB- mu)pped vehicle
or to oncoraing and preceding vehicles.
This is demonsirated through the
techrical secvice performing a test drive

SAE [3069 {“However, in the United
ar how ADE would be treated
under the current Federal Motor Vehicle Safety
Standard {FMVSS} 108
er from Tom Strick
, Inc. to David St
; Reuulab on 43 def
ype-approved according to 1
pl o] dmo beams with dif

d

applies, the moln bfam {dviving- b dr“}
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on various types of roads {e.g., wrbas drivers. These test points correspond to could glare the driver of the stimulos
multi-lane mdda and country mad_ where an cucoming or preceding vehicla—ior ‘x(\mplo on au outside rear

a vari?t‘« of speeds, and in a \7ﬁriei:y of
spec iheu traffic conditions.®® The
permrman ce of the ADB system is
evaluated hased on the subjective
observations of the type appmml
engineer during this test drive.

IV. NHTSA Research Related to ADB

There are two components to
NHTSA’s ADB-related v
2012 Feasibilily Stody and the 2015
ADB Test report. This research develops
objective criteria and test procedures to
evaluate whether an ADB system glares
opcoming or precediog vehicles.

The Feaelb ity ’stddy derives vel
based photoruetric requirements {o
contrel] glare from the current
equipment-based photometric test
paints in FMVSS No. 108, As explained
above, the existing lower-beam
photometry requirements regulate glare
by specifviog the rasximuum inteosity of
L.L;bt permitted al certain specified
portions of the lower beam that are
directed towards oncoming or preceding
vehicles. These regoirements are set out
in Table XIX of FMVSS No. 108. Four
of these fest poinis s regudale headlamp
glare.®¢ Twn of these test points
correspond to locations of encoming
vehicles {i.s., to the left of the lamp and
sHghtly above horizontal},*¢ and two
correspond to glare to pxr\(f‘div‘g
vehicles (i.e . to the right of the lamp
and shighily above horizont al}.31 Table
XIX specifies the maximum intensity of
light that may be emitted in these
direcBons b() for example, a lower
beam may not provide raore than 1,000
candela* {cd) at 0.5 degrees up, and 1.5
degrees to the left. These photoraetric
requirements are for an individual
headlamp (as a piece of equipment, and
tested in a laboratoey), not for a
headlighting system as installed ou &
vehicle.

The Feasibility Study teanslates these
equipment requirements into vehicle-
based photometric requirements for an
entire headlighting svstem hy
translating them into three-dimensional
space around a vehicle {picture a cioud
of poinds in froot of the vehicle}. [
derives groups of test points to conir
glare to onicoming and preceding

iicle-

=

headlamp glarr_ thm roflects off of, say, the noad
surfacel.

4013, 1.55 to L {700 cd maximum}; 0.5U, 1.50.10
L {1,080 cd maximum)

411 530, iR to R {1,400 cd maximum); 0.51, 1R
to 3R (2,700 od maximum].

42(; avdnld is a unit of measwrement of laminous
a measure of the amount of
bo-;' coming from 8 source per unit sclid angle.
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vehicle would be on the road in relation
to the vehicle. For each ot these points
there is a maxisum illumdoasce 43
level—a level of -Aght that should not be
exceaded. The maximum aliowed
iluminance level depends on how far in
front of the vehicle the test point is.
That is, the Feasibility Study derives the
maximun amount of Hght that should
be directed toward an oncoming or
prﬂ(‘edmg vehicle, based on how far the
oncorn ing or preceding vehicles is from
the ADB- oqmpped vehicle {“derived
A?iare Hmits”). Additional details on this
derivaiion can be found ia the
Feagibility Study.

NHTSA conducted testing and
rasearch to develop an objective and
repeatable performance t&bt to evaluate

whether an ADB system exceeds the
derived glare Hrnits. The testing was
based on the ECE R48 test drive

scenarios and the derived glare limits.

We evaluated and refined a range of
test track scenarios based on the ECE
test drive specifications. These iﬂc"‘ud?d
a variety of ty Vpes of madway genmetry
{e.g., curved, straight, win dmg}q and
maneuver scenarcios (e.g., encountering
an ancoming vehicle, or passing a
preceding vehicle). We ran the tests on
a closed test track with theee types of

“stimulus” vehicles {the vehicle that
was used to interact with the ADB-
equipped vehicle and stimulate the
adaptive driving beamg: A large
stimulus vehicle, a small stimulus
vehicle, and a motorcycle. Scenarios
varied the speed of both the ADB-
equipped vehicle and the stimulus

1 nary to 67

vehicle (anywhers from statio
myph).
We also developed methods and
procedotes 1o objectively assess ADB
systom performance on these test track
drives. As noted above, ADB
performance on the ECE test drive is
evaluated based on the subjective
observations of the type approval
enginesr. NHTSA's statute requires,
however, that an FMVSS be objective,
To objectively measure the amount of
light cast on oncoming and preceding
vehicles by the ADB-equipped vehicle,
the stimuolus vehicle was equipped with
photometers 4t mounted at locations
vh( re light from the ADB headlamps

e

3 THuminance is the amount of light falling on a
surface. The unit of measursment for lluiminance
is lux. Lux is a unit measuremenn Of Jnummam e

direction pe
intensity in candela can be converted to 8 lux
equivalent, given 4 specified distance.

24 A phot . or illuminance meter, is an
instrament that measures lght.

view mirror, or in front of the
windshield near the driver’s eyes.
ADB-aquipped vehicle and one or more
of the stimulus vehicles were then run
through the various driving scenarios on
"1()%-‘1 courses ab a vehicle testing

cility. During these test runs
Lilmm:lam‘e data from the photometers
was recorded as was position data i(h
vehicles. A variety of adjustments we
made to the illumainancs and }.us&mn
data {for example, the recorded
illuminance values were adjusted to
account for ambient light].

To evaluate the performance of th
ADB system, NIHTSA used siraplified
versions of the derived glare Hmits
reporied o the Feasibility Study. This
resulted in two sets of glare imits: One
set for glare to oncoming vehicles and
one set for glare to preceding vehicles.
The glare limits are specified with
respect to the distance between the
ADB-equipped vehicle and sither the
oncoming or preceding stimulus vehicle
{see Table 1 and Table 2}. The speufmd
glare Himit is the maxirawn amouvot of
light that may be cast on an encoming
or preceding vehicle within that
distance interval. The recorded
huminance values were compared with
the derived glare limit corresponding to
the distance at which the Uhuminance
value was recorded. If the recorded
illuminance value exceeded the derived
glare limit, this was considered a test
failure.

45 The

e

TABLE 1—LIMITS FOR (GLARE TO
ONCOMING VEHICLES

hMaximum
Hluminance
{lux}

Range from headiamp fo
ghotometer
{m)

15.0-29.9

30.0-50.9 ..

80.0-119.9 .
120.0-238.8

OO
L Gy 20 -+

TABLE 2—LIMITS FOR GLARE TG
PRECEDING VEHICLES

Maximum
lluminance

Range from headiamp o
photometer

{m) {lux}
15.0-20.9 ... 18.9
30.0-58.9 .. 18.9
80.0-119.9 . 4.0
120.0-230.8 4.0

e of time constraints and
HMuminance receplors were

med adjacent (o the

rqmpmmr ava nh
located on a vehicle po
motorcycle; this ve remained off to
ensure that the Al}B-equipped vel was
responding only to the motoroyeie’s lamps.
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We tested four different ADB-
equipped vehicles that were approved
and sold in Eu""g e: A MY 2014 Audi
A8 equipped with MatrixBeamy; a MY
2014 BMW X5 XD rive35i equipped with
Adaptive High-Beam Assist; a MY 2014
Lexus L8480 F Sport equipped with
Adaptive High-Beam Systew; sud a MY
2014 Mercedes-Benz E350 equipped
with Adaptive Highbeam Assist. The
heawm patterns ont ‘the Andi and
Mercedes headlamps were FMVSS No
108-compliant. Activation speeds for
these ADB systeras ranged from 19 to 43
mph.#¢ The Agency analyzed the
research in a variety of ways, including
assessraents for repeatahility.

In these tests, ADR appeared to
provide noBiceable additional roadway
iHumination. ADR adaptation was more
apparent in some vebicles than other
However, in many cases ADB did not
suceeed in maintaindog glare in the
location of other vehicles to lower heam
levels. Generally, the Agency’s testing
suggested that when an ADB sysiem has
a "nng preview of another vg}fnde, ADB

n perform well. When an ADB system
doea not have a long preview of another
vehicle, such as in an intersection
scenario or when two vehicles are
opcoming on a curved road, ADB may
not adapt its heam pattern quickly
entnugh. Additionally, some ADB system
behaviors that were not expecied and
vncharacteristic of ADB’s stated
purpose were observed, such as
instances of momentary engagement of
the upper heam or inferpreting a
reflective roadside sign to be another
vehicle and suddenly darkening the
forward roadway. Because this research
evaluated ADB svsto'ns installed on MY
2014 vehicles, current ADB systems
raay be capable of beiter performance.

The Agency’s test report made a
rnumber of observations based on its
analysis of the testing data. Here, the
Agency notes several. First, testing
confirmed the validity of the derived
glare Umits. For example, the

iHuminance of the lower beams of the
ADB systemns eguipped with an FMVSS
No. 108-compliant lower bearn was
within the glare Hmits when measured
on the test track with the vehicle
stationary. Second, the research
demonstrated that achieving a valid
whols-vehicle test pmmdu[e for
'393%%111& ADB headlighting systent
perforruance with respect to ce elevan
performance criteria is technically
feasible. The resulis showed that
making such measurements cutdoors in
variable ambient Hlumination
cc;-n-:iiti(‘n@ can he performed in a valid
way, by removing the measured ambien

1@ ALE Test Report, p. 20.

Page 123 of 1219

ilumination frora the recorded
“{=’3(§iiph Hog system test frial data. For
xan ;p ie, ADB response Himing seemed
consistent across trials. Scenarios
nve ]wngihm timalus vehicle and
ADB—eqmppcd vehicle driving toward
each other showed ADB adaptation
sccurring at closer range between
vehicles than would be seen if the

stimulus vehicle is stationary because of
J

1e ADB respounse tiaing. Third, the
es*mg showed that this whole-vehicle
st procedure could be accomplished in
a mpeatdb:e manner. Specific testing
resulis are discussed in more detail in
the docketed test report and data and in
5 l secquent sections of this preaoble.
Repeatability is discossed in more detail
a Section VIILe.
V. SAF 3080

In 2016, SAE pub"i@l?d a standard for
adaptive driving beam systems, SAE
73069 JUN 2018, Adaptmc Dirivi ing
Beam. The standard specifies a road test
o deterroine whether an ADB system
glares onconiing or preceding vehicles.
The standard QpPLL:t}b as performance
criteria, glace liraiis based on and
similar but not identical to the glare
limits used in the ADB Test Repon {See
Table 3).

SAE F’% 49 specifies a straight test
track with a si 1;319 lane 155 m long. On
either side of this test Lm-z, the standard
specifies th placem I‘t of test fixtures
simulating an pp‘ g or preceding
vehicle. The test fixtures are fitted with
lamps having a spemﬁea brightness,
color, and size similar to the taillamps
and headlam 1ps oa a typical car, track,
or mm(,rcyclcq The standard specifies
four test fixtures: An opposing car/
truck; an opposing motorcycle; a
preceding car/truck; and a preceding
motoreycle. In addition to simulated
vehicle Hghting, the test fixtures are
fitted with photorueters to measure the
illumination from the ADB headlamps.

The standard specifies g iotal of
eighteen different test drive scenarios.
The scenarics vary the fesi fixture used,
t'm placement of the fixture (i.e, to the
ight or left of the lane in m} ich the
nDB equipped vehicle is feay elling),
and whether the lamps on the test
fixture are Hluminated for the en
drive, or are instead suddenly
illuminated when the ADB vehicle is
close to the test fixtore. Doring each of
these test runs, the illuminance
recocded al 30 m, 80 oy, 120 m, and 155
m must not exceed the speciﬁed glare
limits. It there is no recorded
ilurninance value at any of these
distances, interpolation is used to
estimate the ilhwguinance at that
distance. For sudden appearance tests,
the system is given a maxirourn of 2.5

e s

w

"S

iire test

m((‘ﬂds to react and adjust the bean. If
ny recorded {or interpolated}
Lilmm:lam‘e value exceeds the
applicable glace limit, the standard
p"o\udes for an allowance: The same
fest drive scenario is run, except now
only the lower beam is activated. The
ADB system can still be desmed io have
passed the test as Ic mg as any of the
ADB exceedances do exceed 1253%
of the measured { ar it t rpohtv(i)
illuminance value{s) for the lower beam.

TABLE 3—SAE J3069 GLARE LIMITS

Range from NMaximum Maximum
headlamp to iHluminance, luminance,
ohotometer ONCOMming areceding

{m) (lux} {fux)

30 1.8 18.9

80 0.7 8.9

i20 0.3 4.0

155 0.3 4.3

In addition to the dynamic track test,
the standard contains a raunder of other
sysiem requirements, such as physical
test requirenents and requirements for
the telltale. It also requires the system
to comply with certain aspects of
existing standards for lower and upper
beam photomet ry as measured statically
in a laboratory environment {for
example, for the portmn of the ADIB
beam that is directed at areas of the
roadway unocc ,pwd by other vehicles,
the lower beam minimum values
qpo(d.wd in the relevant SAL standard
must be met).

in the Proposal and Regulatory
Alternatives sections of this doecumen
we discuss specific provisions of SAE
13069 in more detail.

VI Dderpretation of How FMVSS No.
08 Applies to ADB

NHTSA has uever squarr‘lv addressed
whether ADB technology is permitted
unider existing FMSS No. 108
requirements. Here we address this
issue and consider requirements io
FVIVSS No. 108 that could pose
regulaiory obsta ‘ie% to the iotroduction
of ADH in the United States. We first
consider whether ADB technology
would be permissible under FMVSS No.
108 as supplemental lighting and
conciude it is net supplemental lghting.
We then consider whether an ADB

system would mmp-" with the current
FMVSS No. 108 requirements for
headlights. As we explain below, ADB
waoudd Bkely not comply with at least
some of these requirements, particularly
the ph(‘ tometry and semiautornatic
hearn switching device requirements.
We a.BEltBthGl}f ‘conclude that FMVSS
No. 168 corrently wondd not permit the
installation of ADB on motor vehicles,
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a. ADB Is Not Supplemental Lighting
But is Part of the Required Hea H(zmn
Svstem

hold issue is whether an
supplemental or reguired
35 No. 108 specifies, for
s of vehicle, certain reguired
ighting
elements. The standard sets oud various
performance requirernents for the
required and optional lighting elements.
The standard also allows vehicles if) ‘f\ez
equipped with lighting not otherwis
regulated as required or optional
equipment. This type of lighting
equipment is referred to as
suppiamcntal or auxiliary lighting.
Supplemental lghting is permit‘ed if it
does not ropair the effectiveness of
lighting equipment required by the
standard.*” There are two different but
related reasans leading us to teniabively
conclude that an ADR system is nint
supplemental lighting

First, ADB systems are not
supplemental lighting because they fit
the definition of “semiautomatic beam
switching device,” & headlighting
device that is specifically regulated by
the standard. FMVSS No. 108 requires
that vehicles be equipped witha
headlamp switching dr‘\nm that
provides “a means of switching between
lower and upper beams designed and
located so that it rasy be operatad
conveniently by a simple movement of
the driver's hand or fool.” 48 As an
alternative to this requirement, the
standard allows a vehicle to be
Pqui pped with a semiauiomatic means
of switching between the lower and
upper heams.+® The standard defines
“sepdastomatic headlamp beam
switchiog device” as “one which
provides either astomatic or manual
control of beam switching at the option
of the driver. When the control is
automatic the headlamps switch from
the upper beam to the lower beam when
iihuroinated by the be ‘adlan'p% o1 80
approaching vehicle and switch back to
the upper beam when the road ahead is
dark. When the control is raanual, the
driver may cbiain either beam ruanually
regardless of the conditions ahead of the
vehicle.” 52

We have tentatively concluded that an
ADEB systen is a semiautomaiic beam
switching device under FMVSS No. 108
because an ADB system antomatically
switches between an upper beam and a
lower beam. An upper beam is defined
in the standard as ““a beam intended
primarily for distance illumination and

The thres

@

each o
and optmnal {if-equipped)

LG

7586.2
42580 .4,

4258.4.1.

5054,
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for use when net rueeting or clasely
following other vehi(:lek s A lower
beam is dehned as “‘a beam iniended to
Ulumdoate the road and iis environs
abead of the vehicle when ruseting ar
closely following ancther vehicle.” ®
The bean an AD') sysiem amits th"i
there are no preceding or oncorming
vehicles is the upper bpdm, the beam it
emits when there are preceding or
oncoming vehicles is a lower heam. 58
M)B technology differs from standard
headlighting i_e-‘,.hm)gogy in that if can
provide a variety of lower beam patterns
tailored to fit the particudar teaffic
situation it is confronted with. For ease
of reference, we will refer to the “base”
lower beam as the lower beam pattern
produced by the ADB system that is the
same as the lower bears the headlighting
system would pmuube if it were not
ADB-squipped, and the “aug;m)ms)d ’
1(“/\7@1‘ beam as the anhdncoa lm

m(idwav w}wn af least some ; ortio n{s)
of the forward roadway is unoccupied
by ather vebicles, If the forward
roadway is sufficiently nccuplgd }W
other vehicles (either oncoming o
preceding] so there is no portion of the
roadway that could be iluminated with
additional Hght without glaring other
vehicles, the ADB system produces a
biase Jower heamrg if the forward roadway
is at least partially uncceupied, the
system produces an augmented lower
bean, in which at least some portions
f & bearn pattern are brighter than the
res pu“dmo partions in the paiterm of
ik bdso lower beam. An ADB system
can provide a variety of different
augmented lower beam patieros,
depending on the traffic situation.
However, pach of these sugmented
beams is, by definition, a lowo: beam.
Because an ADB systera provides sither
automatic or manual control of beam
switching at the option of the driver,
and, whe the control is andoratic the
headlamps switch between an upper
bears and a lower beam, it is a
semiautomatic beadlamp heam
w

o Q

[

swiiching device. The standard has
specific requirements for semisutomatic
b e switching devices (we discuss

the se requirements o more detail below

hnd in the PI’OpﬂSul section of this
document). Because ADB is regulated by
these :oquu’gmonts itis not
supplemental lighting.

Second, ADB is not supplr\mbnt'ﬂ

lighting under NHTSA s interpratation
of the term - ‘supplemental lighting.”

5 fid,

52}d.

53 This is consistent WM\ SAE 3068 JUN20318S,
iich considers ADHE as “an addition to or
nt to the lower beam.”

FMVSS No. 108 requires vehicles to be
erquipped with one of several
perniissible headlighting systems,
whase specifications are sei forth in the
standa rd Headlighting systems are
comprised of hmdihmps and associated
hardware. The purpose of headlighting
is priraarily to p"f)vidr‘ forward
ilumination.” In dotm'nmmg whether
lighting equipment providing forward
dlumination is supplemental or
regquired, NHTSA looks at several
factors: {1) Where the lamp directs its
light; {2) whether i nses a headlamp
rgpl'\mﬂbic light source to emit a bgam
that provides swgmh(‘a ntly more light
flux than supplemenatal cornering ]dmps
or fog lamps desigued to conform to
ap}.LLaole SAE standards; (3} whether
the lamp is intended to be used

regularly or is Hmited {as are fog lamps}
to more narrow driving conditions and
sitoalions; and (4) whether there is a
manual on/off switch.5% For example, in
a 2004 m'grplet'\tmn letter, NHTSA
used these factors to evalnate a
swiveling lamap incloded as part of a
vehicle front lighting system meeting
the FMVSS No. 108 requirements
withoud the lamp. The lamp was
designed to automatically enhance
forward illumination around corners
and through curves {o tmprove &
driver’s (ib.mv to see pedaesirians,
bicycles, and other objects. NHTSA
conciuded the lamp was part of the
required headlighting systern, and thus
not supplemental lighting, and therefore
subject to the headlarnp requirements. 58
Under this analysis, we tentatively
conciude an ADB systen is part of the
required headlightiog system and not
supplemental Alghtmg Most
importantly, an ADB system, in contrast
to supplemendad lnmips such as
corniering lights or fog laraps, provides
significantly more light thox forward of
the vehicle and is intended {0 be used
regularly.57 ADR systerus function, and

73

54 84 “Headlomp means a lighti
providing an upper and/or a low
provi dmo :Luv pation forwsrd of the vehi

ng device
beam usad for

2

-

iforsm
: er ﬁom Iacque;i-ir Glassman, Ch
o [Redacted] {Jan. 21, 2004} {opining that
g lamp” is a component of the requived
hesdlighting system). See also Letter from John

Womack, Acting Chief Counsel, to M. Guy
D’n]@au ,\/'aleo on (Abg 31, ‘994} (ireating an
yired

ter hf;m Fra ka mdt,
Wuddel, Hueck & Co. {Nov.
reating an auxilisry driving beam as part
red hf:?.d""hl‘nf’ system and

tdl Jgh } ‘\1

of the

ueline les‘smam Chief

1 {an. 21, 2004},

v {rosm nk Bendt, Chisf Counsel, to
Corp. {Teb. 11, 1877} {finding that fog
Continued
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are intended {o function, as the p primary
source of forward iy amm(.i inn for the
vehicle when they are activated. This is
a safety-critical funciion affecting not
only the ADB-equipped vehicle but also
(through glare} other vehicles. The
purpose uf ihe headlighting
requirements s to ensure headlighting

systems attend to hoth thr‘sg Q'\iot
critical issuses and strike an pt able
halance between forward wsib ity and
gla"c The entire purpose of ADB
technology is to strike this balance more
rabustly and effectively. Tt therefore
seems appropriate that ADB is
considered an element of required
jightiog and not merely supplemenial
ighting.

We note that prior to the 2004
interpretation Jetter, NHTSA had issued
several interpretations concerning
auxiliary driviong bearns in which the
Agency treated, without directly
considering the issue, those Jamps as
supplemental lighting 52 If the lamps in
question in those earlier interpretations
would be considered supplemental
lighting under the factors set forth in the
2004 interprefation, they mayv be
consistent with that later interpretation
There is noi, however, sufficiend
information about the Hghting systeros
at issue in those earlier interpretation
lettars to he able to apply the factors
from the 2004 interpretation. In any
nase, the 2004 iplecpretation has been,
to date, NHTSA’s view on the issue.
Because of the reasons given above, we
terdatively conclude that changing that
interpretation is not warranied at this
ime.

h. ADB Systems Would Not Comply
Vith at Least Some of the :!f?aalanlt
Hequirements
Because we tentatively conclude that
an ADYB system is part of the raqmrbd
headlamp system, we next consider
whether there are any headlamp

lamp is supplemental lighting}; Letter from Frika Z.
Jones, Chief Counsel, to M. Twase, i
Lid. (March 31, J%Sh) {sa¥
Jones, Chief Counsel, to T.
Co. June ’1987) {samc); Le
to Byun

eting
from Erika 7. ]ou
Kadoya, Mazd

‘mm PJLlp [\euht. Chief Counse
Carlin Mfg. (January 3, 1985)
John Womack, Acting Chief
ki Maisui, Stanley Elec. Co.
1995} {same).

ter from Erika Z. Jones, Chief Counsel,
stituto Eletirotecnico Mazionale
{(Mav 22, 1887); Letter from Si) Wood to Subaru
of America, Ino. (et v from Evika
[ C M. Soh, Target

Counsel, to Yohs
{Sept. 20

a;kebnas 3., Inc. (Sept.
Frika Z. Jones, Chief Couns
12, 1888}; Letter from Frank Berndt, Chief Counsel,
to LA, Wuddel, Hueck & Co. (Nov. 18, 1983}
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requirernents with which it would not
comply. We tentatively conclude that an
ADB gystem would hkeiy not comply
with certain of the requirements for
lower beam photometrv and
seraiautomaiic beam swilching devices.

i. Photomeiry Requirements

An ADB system would have to
comply with all appiicab"e phﬂtomei.ry
requirernents. As discussed earlier,
there are separate photometry
requirements for lower and upper
beams. The photometry requirements
specify test points, with each test point
specifying rainimuwm levels of light {to
ensure adequate llumination] and/or
maximun levels of ‘iighi_ {to Hmit glare
to onicoming or preceamg vehicles}.
When an ADB systenm is eroifiog an
spper bear, the npper beam must
conform to the upper beam photomstry

raquirements, and when it is emitting a
lower beam it must conform to the
lower beam photometry requirements. 39
The upper beam of an ADB system

would likely be able to coraply with the
upper beam phetonietry requirements.
This is becanse the ADB upper beara
would, or should, be the same as the
upper beam on the non-ADB-squipped
versinn of that vehicle. Accordingly, an

ADB system’s upper beam presumably
would com ply with the upper beam
photometric requirements.

The ADB systent’s lower beam, on the
other hand, would probably not always
comply with the lower beam
photf)meiri(: ragpuirements. An ADB
can produce a variety of lower
beau“ ; each lower beam must comply
with the '\ppi"cable ‘:mver beam
photomeide requirements. The base
lowvr beam is designed t@ conform to
the current lower beam photometry
requitements. However, the augﬁmem_ed
lower beam(s} provide more
iHumination than the base lower beam
wowld; the purpose of ADNB is to
produce a lower beam providing more
Hlumination thau a current FMVES No.
168-compliant lower beam. Therefore, it
is Hkely that the augmenied lower beam
would not always comply with existing
lower beam phuimret 'y requirements.
Toyota appears to aih ad-) to this inits
petition when it states that “[wihile the
variable beam patiern mode does
occasionally emit asymmietric
candlepowsr that is above the maxima
or helow the minima at certain FMVSS

s9We note it does not appear possible to interpret
the stand;« d s6 the dimmed portion of the ADB
set to the lower beam p-mtomn v
roqu' ements and the undimmed portion is subject
to upper beam photometry reguivern because
S9.4.1 prohibits simultan upper
and lower beams {ex for signaling or switching,
ither of which is applicable here).

No. 108 iesi points, these differences are
always designad to be consistent with
satisiying the dual goals of Y11'11'1mif zing
glare to oncorning and preceding drivers
and erthancing the forward (.ni
sideways {Huwmination for the henefit of
the driver in the AHS-equipped
vehicle,” 50 Volkswagen, in a tecent
exemption petition, also notes that “the
Audi Matrix Bearn ADB system does no
couform te FMVSES 108 photometric
reguirements at certain test points.” 7

We also note thal in the 2003 Request
for Comments regarding advanced
headlighting systems mentioned sarlier,
the Agency considered, arnong other
things, advanced he sa(h.pbt] ng systems
that could actively re-aim the lower
beaur hor u(mi.d]ly {so-called “bending
Light”}. NHTSA concluded that FMVSS
Ne. 108 does not prohibit bending light
headlamps hecause the standard does
not spacifically address initial or
subsegquent headlamp aim {the standard
addresses only aimability requirements).
Advanced he :-di-p.,b Hog sysiems that can
actively re-aim the lower beam
horizontally arve currently available as
original and r replacement equipment in
the U.5.

ii. Semiautomatic Beam Switching
Device Requiremends

o
(27

We have tentatively concluded that an
ADB systern is a semisutomatic beara
switching device under FMVSS No. 108.
ADB systems could likely raeet some,
but not all, requirements applicable to
these devices.

FMVSS No. 108 sets forth a variety of
perforreance requirements for
semisutomatic bearn switching devices.
ADRB systems would likely be able to
meet some of the exdsting semiautomatic
beam switching device reguirements:
Owaoetr :mdmxd] operating insiructions
{59.4.1.1}; manual override {88.4.1.2);
fail safe operation (59.4.1.3); and
avtomatic dimming indicator {(89.4.1.4).
We propose applving these
requirements to ADB systeras. However,
ADB systems likely would not comply
with other requiremends applicable to
semdantomaatic beam swi trhing devices.
One of the reqm"emen‘m is that
semisutomatic headlarap beam
switching devices must provide lower
d-‘d apper bearas complving with
relevant photometry reguirements. As
we explain in the section immediately
above, au ADB system would not
comply with the lower heam

stter from Torg St
ca, Inc. to David Sk

r, Toyota Motor North
land {Mar. 29, 2013},

er from Thomas Zorn, Volkswagen Group
to D, Mark Rosekind, Adwministrator,

, Petition for Temporary Exemption from

HV“ /SS 1(.8 {Gctober 10, 2018), p. 2.
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photoraetry requirements in all
instances. Gther requirernents incl
fail safe operation requirements,
muunimg height Hroitaiions, and a
saries of p}wsv al tests, including a
sensitivity test. Some of these would he
difficudt to apply to, or would not
sensibly apply fo, an ADB system.

ude

¢. Tentative Determination

We tentatively conclude that ADB
would not be supplemental lighting and

would lkely not comply with at least
some of the lower heawm photometric
and semiautomatic beam switching
device requirements. We therefore
terdatively conclude that FMVSS No.
108 would, in its current form, preciude
an AIIB systern as original or
replacernent equipment.

Although we tentatively conclude that
an AR systern is past of ihe required
headlighting system, we briefly consider
the status of ADB technoelogy if it were
instead considered supplemendal
aquiproent. If we were to instead
determine that an ADB system is
supplernentsl lighting, it would be
permissible provided it did pot im pait

the effectiveness of any of the required
jfighBiog {86.2.13. A \'r'shn.ﬁ
raanufacherer must r'ﬂr'ify that
supplomgnt'ﬂ lighting installed as
original equipment co *1} lies with
$6.2.1 (although, as a practical matter,
vehicle manufacturers generally insist
that equipment manufacturers provide
assucance that their prodocts meet
Federal Qtandaxds) Effectiveness may be
impaired if, among other things,
supplernentsl 11:5 st 1g creates &
poncompliance in the existing lighting
equipment or confusion with the 31gnal
sent by another lamp, or functionally
interferss with it, or modifies its
candlepower to either below the minima
or above the roaxima perpdtied by the
standard.52 The judgment of irnpatrment
is one made by the person installing the
device, (-iiha)ngh ﬂm- decision mnay he
qumimnﬂ-i by NHTSA if it appears
erTOneaus.

oo ADB system were ionstalled as
supplemental equipment, it would
irapair the effectiveness of the required
headlighting system if it did not meet
the Table XVII (o pper beara) test poinds
corresponding to unoccupied portions
of the road, or if it did not meet the
Table XIX {Jower beam) test points
corresponding to portions of the road on
which an orncomiog or preceding
vehicle was located.®3 It would,

X6

&, Letter from Erika Jones, Chisf
ounsel, to 3 vung M. Soh, Target Marketing
tews, Ine. {Sept. 13, 1988).

See | ibility Study, p. 36 (Fig. 19) {oc
of upper beam test points} and p. 16 {Fig. 5)
tions of Jower beam test points). See also Letter
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however, be difficoli for NHTSA

verify this because the Table X%H and
XIX photomeiric test points are
premised on laboratory measurements,
whereas whether an ADB system is
functioniog propecly (1epsmdf. on
whether it is accurately dr\tocting
oncondag and prec edmp vehicles in
actual operation on the road.
Accordingly, even if NHTSA wers to
adopt this alternative interpretation, it
still might not chviate the need for this
rulemaking.

We seck comment on this tentative
interpretation. In addition, we seek
comumient on whether there arve
Prov'sions in FMVSS No. 108 we have

nof identified jo this docoment that
might 3pp'y to ADB systems and se
should be amended.

VIL NHTSA’s Statutory Authority

NHTSA is proposing this NPRM
pursuant to its authority under the
Motor Vehicle Safety Aci. Under 48
U.8.C. chapter 301, Motor Vehicle
Safety (49 U.S.C. 30101 ef s2q.}, the
Secretary of Transportation is
'-‘espm1Qibie for prescribing motor
vehicle safety standards thai are
practicable, meet the need for motor
hicle safety, and ace staled io
jective terms. 8 “Motor vehicle
safety” is defined in the Motor Vehicle
Safety Act as “the performance of a
motor vel

ehicle or motor vehicle
equipment in & way that protecis the
public against unreasonable risk of
accidents occurring because of the
design, construeton, or performance of
a motor vehicle, and against
nnreasonable risk of death or injury in
an accident, and includes
nonopsational safety of a motor
vehicle.”” 85 “Motor vehicle safety
standard” means a minimum
performance standard for motor vehicles
or motor vehicle equipment.®® When
prascribing such standards, the
Secretary must consider all relevant
availahle motor vehicle safety
inforruaticn.®” The Secretary must also
consider whether a proposed standard is
reasonable, practicable, and appropriate

X

oin firika Z. jones, Chief Counsel to George Zislo
{Sept. 12, 1988} {finding that & supplemental
headliamp would impair the effectiveness of the

headlighting system because it caused the upper
besm to exceed the upper beam photomeid

maxima}; Letter from Erika Z. Jones, the‘ Counsal,
to E ‘img M Soh, Target Marketing Sys., Inc. {Sept.
1 that s supolomon J (Lamp

nmer\sn‘/ mounato“ would iimpair the effectiveness
of the hcadllghnmg system hecause it would not
necesssrily u,r“pw with upper ov lower beam
photometric requiremer
"”HA‘} U.S.C. 30111(a)
S.C. 301020
&6 33102{a){8}.
5730011

types of motor vehicles or motor
vehicle equipruent for which it is

rescr b >d and the extent to which the
standard will turther the statudory
purpose of reduciag teaffic accidents
and associated deaths.©8 The
responsibility for promuolgaiion of
Federal motor vehicle mfr‘iv staridards
is delegated to NHTSA®S T he Agency
\omi‘u]l‘« considered these statutory
raquirements io (mve]o;,] ng this
proposal. We evaluate the p"onsai with
respect to these requirements in
subsequent sections of this preamble.

forthe t

VIL Proposed Requirements and Test
Procedures

We propose amending P\HESA’
lighting standard {o d]low ADB systems
on vebicles in the United St’ites and
ensure that they operate safety with
respect to the twin safetv needs of glare
pravention aud visibility.

We have tentatively concluded that
because ADB has the potential to
provide sigoificant safety henefits,
FMVSS Mo. 108 should be amended in
order to peoail it. ADB technology has
the potential to reduee the risk of
crashes by increasing visibility without
increasiog glare. To particular, it offers
pm“nh(.JV sigrificant safety benefits in
preventing collisions with pedestrians,
cveclists, animals, and roadside ohijects.
We have tentatively concloded,
however, that ADB would not comply
with FMVSS No. 108 because an ADRB
system is part of the required
headlighting systera—not supplemental
lighting——and would likﬂly nnt comply
with at least some exis ing Hghting
requiremeants. Accordi ngly‘ We propose
amending FMVSS No. 108 to permit
ADB systeras on vehicles in the U5,

We have also tentatively concluded
that in order to ensare thai ADB sysiems
operate saielj’, the standard should be
amended to include additional
requirements specific to ADB systems.
Because ADB uses relatively new,
advanced lechnoelogy to pu)v)d 20
enthanced lower beam and dynamically
changes the beam io acconmunodale the
prasence of other vehicles, it has the
potential—it it doses not function
propecly—to glare other motorists.
NHTSA is pd‘"Lculdr v sensitive to
concerns aboot glare 1o light of the
history of glare complaints from the
public, the 2005 Congressicnal mandate,
and the Agency’s research. Because the
existing headlighting regulations {in
parBoudar, the photometry
requiremenits) are based on and
intended for the currend, static beamns,
they do net bave suy requirements ot

i1(b} {33-{a).
2 See 43 CFR 1.95.
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test procedures to evaluate whether an
ADB system is fonctioning properly as
it dynamically changes the beam io
accommodaie other vehicles. We
therefore propose amending FMVS
108 to include requirements and test
pracedures specifically tailored to
ensure that ADB systems do m)i glare
other motorists. NHTSA is als
proposing a Hmited set of -‘munememb
to ensure that ADB systems provide
adequate visibility at all times.
irst, we propose amending FMVSS
No. 108 to allow ADRB systems. We
propose anmendments {o, among other
things, the lower beam photomeiry
requirements so that the enhanced
lower heam provided by ADB
technology is permiited.

Second, we propose requirements to
ensure that ADB systems do not glare
other motorists. AIB systems provide
ant enhanced lower beam that provides
more illumination than the currently-
allowed lower beam. H ADB systerns do
not function properly—detect oncoming
and preceding vehicles and shade them
accord Lxxgg?ma)ihezr motorisis will be
glared. The proposal addresses this
safety concern with a combination of
vehicle-level track tests and equi
invel lahoratory testing req

The centerpiece of the pr
vehicle-level track test to eva i] uate

No.

a
g A 3]
performance in recognizing and no
glaring other vehicles. We propose
evaluating ADB pecformance ina
varisty of different types of interactions
with enc fnnmg and pre(‘edmg vehicles

(refexred to as “stimulus” vehicles
because they stimulate & response from
the ADB system}. The stimulus vehicle
wouold be equipped with sensors to
raeasure the \]lumnmn(:z from the ADB
system near the driver’s eyes (or
rearview mdrors). We propose & variety
of different test scenarins. The scenarios
vary the road geomestry (whether it is
straxg:lt or curved); vehicle speeds {from
0 to 70 mph}; and vehicle orientation
{whether the stimulus vehicle i
oncorming or preceding). The
iihuroination cast on the sBoulus
vehicle would be measured an

recorded throughout the test run. In
order to evaluate ADB perff)rm aoce in
these test runs, we ate pr ()pmm.ﬂ; a sel
of glare limits. These are numeric
iihuroinance vadues thai would be the
maxirourn allowable iluminance the
ADB system would be permitied to cast
on ihe stirmulos vehicle. The praposed
glare limits and test procedures are
based on NHTSA's ADB-related
research and are jntended to ensure that
an ADB system is capable of correctly
detecting oncoming and preceding
vehicles and not glaring them. Th{\,
differ from the existing photometry
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requirernents because they are vehicle-
lavel requirements tested on a track,

In addiiion to this track test, we also
propose a small set nfﬂqmp.n-”.i -level
laberatory testing requirements related
o giaw prevention. We propose to
raquire that the dirarued portion of the
adaptive heam (i.e., the light directed
towards an oncoming or precedlno
e} not exceed the current low
br‘hn‘ maxima, and that in the
undimmed portion of the adaptive beam
{i.e., the light ditected towards
unoccupied roadway) the coreent upper
heam maxima not be exceeded. These
would be carced out at the
compounent level—on the headlamps
{not instal"ed on the vehicle)in a
phoiu netric laboratory. These proposed
g rr‘memq would essentially suhiject
the ADB system to laboratory tests of the
heam similar to what are currently
required for standard headlights.
NHTSA anticipates that manufacturers
would be able to certify to these
photometry requirements in a typica
photom&nc laboratory using typical test
procedures, with the addition of a
headiarop beam controller siraulating
the signal sent to headlamps from the
camera/headlamp controller.

Third, we propose a limited set of
minimum ithumination requirerents {as
tested in a Isboraiory] to ensure that the
ADB system provides sufficien
vieib"litv {or the driver. The current
headiamp requirements include, in
addition to maximum light levels in
certain directions, minimum levels of
Ulumination to ensure that the driver
has a mirdman jevel of visibility. We
propose that these existing laboratory
photometry tests be applied to the ADB
system o ensore that the ADB beam
pam‘rr:; although dyoamically changing,

always pr u‘ﬂd?% at least a minimum

amount of lighi. We propaose reg un‘irig
that the dimmed portion of the adaptive
beam meet the current lower heam
mioima and that that in the undiromed
portion of the qdapﬁv“ heam the current
upper bearm minima be met. These
minimum levels of iHluminance are in a
direction such that they would not glare
other motorists. Again, NHTSA
anticipates that manufacturers will be
able to certify to these photometry
requirernent in a typical photometdic
lobordtu V.

iesis

wa propose sevaral other
system fequlre:n ents to ensure that an
A] 1B system operates safely. Some of
regquirements, such as manual
override, are already part of the existing
regul ai ions for ‘smniq:),m:n'zti(' heam

ax tendvd to nDB s‘v %161*1, E)t}wr
requirements such as one that the
system notify the driver of a fauit or

1

maalfuncticn, would be
systems.

spacific to ADB

. Reqa nents

“his NPRM proposes to subject ADB-
squipped vehicles to a dynamic
compliance test to ensure the AR
svstem doss not glare oncoming or

ceding vehicles. The performance
(oqmivneﬂk we propose specily the
raxirourn level of iluminance an ADB
Vs tent ey cast on opposing or
preceding vehicles. To as i(l tion to these
glare Hmit requitements, we are
proposing a set of minimum system
requirements to ensure a0 ADB syslem
performs safely.
i. Baseline Glare Limits

The foundation of this rulemaking is
a set of glare limits specifying the
amount of ight that may be directed
towards oncoming or preceding
vehicles. The glare limits we propose
are ihe same lirnils ased in the ADB
Test Report and presented earlier in this
document in Table 1 {oncoming glare
Bmits} and Table 2 {preceding glave
iin‘i*b }, except instead of regulating
glare out 10 238.9 m, we propose to
xe.quhma glare oot to 220 m. Barlier we
explain d how these limits wers
derived. These glare limnits would he
used to evaluate ADB headlamp
lominance as measured in a dynaric
track test. (We explain the proposed test

rocedures later in this document.} The
current photometric test points .rmr
which the proposed limits are derived
are maxima; therefore, we propose
apply-hg the derived glare limits as
maxirog, so thal any measured
exceedance of an applicable glace lu*m
would be used to dstermine L()Hlphd
{except for raomentary @pxkazs ahove the
Hmits 1asting 10 longer than 0.1 sec. or
over g distance range of vo fonger that
1 m). We are stating the glare Himits to
a precision of one decimal place, as
recommended 1o the report that
developed these glare imits.7? For
purposes of determining corapliance
with the glare limits, the Agency will,
whern conducting compliance testing,
round measnred illuminance values
the nearest 0.1 lux, in accordance wi
the roundi mg mei_hod of ASTM Practice
E29 Using Significant Digits in Test Bata
to Determine Conformance with
Specifications.

SAE 13089 uses glare limiis drawing
on and similar but not identical to the
proposed glare Hmdts. The proposed
glare lirnils deviate from SAE J3089 in
two main respects.

First, two of the glare limits differ
slightly. At 60 m, SAE 73089 uses glare

et

8]
1

i
L
LS
b
L

™ Peasibility Study, p. 80,
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1

imdts of 8.7 hux {oncaming) and 8.3 fux
(preceding) compared to the proposed
0.6 lux and 4.0 lux. The pmpowd limit
are based on the 0,643 lux and 4.041 hax
limits derived in the Feasibility Study,
raunded to two decimal places.

Second, SAK J3069 applies to a
narrower range of distances (39 m—
155 ra} than the proposed glare Hioits
(15 m~220 m). Our tentative decision to
regudate glare down to 15 m differs from
SAE 73069, which does not apply to
distances less thao 30 ra. At 15 m,
angle between the oncoming or
preceding driver’s eves and the
headlamps 1s small enongh to cause the
chserver to be unable to ses objects in
the roadway. The 15 m cutoff we
propose is cousistent with the
Feasibility Study and ADB Test Report,
which also use glare limits for inter-
vehicle distances as small as 15 m.”* We
helieve it is reasonable not to regulate
glare for distances smaller than 15 m
because as the distance beiween the
ADB and the oncoming vehicle
decreases, the angle between the two
vehicles increases; the effects of glare
fall off rapidly as the angle betwesn the
glare source and the center of the
ohserver’s field of view increase.
preceding vehicles in a passing
situstion, we tertatively believe this is
justified because at this distance ths
Incation of the driver’s eye likely
corresponds to a portion of the beam
patiern where less Hght is typically
projected. In addition, at smaller
distances it might be difficult to obtain
accureate photometey readings.

The proposal to measure and regulate
glare cut to 220 o is fariher thag either

SAE 13069 (which applies only out to
155 oy or the Feasibility St dy which
derived glave lruits culy out 10 120 wm)
and is slightly less than in the ADB Test
Report. 72 We tentatively believe it is
necessary to regulate glale further than
120 o or 135 m because the upper
beams can glare other roadway users at
and beyond those distances. The
raaximum inteosity allowed for each
apper heam headldmp is 75,000 cd; 73
this is equivalent to 130,600 cd for a
headlighting system. At 120 m, 136,000
od is equivalent to 10.4 lux; at 155 1,
this translates to 6.2 o, Both values are
greater than the 0.3 Iux glare limit the

e
N
15

the

)

)
¥
¥

ror

71 Feasibi

Study, pp. 23-24.

72 The SAE vange of 155 m appesrs to voughly
track state laws regulating upper beam use. I\.&"xy
states allow drivers to use upper beams up to about
152 m {500 ft.) fom an oncoming vehicle; inside
s, the driver must use ower beaws. The
tance requirements are smaller for preceding
hicles. See, e.g., Va. Code Ann. sec. 46.2-1024
; Cal Veh, Code sec. 24408 (2017); 7 Tex.
Code Ann. sec. 537.333,

75 Table XV
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Feasibility Study derived for the
furthest distance it considered (120 m).

The issue then is to what maxiraum
distance glare should be regulated. We
considered regulating glare out to the
distance at which the o pper beams
would be extremnely unlikely to glare
other motorists, but this would involve
measuring g]dre at very large distances,
which would not be practicable for
testing purposes.”¢ The maxdmum
distance we are proposing (220 m)
seeras to be roughly consisient with
assumptions abont allowable glare
implicit in state laws governing uppe:
bear use.”s Requiring an ADB system
not axce

ed 0.3 lux out to 220 ra woudd
rerefore preclude an ADB system from
using the full upper beam ovce an
oncoming vehicle is less than 220 ru
away.7s

We believe it is practicable for OEMs
to design systems complying with glare
limits out to 220 m. We are simply
applyiog the jux Bouit, 0.3, which was
derived for 120 m, out farther, to 220 m.
A headlight system able to comply with
an iluminance lroit of 6.3 lux at 155 m
{as required by SAE J3068) should be

CD

3 luxat120m fo
simplicity, and s
limnits for distances g

»tandpomt uf e ”‘.ﬂatow
as the

. I fﬁissible inte
an 1-ppcr beam sys 30,000 cd, and the
distance aty merh this will not an oncoming
motorist is, approziwately, the distance at which
this will result in illiminance of .3 lux, which is
700 . This Jong of s distance—aimost & half mile—
icable for testing purposes.

s prohibit upper beam use unless

s ave more than app'foximatn"v
& upper beaw laws are likely
l“bL ﬂamps that were

{

is not prac

basui on ol i
not as inte
Veh. Code ser. 24409 {Z’.Uj .’/) {requirement th
drivar use lower beam within 500 £t (152 m)
sneoming vehicle enacted prior to 1978} Prior to
19783, the maximuin allowable upper beaw intensity
or a headlighting system was 75,000 cd. See 61 FR
546871, At 135 1m, this is equivalent to 3.1 lux. Thus,
under these state Jaws the Hlumination to which an
cncoming driver would be exposed would not
exceat ’ i

requir
nmer\sn‘/ {

i

adjus reu 3
heam all
propose

i since 1978 1}\3‘ is. ‘h
eeds the 155 wm found in many state
s becauss headl re now allowed

76 Assuming the systew’s u
to produce up the maximur
the upper beam were designed to produce le
the maximum silowable in ity th ]

s i Tt 3 Y fu51 ’.
potentially 1d use the full upper

220 m.

allowable int

able to (:omply with the same 6.3 lox
Timaat at 220 m {hecause i;ne illumdoance
decreases as the distance from the light
source increases), as long as the ADB
systera is able to detect oncomdog
vehicles at that distance. We helieve it
is reasonable to expect this sort of
detection capahility from ADB systoms;
for example, the ECE ADJB regulations
require ADB cameras to be capable of
sensing vehicles oul to 400 m.”77
We have tentativel ly concluded that

the proposed glare Bmits are
appropriate for nse i this rule roaking.
The proposed glare Hmits provide
objective, nomeric ceileria to evaluate
AE)B systera performance with respact
to glare. They are based on the existing
gldi\ limits, which have been part of
FMVSS No. 108 since its inception in
1967 (although the current lower beam
maxima are slightly higher than the
ruaxima incorporated bv reference in the
initial FMVEE). SAK has ddnptod g-ara
limits similar to the proposed limits in
SAE 13089, We seck conunent on ihe
appropriateness and use of the proposed
glare limits. In parficular, we request
comraent an any potential safety
difference hetween adopting the SAE
glare limits and the proposed glare
bmits. Ina ddiiis)n, we ses k corament on
the proposal to consider any exceedance
of an applicable glare limit {othe.r than
reomentary sp iksw} tobea
noucompliance. This does not take into
account glare dosage, exposure, or
percept:bilitv Somie studies suggest at
least some adverse effects of glace
depena on temporal duration. For
example, some studies hove shown that
the tirne it takes for a drt s visual
performance o return to 1ts Qriginal
state after exposure to gisrp (rpf?rred to
as glare recovery) is proport 1(‘11.4- to the
total glare or glare dosage.”® It may also
be possible that light intensities
exceeding the OL-m Himits may not be
perceptible to an encoming or preceding
driver if the exposure duration is
sutficiently small. Should there be a
durational alement to the glace Hmits,
and if so, what should the “duration
What is the safety-relaied basis for the
duration {e.g., evidence that Hght
intensity at or above a baseline glare
limit does not have adverse effects on an
oneaming or prec odmg motorist if the
glare ‘:asts for no onge: than that

d ‘raimn,? Would the v axceedance”
rule potendially mean tha{ a0 ADB
system utilizing pulse width modulated

be?

7ECE R48 6.1.8.3.1.2.
78 Yyukin Akashi, John Van Derlotsk
Watkinson & Charles Fay. 2005. Assess
sadlamp Glare and Potential Countermesns
Survey of Advanced Front Lighting \yx e (/’w Sh
DOT 2309 973, Washington, DC: National
Highway Traffic Safety Adwinistration, pg. 71.
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light sources could be nencomplian
even though oncoming drivers would
not experience glare? It so, how should
this be a-‘,.(.fmm_ 3d for?

ii. Existing Pholoraetry Reguiremends
That Would Also Apply to ADB
Systerns

The proposed b eline glace limiis are
essentially new lower bearn photometric
requirements with which an ADB

em wouold have to coraply when

tested nnder the :ac‘ -test procedures
discussed later in this preamble. In
addition to these track-tested glare

limits, under this propesal an ADB

system would also be subject to some of
the existing laboratory-based upper and
lower beam photometey requiremends.
When the ADR system is producing an
upper beam {i.e. when thers are no
ouncoming or preceding vehicles within
15 m to 220 m) we propose the beam be
subjact 1o all of the applicable Table
XV upper beam rgqui"cn‘ ents. In
addition, we propose thal in the
undimmed porton of the adaptive beam
the applicable Table XVII upper heam
maximma and wirg me be met. Similar}

We propose requiring that the lower
beam maxima and odnima be complied
with within the dimmed portion of the
adaptive beani.

This differs from SAE J308%9 in some
m&pe-‘t% SAE 13069 bas somewhat

similar provisions relating to lower and
up per beam p“()t(‘m(ir,, tui those
provisions reference the relevant SAE
phoforaetric standards; the praposal

.n‘,i_e.zd appropriately references the
upper and lower beam photometric
requirements in Tables XV and XIX of
FMVES No. 108. In addition, SAE J3069
only S{)E‘(“'l("s that the lower beam
maxima not be exceedea within the
dimmed portion o
heam, and the lower beam minima be
complied with ouiside the dimnmed
portion of the avgmented lower bear.
We do not see any reason an ADB
sysiem’s upper beam should nol be

subject to the same requirements as is a
standard upper beam, or the dimmed
and undiramed portions of the ADB
adaptive lower beam should not bhe
mbis)ch)d ta the apph(:-b € upper and
'owcx beam maxima and minima. This

limited set of laboratory-tested
phoi.omem(: requirements are an
extension of the fongstanding
i v-based photometry
rqu"cmenw s for standard headlights.

¢ Ageocy requests comment oo this
ninary determination. n
}’,‘-ﬂl‘ti cular, can commenters p mmdﬂ
information oo the safety tupact o
adopting the proposed standard versus
the SAE approach?
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v
N
i

of the augmented lower

If the Agency were to test an ADB
syste for corapliance with these
proposed requirements, the testing
would be conducted as photu metry
testing is now tested, i.e., in a lahoratory
goniomster. The Agency
anticipates manufactorers will be able o
cer*if“ to this photomotry requirement

a typical photomeiric laboratory

using Lypmal test procedures, with the
addition of a headlamyp beam controller
simulating the signal sent fo beadlamps
from the mmcra/headlamp controller.
For the Agency to conduct soch testing,
it would need to collect considerable
formation from the manufacturer as to
wow to control the bo(.d]dmp% to
simulate the dynamic environmen
NHTSA antic pdi :g that it wonld
consider the manufacturer’s certification
valid unless it is clearly erconeous or if

the track testing indicates the basic
headlamp photometry may be
nopcomphant with this requirement.

using a

in
h

i1, Other System Reguirements

We are also proposing several other
requirements for ADB systems.

We propose applying some existing
semiantomatic beam switching device
requirenents to ADB s ystems: Manual
override {89.4.1.2}; fail safe operation
{59.4.1.3}; and autemaiic diraming
indicator {59.4.1.4}. These are
requirements that apply today to
semiq:,,m:n'ﬂi(' heam switches.

We also propose adopting additional
operation requirements that do not have
analogs in the current semiautomatic
bears switching device requirements;
most of these are alse part of SAE J3069.
We propose o requirs the mllowing:

® The ADRB system must be capable of
detecting systern malfunctions
(inchiding but nnt Bmited to sensor
oh%trudion}

he ADB system must notify the
dn ver of a mult or malfunction.

If the ADB system detects 3 fault, it
'ani disable the systern until the fault
is corrected.

¢ The system must produce a base
]uwm hieam at speeds below 25 mph. As

he pnmar‘/ purpose of the ADB is to
pmv)ue zdditional B ghi down the road
at bigh speed, the systeru is ot nesded
at lower speeds. For speeds below 25
mph, it may be likely that the potential
dishenefits from glare sutweigh the
po‘omial benefits frorn the additional
headlamp illumination.

Although we propose requiring a
*e'l'a"e informing the driver when the
ADB svstem is d(“ll vated {ths automatic
dirnming indicator requirement o
59.4.1.4], we have tentatively decided

nol to requirce telitales indicatiog the
type of beam (uppor or lower) the ADR
system is providing. We have tentalively

decided nat to follow the approach of
ECE Regulaticn 48, which requires the
upper bedm telltale be used to indicate
ADB activation, because we consider
the ADB adaptive beam to be 8 lower
beam if there are vehicles on the
road'\'f-av to which the beam must adapt.
We aiso do not require a tellale
indicating an enabhled ADR system is
projecting an augmented lower beani.
We believe providing the driver with a
visual indication of the type of bearn
{upper or lower) an ADB system is
providing is not necessary for safe
driviag and, if present, may resudt in the
driver making UINEcessary glances at
ths) instrument panel in sfead of
writoring the roadway. We also
p"onso revising the r‘mbtnﬂ upper
beam indicator requirement in S9.5 to
state that the vpper beara indicator veed
not activate when the ADB system is
activated {and the ADB telitale is
activated). This 1s consistent with SAE
13069, OEMs would be free to devise
supplemental telltales/messages. In all
of these, we follow the approach taken
in SAH J3069.79

We seek comment oo these choices.

Our indent is to ensure that ADB
systems operate robustly, while at the
same time not undoly restriciog
manufacturer design flaxibility. We also
note that Table I-a of FMVSS No. 108
reqvires the “wiring barness or
connector asse 1bly of each headlighting
svstem niust he designed so that only
those light sources intended for meeting
lower heam photometrics are energ x/ed
whien the beam selector switch is in the
lower beam position, and that only
those Hght sources intended for roeeting
upper heam photometrics are cno:’ri%d
when the beam selector switch is in th
uppet beam position, except for (:ﬂrium
systerus Hsted in Tahle 1L This raight
affect design choices for the headlight
and/or ADB conirols. It might mean that
the headlight and ADB coutrols condd
not be designed so the ADB system is
activated when the beam selector swilch
is in the lower beam position—the ADR
systern might, if no other vehicles are
present, be projecting the apper heam,
which covld mean that upper bearmn
light sources are activated when the
heam selecior switch is in the lower
beau position. We seek comment on the
effect of this requirement on ADB
systems, and whether it needs to be
amended, and i so, how.

We are not proposing to subject the
switch controlli ing the ADB system to
anty physical test requirements {e.g.,

vibration requirements, huraidity
requirement, ete.}. We are not exten
current devics test requirements for

d] ng

72 56.8 and discussion at p. 2.
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seraiautornatic beam switching
devices 80 {o ALJB systems because those
requirements date from the 19680s and
do not appear to ubefui]y extend to
racdern ADB techoologies, We also ave
not proposing any new physical test
requirements. We believe markei forces
will ensure an ADB syst em’s switching
device will operate robustly. We are,
however, proposing 1eq- iring the ADB
system to provide malfmetion detection
and notification and fail-safe operation.
We seek comment on whether we

should s )emfy physical test or
additional device test requirements.

In addition, other requirements io
FMVSS No. 108 applying to headlamps
will apply to ADB systems. ADB
sysiems, as pact of the required lighting
system, wonld be reguired to comply
with, for example, the Table |
requirements, such as color {86.1.2) and
the steady-buming requirement {except
for signaling purposes, and except for
the auton atic switching from u pper
heam to lower beara stimulated by the
appearance of an oncoming or preceding
'*ehiclpi and any other provisions in

FMVSS ‘\Io 108 that would apply to
ADB systems by virtue of their being
part of the required headlighting system
{as we have tentatively conchuded that
they are}.31 We asked for comment in
Section VI above for any other
regulaiory provisions that might affect
ADB systems that we should cousider
amending.

iv. Refention of Existing Reguirements
for Seraiavdoraatic Headlamp Beam
Switching Devices Other Than ADRB

The proposal refajos the existing
semiautomatic beam switching
requirements for beamn switch fing
devices other than ADB {i.e., beam

witching devices that switch only
betwsen an upper heaoy aad a single
Inwer heam). These requirernents have
been in the standard for several decades,
and while they might be updated, the
focus of this rule roaking is on amending
the current requirements to allow the

adoption of ADB systems.

#. Test Procedures

This section explains how we propose
to test an ADDB sv%tem to determine

whether it com )h with the

photometric ;_,](u € 11 mlt We are
pIOpOSng as a perfmmanLe
requirement. We propose to test the

BOFMVES Ni, 108 814.9.5.11.

& Gther examples include, but are ot
limited to, the folin ving: $10 {he i
e q-nrementd- S (qeaalamp COnCE t device
uirements}; S13 {replaceabie headlamp lens
uirements); and $14.5 {headlamp physical test
requirements sud proceduras).

Page 130 of 1219

necessarily

ADD system in 3 dynamu, road test, in

a select nomber of driving scenarios and
road configurations. 5% As noted earlier,
the e i< ting headlamp photometr

o

agud rr‘memq including the
requirements that regulate glare, are
component-level requitements, and
iesiing for compliance with them is
onducted on the headlamp in &
L-b(‘ratu v, We tentadively believe a
dynamic road test is necessary to
ensure, to a reasonable degree of
confidence, that an ADB systern mests
minimum safety rﬂquiren‘ ents for the
prevention of 911[ Jecause the ADB
system relies on a mmbmauon of
SENs0; o/carneras, controller units, and
headlamps that must all work together,
t})e Agency tentatively concludes a
('iv:mx*m‘ cornpliance test is essential for
evaluating ADB performance.

Below we discuss the proposed test
procedures in detail. The proposed
procedores involve equipping an
FMVSS-certified vehicle with
photomesters {a “stimuolus vehicle™} to
measure the amouuot of glare produced
by the ADB-squipped vehicle being
tested for compliznce {“test vehicle”)
With respect to the traLL on which we
would test vehicles, we propose
specifying velatively broad ranges of
~onditions, with a limited number of
driving sceuarios to maintain a practical
and efficient test while also reflecting
real-world conditions to which an ADB
system would need to adapt to perform
adequately. The test track may include
steaight sud curved portions but no

intersections. For curved sections, we
propose allowable radil of curvaiurs.
The ADB systenis we tested were unable
o prevent glare to any rasasurable
degree hetter on hilly roads than &
typical lower bearn headlamp.
Aufndx ngly, the longitudinal slope
(gmdc cannot Cj\Cobd 2% to maintain
nseful aligraent with headlamps.
While we encourage continued
development of the technology to
reduce glare below the current lower
heam on hilly roads, we are not
proposing such a re quirernent today. We
are proposing realistic vehicle spgcds
appropriate for the radii of curvature we
1' ave specified.

ii. Test Vehicle and Stimulus Vehicle

In later sections of this preanthle, we
discuss proposed maneuvers of the
stimulus and ADB test vehicles, Here,

82 Ag with all the FMVSSs. the proposed test
procedures are the pfouﬂlmos that NHT'SA would

we discuss the stimulus vehicles we
propose o use in festing.
i. Proposal
We propose to use as a stimulus
vehicle any FMVSS-certified vehicle
satisfying the following criteria: {1} Of
any FMVSS vehicle classification
scludi ng frailers, motor dnwm (y(:les,
nd low- Qpeed vehicles; {2) of any
Nenghi_ class; (3) of any make or iTh)dS];
{4) from any of the five model years
prior to the model vear of the test
vehicle; and {8) subject to a vehicle
height constraint. These criteria, an
alterpatives we are considering, are
discussed in more detail below.
Vehicle Classi
We propose to use vehicles of any
FMVSS classification other thao trailers,
motor-driven cycles, and low-speed
vehicles: passenger cars, buses, frucks,
multipurpose passenger vehicles, and
motorcycles. An ADB system should be
able to function so as to not glare a
broad range of FMVS5-certified
vohicles. We do not believe it wouold be
difficult for an ADB system to identify
and shade different vehicle types
hecauvse the image recognition
technology will likely focus on
headlight and taillight paiterns and
locations. While the FMVSS do not
regulate vehicle width, FMVSS No. 108
does regulate the range of permissible
rounting heights for front and rear

Beation

lamps, based on the type of vehicle; this
should help aid detection.
Weight

We propose using vehicles of any
gross vehicle weight tating (C n‘VWR‘
f)A};' 73069 simi ilarly uses fixtures based
on light and heavy Vehicle : applications.

Again, we see no reason Why an
acceptable ADB system should not be
able to recoguize and shade hoth large

nd small vehicles as these vehicies will
be encountered in the real waorld.

Make and Model

We propose using a y ruske or modal
of vehicle {that meets the other criterial.
We alternatively (‘onsid ered specifyiog a
list of eligible test vehicles by make and
model spanning & range of
manufacturees and vehicle types. The
list would be inclnded as an appendix
in FMVSS Ne. 108. Vehicles included
on the list would comprise a relatively
large perceniage of vehicles sold in the
United States; for example, the list
could be based on vehicle and sales data
from Ward’s Automotive Yearbook.
Under this specification, the Agency
could use any vehicle on the list from
the preceding five model years. We have
teniatively decided not o adopt this
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approach because we believe an ADB
systern shouldd recognize and shade &
wide variety of vehicles. However, we
seek conunent on this allernative
approach. Are there cartain raskes or
medels an ADB system should not be
expected and required o deteci? I so

what is the basis for such a
determination, and how does it sati
the need for safety as well as

practicability?
Model Year
We believe imiting ourselves to the
preceding five model years strikes a
reasonable balance bsi.ween the nae
safety and practicability.

d for

Vehicle Height Constrain

While we propose potentially using a
relativelv road range of vehicle types,
weights, makes, and models, we
propose to constrain the set of vehicles
eligible as test vehicles by vehicle
height. The '-mp.,} to orvimh-t is basad on
the praposed specification for where the
photometric receptor head{s) to measure
onconting glare will be plafed on the
windshield of the stimulus vehicle (see
Section VIILb.4i.3.a below). They may be
mounted suywhere within a specified
range on the windshield (roughly
corresponding to where the driver’s ayes
would he), suhject to a height constraint:
The photometer may be placed na
hwhr‘r or lower than a specified height
range (m?abuwd with respect to the
grour‘d‘ he ranges are hased on data
and studies of driver eve heights for
different types of vehicles. It it is not
possible to mount the receptor head(s}
within the Qpeuﬁed rENge on a
candidate stimulus vehicle, then that
vehicle would not be eligible for use as
a stimulus vehicle. This photometer
receptor head placement constraint
effectively acts as a consitraini on
vehicles that may be used as stimulus
vehicles and excludes vehicles that ride
vausually high or low. We are
proposing this constraint because we
recoguize it may be difficalt or
impossible to design a headlighting
svstem accommodating such outlier
vehicles. The existing Tahle XIX lower
beam photometry requirements are such
that low-to-the-ground vehicles may be
subject to glare even hy a compliant
lower beam. We would also constrain
owrselves hy not using nnosoally high
vehicles to ease potential testing
hurdens on manafacturers.

,_

Summary

We te ntatively believe this broad
range of stimulus vehicles is reasonable
to a iequdio]y ensure that an ADB
system functions rohustly and avoids
glaring other drivers; we are conceroed
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about a test procedurs effeciively
permdtting an ADB systern de ;m_,xwd o
accommodate only a narrow range of
oncondag or preceding vehicles. The
purpose of the stimudus vehicle s to
elicit headlamp heam adaptation hy an
ADDB system and test whether the ADB
systemn recoguizes cucorning and
preceding vehicles and appropriately
limits the amount of light cast on these
vehicles to ensure that they are not
glared. This requires an ADB system be
able to appropriately detect and identify
light coming frora another vehicle and
dynamically shade that vehicle. An
ADB system must be able to recognize
mull L}P]E‘ possible configurations of
wadiights and taillights, oo vehicles of
iif ize and shape {within &

ifferent s
reasonable range).

We tentatively believe it would be
p racticable for a manufacturer to design
n ADB system 10 recog nize and shade
any vehicle satisfying the proposed
election criteria. Ahhouoh we are
;1 HPOSIng A ¢ elatively broad range of

eligible stimulus vehicles, the lighting

Lf igurations an ADB system would
‘=1 ve to E((‘ugniys) are niol nnbounded.
Front and rear lighting designs are
limited by the requirements  of FMVSS
No. 188 and realities of vehicie desigo.
Mounting beights, nomber, color, and
locations of vehicle h'rhhing are
constrained by requirernents sef cut in
Table I of FMVSES No. 108, For exaraple,
headlamps must be white and mounted
at the same height symmetrically about
the vertical centerli ine, as far apart as
pmct"cablg and mounted at a height of
not less than 22 inches nor more than
54 inches. Additionally, whils we are
proposing a broad array of makes and
models as test vehicles, thereis a
limited, and not exceptionally lacge,
nurher of makes and models of
vehicles offered for sale in the United
States every year. For exampls, io
Mandel Year 2017, approximately 420
makes/models of passenger cars, trucks,
vans, and SUVs were offered for sale.
The set of vehicles eligible to he used
as tost vohicles will be further lmited
by the height constraint we are
proposing.

We sesk comment on the proposed
vehicle selection criteria. Do the criteria
define a set of stiraudos vehicles that s
so large as to be impracticable or
unnecessacy? I so, in what specific
ways wordd manufactorers find them
impracticahle, or why are they
nnoecessary (f.e., how could the Agency
be confident that glare prevention could
be adequately ensured with a smalier set
of possible stimulus vehicles]? Are the
alternative criteria ruentioned above
preferable, and if so, why? Are there
other vehicle selection oriteda that

o

ah}

kf)

would resull in a smaller set of elig
stirnulus vehicles but that would still be
sufficient to adeguately mscnm inate

between a robust ADB system and a less
robust ALYB gystem?
2. Alternative: Test Fixtures

Wa also considered using test fixtures

instead of vehicles for the purpese of
eliciting an ADB response as part of a
compliance test. SAE [3069 gspecifias
stationary test fixtures {structures
in tended to simulate the front or rear of
1 actoal vebicle} in place of actual
Dhches. It specifies four test fixtures:
An apposing car/truck fixture; an
opposing motorcyele fixture; a
preceding car/truck fixture; and a
preceding motorcycle fixture. The
fixtures are fitted with larmps siroulating
headlamps and t'ﬁihmps. For headlamp
represemaimna, it specifies a ismp
projeciing 306 cd of white lightin a
specified manner and angle. For the
taillamp representations, it specifies
lamps emitiing oo more than 7 cd of red
light in a specified manoper and angle.
The fixtures are fitted with ph ot ometm's
positionied pear where a dover’s eyes
wondd be to measure the light " rom the
ADB test vehicle 8% The lamp and
photometer locations are based on
median location values provided by
i_thb University of Michigan
Transportation Research Insiitote].” 92
SAL specifies test fixtures to reduce fest
variahility and because it considers
stationary fixtures as a “worst case since
some carnera systems utilize (:-ppf)sing
or preceding vehicles movenent within
a scene to identify them as vehicles
instead of other road objects, such as
reflectors on the si ide of the road.”” 8°
There was also a “concern that if the
actual lower beamn headlamps were used
on the opposing vebicle test Bxture the
large gradients present in typical lower
beaum patterns would cavse unmecess:
test variahility,” 88
We are not proposing to use test
fixtures hecavse we have tentatively
concinded they may not be sufficient te
ensure that an ADB system operates
satisfaciorily in actual use. Using
stationary test fixtures as opposed io
dynamic actual production vehicles has
the advantage of relative simplicity and
ease of testing. ﬂ()wovr—‘r, the drawhack
is that it is not realistic. Test fixtures
raay encourage an ADB systero designed
to ensora identification of test fixtures
rather than actual vehicles. This may
nai adequately ensore that the system

-2 and Figures 3 and 2 {opposing
2 and Figures 3 and 4

\yn eceding vehi
S45AR 3 3069, p.a
85 SAE J3069, p. 3
S SAE J3069, p. 4.

SPERO EX. 2023




Federal Register/ Vol

83, No. 198/ Friday,

October 12, 2018

/ Proposed Rules 51783

d with

performs satisfactorily when fe
a wide range of different vehic ies
equippad with lighting differing from
the test Bxtores. In addiiion, 1_0 the
extent that test fixtures differ in
appearance from actual vehicles, an
ADB system would have to be
programmed fo recognize them, which
in g)[’ﬂ(‘ti['%‘ Ynio""-t raake it difficolt o
fune out non-vehicle obijects confronting
Eh-’) systemn in d(,i val use. Regarding
gradiesnts in .ypi(:zsi headlamp beﬂm
patterns, we tentatively believe this will
only affect the repeatahility of the test
if the reaction by the ADB svstﬂm
(“han ges based oo this difference. I this
is the case, the ADB <yster1 will have
this issue in actual use, and this should
not be considerad variability
attribuiabls to the test, but a failing of
the ADR system.

We are also not necessarily confident
that staticunary fixtures with lamps
represented as specified in SAE J3069
represent a worst-case scenaric. Some
ADB systems may have more difficulty
detecting moving dim lights or moving
lights spaced a certain width apart. The
Ageucy welcomes any data relating to
thic. In addition, we seek comin eot on
the extent to which narrowly defined
lamaps can be used to es.abhsb
serformance requirements that
reasonably eusure an ADB system will
recoguize an d adapt appropriately o the
wide range of lighting configurations
permitted ur‘d“i FMVSS No. 108, For
instance, the minimum iniensity
allowed for a taillamyp is 2.0 cd at H-V
and as low as 0.3 ¢d at an angle of 20
degrees. These values are (‘unb-dﬁabiv
lower than the 7.0 cd lamp specified in

i

would likely reduce test variabiity
However, we tentatively believe tha the
variability attributable to the proposed
procedure would be within acceptable
limits considering the previously
described necessity of vehicle-level
testing as demonstrated by NHTSA’s
research. As discussed below jn Section
Vill.c, the variability the Ageacy
observed in the test results between a
stationary lower beam and a moviog test
vehicle lower beam {most applicable in
the straight approach maneuver} seenied
o primarily be caused by the moving
test vehicle not the moving stimulus

P
veh
shicle.

3. Pho

ntammeter Placement

The photometer measures the amount
of light cast by the ADB test vehicle
imhng on the stimulus vehicle. Char
general approach is to place the
photoreter 87 near where the driver’s
eves would be (o measure glare to
oncoming vehicles) or near where light
would strike su ins;ide or outside
rearview mirror {lo measurs glare to
preceding vehm@s).

a. Oncoming Vehicles

Heare the approach is to messore light
cast niear where the driver’s eyes would
be. Below we “(E]d]‘(l owr propesal, as
well as several alternatives.

Proposal

We propose to specify the position of
photometers with vespect to the X, Y,
and 7 coordinates 88 ({2, the
longitudinoal, Jateral, and vertic
placement of the pholometers), With
respect to the longitudinal pesmon we

outside the vehicle, forward of the
windshield and rearward of the
headlamps. Measoring headlight
ilfominance in frond of the windshield
is consistent with the proposed glare
Bmits; they ace derived from the current
glare test points, which apply to light
coming from a headlamp and do not
taks into accound effecis related o the
windshield glass. If the photometer
were placed behind the windshield, t
results might depend on o operties uf
the windshield, which is undesirable
becavse the purpose of the test s to
reasure ADB system performances.

With res p(,a,t to the lateral and verticsal
positions of the photometer(s}, we are
proposing specifving a range of
permissible positions.

Nith respect to the lateral position of
the photometer, we propose locating the
photometer anywhere from the
longitudinal centerline of the stimulus
vehicle over to and including the
driver’s side A-pillas.

With respect to the vertical position of
the photometer, we propose placing it
anywhere from the bottom of th

windshield to the top of the wmi hield,
subject to an upper bouand and & h)we:
hound. These upper and lower bounds,
which differ based ou vehicle
classification and weight, are setout in
the proposed regulatory text and are
reproduced in Table 4. it is not
possible to place a photometeron a
-"andi‘iz:i'e rneasurernent Qh.]"\lll s

gahicle so the pholometer w b() h
b“tV‘/LCH the top and bottom c,f th
windshield and within the app]m.ﬂhe
range in Table 4, then that vehicle
would not be eligible foruse as a

SAFE 13068, Using stationacy test fixiures  propose to mount the photometer(s) stirnulus vehicle.
TABLE 4
Height range {m}
Vahicle classification/weight Mean

Lower bound Upper bound
PASSENTEL BYSE 1ottt s e e s e e e e e e e e e et e e e e e e e e e e e e e e 1.1 1.07 1.18
Trucks, buses, ) 1.42 1.26 1.58
Trucks, buses, MPVs (heavy) 2.33 1.88 2.67
et CaTew o3 Lo TR P P UP PRI 1.43 1.30 1.66

“Light” means vehicles with a GVWR of 10,000 Ib. or less. “Heavy” means vehicles with a GVWR of more than 10,000 b, Heights are meas-

ured from the ground.

27 (r, perhaps more accurat 0]‘7 nhofr)m(’tm
receptor hoads, if, for exam
wred with maul ¢ s was the
case in NHTSA s testing. For ease .'rvooamon the
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tiple ve

discussion in this document ply refors
“photometer” 1o vefer o the test equipment used to
detect the light emitted from the ADH system. In

1, wWe may use muliiple photometers or
receptor heads simultansously.

28 qr’L SAFE J1100 T 2007,
Dimne

]

Motor Vehicle

5.
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The ranges for passenger cars and
light trucks, buses, and MPVs are from
3 19986 Undversity of Michigan
Transportation Research Institute
{(UMTRI) study estimating mean driver’
eve heights based on a s sample of hlgh—

sales volume vehicles snd drivers.89 The
range for heavy trucks, buses, and MPVs
is from a 1990 study based on a sample
of heavy goods vehicles i a 1989
roadside survey in the United
Kingdom.® The ranges we are
proposing are the two standard
deviation ranges.9* These are consistent
with the photometer heights specified in
SAE 73089 for the opposing vehicle
fixtures. SAE 13069 specifies heights of
1.1 m and 2.2 m for the photometers
used to mieasure encoming glare to
drivers of passenger cars and frucks,
respectively. While SAE 13068 specifies
a point, not a range, the poinis it
specifies for the passenger car and truck
driver eve heights are based on the same
means we used to construct the height
ranges for PRSSEAZET CALS A1 d heavy
trucks/buses. (SAE J3069 does not
distinguish bei ween heavy and light
trucks, and appears to use a mean + for
truck deiver eve height that is a slight
dowmward adjustment of the heavy
truck raean reported in the Cobb smdy),

e6 Michael Bivak, ef af. 1996. The Location of
He dd.ar..px and Driver Fye Positions in Vehicles
Sold in the U.5.A. UMTRI-86--36. University of

Michigan, Transport anon Res eﬂrch Institute, p. 9.
Cobb. 1960
Ligh*‘ng 1989. Res
Lampmf Tnmspmt anrl f\ood Res
od i Michae! Sivak, ef al. .
ruck Drl‘ml Lyve Pu sition on the

n 1\3
and Trauspm'dr.ou Oficials
similar values for driv

sight distances. A Policy on (;Dow
Highways and Streets. 20
“AASHTO Green Book”).
passenger vehicles and 2.33
range of 1.8 to fon
pPp. 3-14. The AASHTQ values are based on a 1887
study by the Transpe on Research Board, which
d the values for passenger carg
multipurpose vehicles, and heavy tru

] o jfifi 7. NL HE‘P Ropvm 400:
.‘d D.arar-w‘:

:’hel inafier
.08 m ff_-l

HT0
ands

a5l

. Daniel B.

Program. ve heigl
0 fc-r passenger cars and Lar,
0th pevcentile
port “for PHSSERE
ctively. NCHRP f\cn'n 400. pp. 44»
31 and 33}, The mean values in the NCHRP lopvw
are 1.15 m {passenger cars), 2.45 m {lavge trucks),

d in un%'

on a dynaimic r
1663, they ave ba
1996 vehicles surveyed b

¥ fUMTRJ are b\vm tha

over

driver eve nulgl-lth have ten"{e
time. See AASHTO Green Book, p. 3-14.
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The height range for ruatoreveles was
defermined as follows. The opposing
motorcycle test finture specified in SAE
j;OB(} locates the photometer coinciden

ith the rider’s eye point, 1.3 e above
{h ¢ ground. This appears to have heen
based an the 5th pot(ermw motorcycle
rider ave height of 1.35 mreported in
study that examined motorcycle rider
ye helgh'a in Malaysia.®? We propose
his as the lower bound for the vertical
h —.1gh£ of the photometer. For the upper
bound, we propose using 1.686 m, which
is based on a two-standard deviation
range,*

We i ematwply belisve that the
proposed specification for the
placement of the photometers mests the
need for safety and is practicable. It
defines  bounded area approximatiog
the location of the driver’s (m rider’s}
eves. Unlike a specification for an eve
ellipse,?* which defines a smaller area
more pracisely targeting where the
driver’s eyes would likely be located,
the ]a"x:e area we s}-ﬂd\/ E‘FO\ILL}.Eb a
margin for safety and is easier to locate,
Given that ADB is carr ently designed fo
shade an eniire approaching or
preceding vehicle, we believe focusing
on a small area such as that of an eve
ellipse 1s nint pecessary. Justead, “the
expeciation is that ADRE will reduce any
glare producing light toward and on the
full width of oppesing and preceding
vehicles, thereby providiog benefit to all
cccupants in the vehicle.” % However,
we propose to subject the vertical
placement of the p} otometer to a lower
bound because we recognize it may be
difficuit to design an ADB system to
prevent glaring extremely low-riding
vehicles with correspandingly low
driver eye. heights; we recoguize
because of the Tow height, even ar
FMVSS No. 168-compliant lower beam
might glare such a low-riding driver. We

wm

w

o

hat

et 1

lﬁm is hmﬂd of ’,he mean of 1.43
ted in L‘dvood} et al and the standard

ion reported in ancther paper {117 m}. See
ith, John Zﬂﬂ-\e\ & NJ(} s Rogers. 2B06.
\ Ad‘nng Posture on
Jneaz Dl‘f(’rc'}'* Styles of M otorcyels. International
Motoreycle Safety Conferences, Mmcb 20086, This
paper compares the riding posture (using
anatomical landmarks} of a sample of human tes

5 to the postars of the Motoreyele
Anthropomeiric Test Dummy (MATDH. The paper
reports, among other ‘hmgs the standard deviation
of the vertical loce on of Me test subjects’ 19“

the vertical location of the infraurbita“ relative to
a fixed point.

24 SAF T84, Motor Vehicle Drivers’ Eve
Locations.

95 SAF Ja089, p. 3.

are proposing an upper bound on
photometer ph(‘(‘ nent to Hmit the
conceivable test locations; we also do
nat antficipate E\DB systems would
produce high levels of thooination at
heights above the ranges we are
proposing. Al the sarge tirae, we belie

Ve

a two-standard deviation range captures
enough variation to require the design of
cobust ADB systems We also believe

spocﬁvmg these bounds will ensure

ests are not unduly stringent. H a
candidate stimulus vehicle is such Eh'zt
the'm is no position between ths top an
bottow of the windshield that would Lo
within these bounds, then that vehicle
would not be eligible for use as a
stimulus vehicle.

We seek comment oo the proposed
specifications for photometer
placement. In particular, we seek
comment ou whether the proposed
height range is necessary, and if so,
whether the proposed specification is
sound.

Alternatives to Proposal
We alsc considered alternative

procedures for determiniong the jateral
and/or vertical position of the

hoi.ometm(s‘- to measure encoming
glare. We discuss these below. Note that
these are not alternatives for
determining the longitudinal pasition of
the photon‘etd In addition, for all of
these aliernatives, the vertical position
of the p“f)torre ter(s} would be qxx‘fajo(‘i o
the upper and lower bounds proposed
above.
Alternative 1

We cousidered specifying the lateral

nd vertical position of the photometer
by using a test proceduore hased on that
currently used to locate the approximate
eye position of a 50th percentile male in
compliance testing for the FMVSS No.
111 rear s visihility field of view and
image size requirements. FMVSS No.
111 requires, among other things, a
visuad display of an image of an area
behind the vehicle and specifies certain
requirements for the image. The field of
view and image size test pm(‘(‘dur-zs
locate where eves of a typical driver
waondd be. More s )eclflcahy, they locate
the midpoint of the ayes of a 50th
pera)em*"o male. The test procedure
specifies the eye midpoint by using the
H-point as a point of reference. The H-
point is used in sow‘m] o i er NHTSA
standards ¥% and repre s a specific
landmark near the bxp of a .)Uth
percentile adult male positioned in a
gehicle’s driver seal. It has been used by
NHTEA as well as other organizations in

v U

FMVS35 No. 208, 510.1; FMVSS No.

See. e.2.,

210, 84.3.2.
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the contexi of visibility measurement.
SAE 7826 JULS5 defines and speciﬁes a
procedure, including a manikia {“H-
paint manikin™}, for determindng the
exact location of the H-point in a
vehicle; it <:p(=-"if\-3s the H-point in
relation to the hip location of a dmv

in the driver seating position. The rear
visibility test procedure vses the J828
manikin and procedure to locate the H
poiot. I then uses anthroporaetric data
fromn a NHTSA-sponsored study of the
dimensions of 56th percentile male
drivers ¥7 to locate *lle midpoint
between the driver’s eyes.®® In practice,
a testing laboratory tvp'“'llv uses an H-
point manikin fitt od with a camer
(which 1s needed for the field of view
and image size tests) positioned at the
driver’s eye midpoeint.

We considered a simplified version of
this pm(:edurﬂ to determine the
approximate vertical and lateral
position {the Z and Y coordinates) of the
expected eye position of a 50th
percentile raale driver. The driver’s seat
positioning test procedure in 514.1.2.5
and part of the test reference point
procedure (514.1.5{a)}) in FMVSS No.
111 locates the center of the forward-
ooking eve midpoint with respect to the
i-point. We considered using the Z and
Y coordinates of the forward-looking
aye midpoint to spe(:i fy the position of
the photoraeter in front of the

*mdshm d. This procedure would
locate the photometer approximately
where the eves of an average male driver
would be. Mounting the phoiometer at
different but I’l(,d‘fby i@mtmnb {eg,a
location corresponding to the forward-
locking eye midpoint of a 5th percentile
female} would add additional testing
burden while likely not affecting the
outeorne of the test. This alternative test
procedure would appear to be
practicable. The H-point machine is a
fairly standard plece of laboratory test
aquipment used io other FMVSS and
SAFE standards. Compared to the
proposad test procedure, there would
likely be some additional work involved
in positioning the marndkio, hut this may
not add an exceptional amount of cost
or time to the test, particularly if the
laboratory performing the test already
had an H-point machine, This
alternative might be preferable to the
proposed option i it were determined
ranges utilized by the propesed option
did oot have a sonnd basis.

1
i
13

%7 L.W. Schueider, D.FL Robbins, MLA. PfiL
R.G. Snyder. 1885. Anthropometry of Motor s
Gecupants; Voluwme 1-Procedures, Summary

Findings and Appendices. National Highway
Traffic Safety Administration, DOT 806 715

28 Sea gonerally 75 FR 76232,
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Altern

As another alternative for specifying
the laderad and vertical position of the
phatometer(s), we considered oltaining
from the manufacturer of the stimulus
vehicle the coordinates of the m;dpf)im
of the 50th percentile male’s drivers
eyes, We believe most vehicle
manufactorers would have this
inforruation and could supply it fo
NHTSA. The purpose of this would be
to save the Agency time in doing the
test, perhaps if an H-point machine
were not readily available. While there
would be some difference bstween the
photomeier location compared to
Alternative 1, we helieve such relatively
smaﬂ changes would not meanin 3
affect test ootcomes. f a manofaciurer
desired to canduct testing followiog
NHTSA’s test procedures, it could use a
stimnulas vehicle it manofachures, or, 3f
it desired to vse a stirnulus vehicle
manufactured hy another manufacturer,
it conld potentially obtain inforraation
frorm the mamifacturer of that vehicle.

alive 2

-

Alternative 3
We also considered, as an alfernative
for locating the pllotom eter with respect

to the 7 and ¥ axes, us ing SAE 1941
JAN2008, Motor Vehicle Bivers’ Eye
Locations. This document describes a
procedore for jocating a mid-centroid
driver’s eye ellipse. We terdatively
concluded that, for purposes of
Lomphdncp testing, J491 would not
provide an easy enough to follow
procedure; we believed that it would be
easier to use the H-point machine
instead.
Alternative 4

As a final alternative for locati
photometer laterally, we considered
specifying the test p]‘(\(‘edu"e uch tha
NHTSA could place the p}mm neter
anywhere from the driver’s side A pillar
up to and including the passenger side
A- pﬂhr Phis would give an axira
margin of safety with respect to glare
direcied at the driver and would also
ensure passengers are pot glared, Or,
photometers could be positioned at the
geometric center of the windshield,
which would Himit the range of testing.

We seek comment on the desirability
of each of these options, whether we
should adopt one, or multiple options,
and the relative merits of each.

h. Preceding Vehicles

For probbd‘n'r rehicles, the safety
concern is the ADB system cou d glare
the driver hy shindog excessive ght
onto the inside or outside rearview
mwirrors. To measuore glare on the oulside
rearview mirrors, we propose placing
the pbotometer anywhere againsi or

diref‘il‘y adjacent to the migor’s
Hlective surface. To measwe glare on
the inside rearview mirror, we propose
placing the photometer on the outside of
the rear window, 1'3L(3r'ﬂ]y and vertically
aligned with the interior mirror. We are
not pmpo%*nﬂ more detailed procedures
for placing the phoiometers because the
locations of the mirrors themselves
largely determine the placement of the
phoiameter, zmd we do noi expect test
rasulis 1o be affected by smaldl vadations
in the pl aﬁ(ﬁment of the photometer. We
seek comments on this aspect of the

proposal.

4. Photometers and Fhotomeiric
Measurernents

We propose that in compliance
testing, NHTSA wouold use a sampling

rate of at least 200 Hz when e urding
test data. We would sample over all the

distance ranges for which we are
proposing a corresponding glate Tiruit.
Hiuminance meter and data acquisition
equiproent would be configured and any
necessary steps would be taken to
isolate measurement of the light emitted
by the ADE test vehicle. We seck
comment ou the appropriateness of this
minimum sampling rate, as well as
whether a maximum sampling rate
should he specified and, if so, what it
should be. We also seek comment on
whether there are other aspects of the
photametric equipment or
measurements that should be specified.

For each {esi run, iHominance data
waondd be continuously recorded as the
ADB vehicle approached the stimulus
vehicle through the range defined for
the specific test scenarin being run. This
inter-vehicle distance is measured from
the intersection of a horizontal plane
through the headlarap Hght sowrees, a
vertical plane through the headlamp
light sources and a vertical plane
ﬂ)mugh the vehicle’s centerline to the
forward most point of the relevant
photometric recepior head :noumed on
thv stirmaddus vebicle.

In d?ter'mmng the set of recorded
Bluminance values we would look at
within each distance interval o
determine compliaoce, we proposs to
use the recorded values starting with
{and incloding) the first recorded value
up to and incl uding the last recorded
illuminance value in each distance
range. Any recorded ilominance values
in a distance interval greater than th

splicable glare Hmit for that distance
would be considered a test failure,
provided the value is not a small spike.
Valuas ahove the applicable g‘iaro it
lasting no longer than 0.1 sec. or over
a distance ¢ range of no longer thun 1ra
would not be considered test failures.
This allows for electric noise in the
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phoforaeters as well as momeniary piich
changes of the test and stimulus
vehicles caused by bumps in the tes
track.

The proposal differs from SAE 13069
For purposes of dgtgrmming whether an
DB sysiem coraplies with the glace

mits, SAFE 73069 considers only
uminance values recorded at
distances of 30, 60, 120, and 155 meiers,
instead of sampling multiple
ilurninance values within these
distance ranges.®® Because an oncoming
or pr(‘m)d ing driver could be glared
suvwhere from 15 w 1(- 220 m, and
because the real test of an ADB system’s
performance is how ii’ opearates over the
full distance range within which it may
be glaring other drivers, we tendatively
conclude it is necessary to sample
illuminance V-aiues throughout this full
range, and not siraply evaluate ADR
sysiem p mi‘ormd 1ce at the four distance
points at which the derived glare Hmit
Chan%s Recause we are sampling
Hurninance within these ranges, there
is 0o need to use interpolation. The
Agency would look un] v at these
recorded valnes and o 3t interpolate any

values in evaluating con‘piiancc We

esk coroment on these aspecis of the
prnpmal in particular on whether there
are any safety impacts in (‘hoog ing the
p(,powci test over the SAE approach.

e

5

[

‘.
i
¥
X

[
s

1. Considerations io Determaining

Compliance With the Derived Glare
Limit Values

The lower beam photometric test
points in Table XIX of FMVSS No. 108,
from which the proposed glare limits
are derived, apply to direct luroination
from a headlamp. They do not include
ambient light or reflected light from the
road suefare or si gns. An hient Light
refers to light 9rtmted from a source
other than ths) ADB sysient. This
includes moonlight, Hght pollution from
nez-lby buildiogs, or light corning from
the stimudus vebicle. Reflected light
refers to light from the ADB vehicle’s
headlights reflected off the road or other
surface into the photometer{s) on the
stimudus vehicle.

We propose to accound for fight frorg
these sources in a couple of ways. To
minimize ambient
testing oceur when the ambient
iflumination recorded by the
phoforaetars is at or below 0.2 lux 299

ordsd ata
an
3 iihminance

22 If thers is no illuminance value
fed distance, \JAL Bbbq vpec‘

snml be activated or any
present and should be
1 other sources of light, r ted or
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Hght, we proposs that

We ace also proposing the test only be
conducted on dry pavernent as well as
pavemen‘ that 1s not bright white to
avoid intense roadway reflections.
New ritheless, some ¢ ie.ﬂ;rr‘e of arabient
light is unavoidable. Accordingly, in
testing compliance the A!;%‘ﬂ(“’ will zero
the photometers with the stimulus
vehicle’s headhghhmg system on and
the stimnlus vehicle in the orientation
it will be doring the test (for ex:
facing east}. If the test involves a curve
such that the orientation of the stimulus
vehicle changes during the test, the
photometers will be zerced in the
direction o
There are raore finely geained ways to
measure ambient illumination. For
driving scenarios in which the stimulus
vehicle is raoving, we could, for
example, dynamicaﬂy measure ambient
illuminance by driving the stimulus
vehicle over the test course and
continuously recording ambien
illuminance over this run. We have
tentatively decided this wounld be
unnecessary because we are not
proposing to use any roadway
ilumination. We do oot anticipate
arabient Thoainatinn will vary
significantly at different points on a test
course section used for a parbicular
driving scenario. We have tentatively
cic.ddcd there is no need to further
adjust the roeasured Hluminance values
to account for reflected light from the
ADB headlights
We note thai FMVES No.
unusual among the FMVSSs b
requires that '1ghi ing ﬂqmp‘n ent be
“designed to conforny” to relevant
requirements, as opposed simply to
comply with relevant requirements. As
we have explained in the past, when
NHTSA mmal]y proposed in 1966 that
lamps “comply”” with FMVSS No. 108
industry rep esented that it could not
manuvfacture every lamp to meet every
single test point withouta substantial
cost penalty unjustified by safety.
NHTSA accepted this argrouent. En
adopting the standard, the Agency
specified that lamps be designed to
cornply or designed fo conform with the
applicahle photometric specifications
On a number of occasions since,
NHTSA has stated that it will not
consider a lamip to be noncompliant if
its failure to mest a test point is random
and occasional. Thus, historicaily, there
has never hesu an absolute requitement
that every motor vehicle lighting device
meet every single pholometric test point
to compl \,7 with Standard No. 108,10
Lighting eqoipment design, technology,
and marnfacturing have evolved and
advanced since the late 1960’s when the

‘5:‘3
pec

use it

1M See 82 FR 63471

& {Nov. 28, 1867).

of the maximum ambient light.

Agency initially adopted the design to
conform language, hnd it n‘av' e
arguable v whether the Agency wonld
come to the sarae conclusion were if fo
revisit this issue. Such matters are
beyond the scope of this culerasking
We simply niote that we are proposing
to extend the design to cooform
language of the corrent FMVSS No. 108
to the proposed "equumnents

There are ather adjustments to the
reeasured ilominsoce v 'ﬂue*; we could
potenti "i]v make, but we have
tentatively decided not to propose.
P\ HT %A roquoshs comment on the

tch correctinn be
dddrbssr\d d re cﬂv or are the
momentary spike provisions encogh to
meet the goals of this rulemaking?

¢ SAE 13089 allows a 2.5 sec reaction
time {L.e., a glare Hmit may not be
exceeded for more than 2.5 sec),
motivated by the “sodden appeacance of
an oppesiog or preceding vehicle due to
acr PStlh,j hill, a vehicle 9nfprinﬂ a
roagway, ete.” Should the Agency
consider such a :edcton time
requirement in the reguiation?

& Should the Agem,.y specify specific
photonietry equipment and/or filtering
basad on the test vehicle’s light source
technology? Should the Agency specify
different equipment to test HID,
halogen, LED, or pulse width modulated
headlamps?

-

iv. Additional Test Parameters
1. Test Scenarios

W re PrOpoOsing @ ve iei,y of different

cenarios the Af@nbv would be able to
un to test for s‘uznpl ance. Scenarios
would be specified in the regulatory
text. For each scenadoe, we specify
speads of the ADB and stimulus test
vehicles, the radius of curvature of the
track, the superelevation, the orientation
of the ADB and stimulus test vehicles,
and the particular vehicle mansuver
tested. Values proposed for speed,
radius of curvature, and superelevation
are consistent with a standard formula
used in road design specifying the
relationship betwesn these parameters.
The formula, referred to as the
siraplified curve forraula,

15R
where T is the coefficient of friction, V
is the vehicle Q}med F is the radius of
narvaturee, sod e is superelevation, 102
The proposal specifies vehicle speeds
of up to 70 mph, depending on whether
the test track is straight or corved {aund
how tight the curve is}. We proposs to

02 AASHTO Green Book, pp. 3-19 to 3-20.
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use speeds up to 70 maph when testing
on A straight track. We believe an upper
limit of 70 mph is reasonable because
freeways and other arterials frequently
have speed Hmits this high. We helisve
that for an ADB system toc operate at a
safficient level of safaty it should be
able to operate at these speeds, hoth
because these speeds are typical of real-
world driving, as well as becausse safety
conceruas regarding glare are magoifiad
at higher speeds.

We propose using a straight track or
a track with a radius of crovature from
320-380 ft. (for vehicle speeds of 25-35
mph}; 736-786 ft. {for vebicle speeds of
40-45 mph); and ]1@0-—-] 300 ft. {f()r
speeds of 5055 mph). The first range of
radios of corvature corresponds to
(approxi*n ately} the smallest radius of

urvature dppro riate for a vehicle
ha\ielmb 25-35 mph; these sp9eds
roughly correspond fo the mimdmum
speed for which we propose to allow
ADB activation. The second range of
radios of corvature roughly corresponds
to the higher ADB minimum activation
speeds of some of the ADB-equipped
vehicles the Agency tested. Finally, to
evaluate ADB pedformance at higher
speeds, we are proposing an 1100-1300
ft. radius taken at 36-55 mph We
terdatively believe it is important o
include actual curves because curves
may present engineering challenges to
ADB systems. For example, in oncom

sifuations, a curve prgsonts an
engineering challenge in that the
opposing vehicle appears from the edge
of the Leld of view at a close dmtdnco,
in a tight curve, an oncoming vehicle
will enter the camera feld of view at a
closer distance than in a larger-radius
curve. Performing adequateiv n large-
radios curves at relatively high s ps)ods
preseots a slightly different eogineeri
challenge than performance on tight
curves at fower speeds.

We also Propose superelevation {i.e.,
the degree of banking of the trackj of ©
tn 2%. \’\l ¢ atterupt to mindmize the
degree of banking because photometry
design as well as the existing and
derived glare Bmits are based on flat
surfaces.

We ace proposing ihree basic
raanenvers for testing compliance.
These are oncoming {whe"ﬂ the / ADB
and stirnulos vehicles approach each
other traveling in opposite directions);
same direction/same lane {(where the
stimulus vehicle precedes the ADB
vehicle in the same lane); and same
direction/passing {where the stimulus

vebicle begins bebind the ABB vehicle,
in the adjacent lane, and then pass es thﬂ

ADB wb\( le from either the left or t
mgnt). During sach of these maneuy &I‘b,
each vehicle would be driven within the
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,

>-1"

]an : and would nof chaoge lanes. For
each of these types ol manenvers, we
specity the stimulus vehicle speed, ADB
vehicle speed, radius of curvature §if
Le*"ing on & curve), and superelevaiion
wi th which the Agency may test.

The proposal differs sigotficantly
from SAE J3069 in several respects.
First, as discussed above in Section
VIILb.ii, we are proposiog to test with
actual vehicles and not simply test
fixtures. Second, this proposal
effectively tests at higher spae ds tha
SAE 13069, SAE 13069 specifies a
minimum speed (above the ADB
activation threshold speed) but does not
specify waxirourn speed. Because some

of the prnpobcd testing scenarios
employ a moving stim wilus vehicls as
WGH as a moving ADR vehicle {at speeds
of up to 70 mph for hoth)}, the proposal
would require a faster reaction time
from ADB systeros {and, as discussed
earlier in Section VIILb.iii, we
tentatively decided not to Ahdudzl a
reaction firoe allowance). Third, the
proposed test scenarios include curves,
SAE J3069 specifies a straight track and
accounts for cuocves bv specifying test
fixtures up to twao lanes to either side of
he ADB test vehicle, so that “ina
straighi-line encounter, an ADB must
ontinuously track the angular location

f an opposing vehicle as that '\ngul'\:
position becomes progr easwely urther
fr nm the center of the camera’s field of
view with decreasing distance to the
opposing vehicle.” We tentatively
believe it is imporctant to test on curves
because the safety effect of glare could
be magnified when a vehicle is
Wavplhno at speed on a curve. In
addﬂglon “the Agency’s testing revealed
that existing ADB systems mav not
always apprapriate Iy shads oncoraing
VGI.HJ‘ES in curves; we believe itis
impertant to include this scenario to
ensure that ADR systems operate safely.
We seek comuments on these differances,
including the b‘dft}[:\] anact of adopting
the proposed test versus the SAE
standard.

The Agency has tentatively concluded
{ at these proposad test scenacios are

objective and sirike a reasonable balance
be ween satety and pract*cability. The
proposal mduds)s realistic vehicle
speeds, interactions, and r@ad
geometries. We helieve it is no
unreasonable to expect an ADB systent
o avold glaring other motorists in these
scenarios. We c\mmdered, but are not
proposing, a broader sel of scenarios
and/or test parameter vaduoes (e.g.,
add thn.ﬂ mdu of curvature, testing

stimulus vehicles). This
‘=owe>d the Agency to test
r degree of realism.

D oW o

would have ¢
with a greater
However, a hiroader range of test

stenarios may have jed to less
confidence in the repeatability of test
results. In any case, we tentatively
believe that ihe proposed set of
scentarios is sufficient to provide a
minimum }evel of safety; they include a
braad range of actual vehicles on a test
frack 1ravnimg at {up fo) highway
speeds, on curved and stra ght road
segments.

At the same time, we tentatively
conclude that the scenarios we are
proposing are practicable, although
sorue scenarios might be challenging for
some ADB systems. The Agency’s
festing indicated that the ADB svstems
we tested g generally performed well oo
straight mhdb, for oncoming and
praeceding glare 20% However, we did see
sorae exceedancas for a stationary
stimulus vehicle in this scenario,
suggesting a stationary oncoming
vehicln may be more difficult for ADR
systems we tested to handle.r24 ADRB
systeras also generally performed well
in shading preceding vehicles on
curves. We observed that ADE systems
we tested had difficudties stayin ; Wiih B
thp glare limits on curves for oncoming

vehicies. 105 Tt may be thal on a curve the
stimulus vehicle coincides with larger
hodzontal angles of the beam pattern
where the infensity of light ma
higher. Aﬁm"dmol\/, it may be pobmb]e
to des ign headlamps so the intensity of
Light at these wider ang';m is brought
down to the proposed glare Hroiis.

Additionally, 1t might also be the case
thai ADB systems expedencing test
failures are not able to view, classify,
and adapt to an oncoming vehicle
through a curve in a realistic high-speed
interaction. The Agency’s research
includad testing on varions curves, but
of paftluﬂlaf applicability to this
proposal are tests conducted on a curve
with & e 3(1111& of 764 ft. at 62 ruph. As
shown in the research report graphs, 190
the ADB systeras we tested were unable
to react fast enough to avoid providing
glare well above the sarae vehicles
lower heam. As part of this proposal, the
Agency considered the real-world
significance of this situation and
recognized 62 mph is unusually fast for
this radius of curvature. Accordingly,
the Agency is proposing a lower speed
{40-45 mph), which mote adequately

reflects the 1ypi"a} speed most deivers
would approach this type of curve.

We found that some vehicles
performed well in all passing mansuver
scenarios, while other vehicles did not
perform as well in certain passing

o

v he

Y id atp. 192 (Fjg. 34).
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scanarios {for examaple, the Audi
produced high levels of glare in straight
and right curve passing maneuvers).® 107
We found that the ADB systems
generally perforrued well with respect to
oencoming motorcycles, but produced
excessive glare in & scenario involving
a preceding motorcycle, 108

There are some common scenarios we
considerad but are not proposiog o test
because we recognize that current ADB
systems could not reasonably be
axpectad to permrm well, or the sy might
be difficult to specify to ensure
repeatable resulls. For ex nple the
pmposal does not in bluric testing ADB
perforruance w } 10 approaching a
vehicle at an intersection oriented
perpendicular to the ADB vehicle’s
direction of travel. 19¢ We have
tentatively decided not to include this
scenario because NHTSA s testing
indicated that existing ADB systems
would have a difficult time Lompl‘« ing
with this, and we believe the magnit udo
and effect of glare in this situation
wouold be relatively miniraal because the
vehicle illuminated by the ADB system
would be stopped or preparing for a
stop. Exz:mpkr; of other scenarios not
proposed are testing with rrulb'pIe
stirnulus vehicles; pr‘iﬁ)n ing more
r‘ompl icated vehicle maneuvers; and
parforming on dips or hills {this is
discussed below in Section VIILb.iv.5)

We seek corament on all aspects of
the proposed test scenarios. Is 70 mph
an appropriate maximum speed? Will it
he practicable for manufactorers to run
compliance tesis based on these
proposed fest proceduores, if they so
choose to do this as a basis for their
certification?

2. Lane Width

We also propose that any test track or
road we use hi\vo a lane width from i0
feet to 12 fest. The Federad Highway
Admirdsteation classifies roads by
functional types: Arterials, collectors,
and local roads. 11¢ Dasign speeds ou
arterials and coliectors :angc from about

197 id. atp. 1
wa fd, at p. '73
we ADB Test R
e S‘

lhgnway Adn mst*ah {
availoble at f':ftps://m W, fhw

'7' 7. Arterldla
vs) genervally handle
and disperse
level roads;
on to homes,

high levels of mob1 ty and
'hp Opoosjta is e fm local re
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20 mph onoup; 111 because these roads
genarally provide enthanced mobility, it
is reascnable to believe speeds are
generally higher than this. Design
speeds for local roads are generally
lower, ranging from dbout 20 to 30
mph.t12 ADB systems are typically
desig ;_;ned to activate at @pm‘ds ahove
typical city driving speeds; activation
speeds of Vehmles “ested by NHTSA
ranged frora 19 1o 43 raph. Thus, ADB
systems could conceivably be used on
1 types of roads, although ADB would
e less likely to bie used on local roads
t least in urban settings).
While 12-foot lanes are standard on
arterials such as interstates and
expressways, a sizeable prnpo"tl on of
collectors and local toads {as well as
other types of arterials} have parrowsr
lanes. Arterials and collectors together
make up approx:mate"v one-third of all
rosdways. 213 About 55% of acterials and
collectors have 12-ft. lanes.11 However,
ahout 33% have 10 or 11 ft. lanes.115
Local roads account for approximately
two-thirds of all roadways. 15 Local
road widths generally range from 8 to 10
{1117 NHTBA s testing was conducted
on several different track configurations
with lane widths of ¢, 10.5, and 12 feet.
We tentatively helisve using lanes
with widths from 10 feet to 12 feet
wounld be adequate to cover a sufficient
raage of road widths the ADE would
encourtter in the real world. This would
allow lanes narrower than specified in
SAT 13069, which tests on a 12 foot
lane, but is consistent with the
Insurance Institute for Highway Safety
headiight testing p*u.ueu], which nses a
iane of 10.8 {t.215 We believe that using

i
}
1

’3"::‘.5:

o]

1L AASHTO G
AASHTO Green Boak p r)—[ { ( bav
HFCC 1. 43 {axterisls); AASHTO Green Boc
2 (vurs ; AASHTO Green Book, p.
(urban art, i d *armps an be ssed

to describe a road- 2.8 ating speed, running
speed, speed Hmit, and design speui The
d]rcussm'l here focuses on design spead, which is
ed to determine the various

. and}
ue in this speed

(G Green Book, pp. 2—

call; p.

5-1% iurban i le
fighway Stat

cs 2014. Depariment of

, Federal Highway Administration,
&ftps:/ fwww flova. a(»t t.gov/
ff,mmfm,l/ sta i

citations to
way Statistics,
We mn:-idel arterials and collectors together and
from local roads because of the way the
orted. If the analysis were based on

iles traveled, th it would likely be
ar. See HFCC pp.

adlight Test and Rating Protocol
{(Novewmber 2016}, p. 5 {3.3 m).

the proposed raoge better reflecis the
range of lane widths on roads » fbo g
ADB would likely be used. The less the
lateral separa i 3-

n belweern the A
equipped vehicle and either oncoming
or preceding vehicles, the greater the
glare risk {@lthough differe neas in latecal
separation of only a couple of feet may
not be expected to have a material effect
on the amount of glare). At the same
Hme, we do not believe it 1s necessary
to use lanes narrower than 10 feet
because at the speedQ at which ADB is
operational, fane widihs would not,
typically, appear to be nnder 10 feet.
Narrower lanes might also affect the

safety of ronning the test.

3. Number of Lanes, Median, and Traffic
Barriers
Wae propoese to test using two adjacent

lanes. The effects of glare decrease as
the angle between the glare source and
the chserver increases. Accordingly, the
glare risk is most acute on 2-lane
roads. 118 A properiy-funciioning ADB
svstem should he rnpd}"‘lo of domct‘nﬂ
and not glaring vehicles in non-adjacent
lages. However, we tentatively co "(‘ludo
that if a system detects and avmd%
glaring in same lane and adjacent lane
scenarios, additional lanes will likely
not affect test outconies. A median of 0
to 20 feel may <~x,pa(dio the {wo lanes.
The median may include a harrier wall,
but the barrier must not be taller than

12 inches less than the mouuhn;_, height

of the stimulus vehicle’s headlamps.

4. Road Surface

We propose that the road surface he
of any material {¢.g., concrete, a*;; hali,
ete.) but shall niot be bright whit
Avelding a bright while road surface
will assistin hmltmg the effects of
ambient and reflected light.

We follow SAE 13068 and specify that
the read surface have an International
Roug hr‘ 33 Index {IRT) of less than 1.5
m/l\x 1.12% The TRI is an internationally
recognized raeasure of road surface
roughness; the lower the IRI value, the
sraoother the toad, with ant IRT of 0
corresponding to a parfectly smooth
road. A smooth road is important for the
proposed test because an uneven toad
surface can cause the ADB-equipped
vehicle to change pitch, which can jead
to anomalies or spikes in the
illumninance measurements.?2! This
could lead an otherwise corupliant
headlight beam to exceed the glare

ress, pp. iv--v.

T1ST
15L

- /\F ;‘s-)rﬁ 7.1
121 bse ;ohr- D. BuJo

A daptive
SAE Tech ]
2016-01-1408, p. 2.
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Hmits. (The photometey requiremends
and the Jower beam patiern are based on
a A)ommmy level vehicle headlighting
sysiem; an increase in vebicle pilch
shifts the heam pattern up, uv.hrb could
gld‘"c onComing or pracodmg vehicles.}
An Bl value of 1.5 corresponds to a

newly paved road without any potholes,
pitting, or bumps.222 The Federal
Highway Ammmth o classifies roads

with an IRI less than 1.5 as “Gooed,”
those with an IRI frmr 1.5t0 2.7 as
“Faie”, and those with an IR greater
than 2.7 as “Foor.”” 123 Approximately
37% of pavement miles on Federal-aid
highways were rated as having “Good”
ride quality in 2012.124 This suggests
thﬂ proposed IRI value is realistically
achievable on a test track hecauss itis
realistically achievable cu the much
less-controlled environments of actual
raads. The vehicle test facility at which
NHTSA conducted iL<; testing reg m(.rly
measures the IRI of at least some of its
track surfaces and has genecadly found
them to have IRI values within the
proposed range.

5. Grade of Test Road

We propase to use a road
approximating a uniform, level road,
with a longitudinal grade {slope) not
exceeding 2%. We are not proposi ing to
test on sloped {ddi ipp ed or hilly) roads.
Even headlighis with compliant fower
heam photometry can glare onconiing or
preceding vehicles on sloped roads
bacause the hill geometry may place
that vehicle in the brighter portion of
the lower beam pattern. NHTSA's
testing was consistent with this,
showmg ADB headlights and FMVSS-
con‘piiant lower beams glared on COH’AL{
and preceding vehicles on roads with

122 Michael W. Sayers & Steven M. Karamihas.
1898. The Little Book of Frofiling. Basic
Information About M @asmmb and Interpratin
Profiles. Jnu 1. p. 48,

1232915 Status of the Nation’s ITighways, Bri dgLJ;
and Transit: Conditions and Performance,
Congress, D(demﬂ of Transportation,

g Road

Administration, p. 3--4, aveileble at | frps '/
waww flrwa.dot.gov/policy/2015cpr/ pdfs.ciin {last

1.g

SCCV_"SLlj Sept. 26, 2018).

appear to use similar
rie s

e Whh an JU frowm
G5 o 6 to bf‘ ‘Good.” Approximately one third
of interstates in Virginia were rated Excellent, and

halfwere rated Good. Vug]'na Department of
Transportation. State of the Paveme 16, op -

V. available at http/fwww.virginiadot.crg/info/

19 Pavement 20186. mn:last
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53,225 Tt would be neither practical
nor consistent with the apProac of this

lemaking {extending the exmmo
1(,woi beara glare requitements {o AnB
systems) to require this performance of
ADB systems.

¢. Repeatability

The Agency has collected extensive
testing data and 1s docketing this data.
The Agency has done several dniorort
dnalwm, of this data to assess the

repeatability of the proposed
compliance test.

One method is pooeled standard
deviation.?26 Same-direction and
oucorning curve scenarios tended o
have the smallest maximum pooled
standard deviation values across all four
distance ranges. Also, maneuvers
involving the stimulus vebiole {also
reforred to here as the “DAS” vehicle)
being stationary tended to have smaller
pooled standard deviations. This was
especially true for curve maneuver
scenarios in which the DAS vehicle was
stationary, likely because of the short
pmlod of tirae 3o which the test
vehicle’s heading was in the divection of
the stirsulus vehicle.

Another method is visual analysis of
data plots frorn each scenario the
Agenuoy tested.?27 These plots
demonstrate sach run collected data
such that the overall shape of the curve
(iluminance as a function of distance}
is consistent across each test repelition.
In most cases, the deviation between
data collection runs is small, and for
those where latger differences oceur,
differences can be reasonably
atiributable io faulty sensors or lack of
igorous aq.ﬂpmcnt configurations for
he particaiar situation such as the
notoreyele photometers were ot
mounted on the motorcyele itself but
were on a car positioned neathy (these

o v

=3

125 ADH Test Report, pp. 102, 108, 114,
128 ADB Test Report, pp. 138-146. The pooled
i s a weighted mean of variances of

3

c Orr;bmatu)r Lu:. ignoves differences in wmesn
valuss for different groups and compares only the
Val]’l")hlt’ within the groups. The poocd standard
jon is the squsre voot of this. Standard

ng calculated by compar aL values to the
cverall mean ars ]arg(’r be } lculation

deviat

sxanddrd demauu-i memod of mea urmg
i asures how well
other of the sam
to each other for any test vehicle even i be means
for the different test vehicles are different.

127 ADRE Test Report, pp. 147-162.

data are useful for other Bodings bul not
for evaluating repeatability). Finally,
these plots allow us to evaluate the
extent 1o which the variability wi
the test itself can be 1‘easox1ably
accouoted for in the basic design of the
ADB headlighting system. That is to say,
this methoed allows the Agency to
evaluste the magoitode of noise withio
test results as compared to proposed
liraits. The method of visual analysis
further supports the Agency’s tentative
conciusion that the proposed test
provides manufacturers with adequate
netice as to the results of any

compl ismr'e testing 'hn Agency may
conduct on its produc ihe Agency
seeks comm\,:d on thib analysis and
these tentative conclusions.

Fis

The Agency further examined its
research results to understand the
validity of the tests. This examination is
part of the basis for which the Agency
has confidence the proposed tests can
gensrate ace ¥
distinguish between an ADR system that
is likely to expose others to oxrgsswr\
OLam and an ADB system that will oot

Table 5 shows results of NHTSA

reasuremenis in the baseline {static}
couditicn in which we would expect the
photonietry to be the least influenced by
unconirolial )IP {factors. This is the most
hasic progression beyond testing
headlamps outside uf the typical
photoraetric ]( b used in raost regudatory
test procedures. As a general
observation, we note the mean of each
static measurement is below the
proposed g;zn e Bdts for each distance
for a lower beam hsz.dh.&;bh ng system.
We also note the upper beam
iHomination at 120 meters is higher
than one would ﬂxpect for an FMVES
headlighting systemy; however, we also
nete all four of these vehicles were
originally designed to the UNECE
standard, which allows for considecably
higher intensity upper beam headlamps.
Consistent with the inforraation
provided o us by the vehicle
reanufacturer, the Mercedes-Benz and
Audi vehicles” upper beam headlamps
appear to be within the FMVSS upper
beam maximoumn Umit while the other
two vehicles are likely outside of this
Jimit. While we were unable to do a
standard laboratory photometry test on
these headlamps, these data provide
coufidence NHTSA measuremends are
reasonable.
BILLING CODE 4910-69-P

urate results and adequately
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Table 8

Baseline Measwred [luminance Values by Headlighting System Mode and Ambient Conditions (Receptor Head 1),

Small DAS

Audi A8 BMW X3 Lexus L8460 Mercedes-Benz
DIAS Vehicle Headlighting

(n=3) (n=3) {(=2) E350 (u=3)
Vehicle System Setiing
Distance Average Average Average Average
Heading S SD SD Sb

ADB DAS (lax} {lux) {iux) {Jux)

, OFF OFF o i - i o T
WA 0.01 004 {000 0.01 | 600 0.00 | 6.00

<
=)

(ambient} |(ambient)

NW OFF LOWER | 047 0.03 (.52 0.03 | 049 0.02 0.46 6.01

30
e LOWER [LOWER | 1.41 0.57 2.02 0.06 | 159 0.10 1.74 (.05

{98 ft.) LOWER {OFF 127 0.04 1.51 0.10 | 1.09 0.08 1.27 65.05

UPPER. (OLT 31.48% 0.05 31.48% (.02 | 31.48% .07 31.50% 0.05

60 m LOWER {LOWER | 0.95 0.00 (.58 0.04 | 0.80 0.02 0.97 $5.03

NW TOWER |OLT 647 D02 1037 0.03 | 030 002|048 605

=y

L
AT
[

4
(197 {t) - '

- JUPPER  |OFF 30.77* 1.5 31 49% 0.01 | 31.47% 0.01 22.95 5
120 m LOWER JLOWER | 0.71 0.09 0.60 0.03 {8356 (.01 (.04 0.05

NW TOWER |OFF 026 0.05 1010 0.0t | 010 003 |15 501

(394 11
‘ UPPER. |OrT 10.87 D4R | 1483 028 | 1692 175 | 667 INE

) OFF OFF ) . . . ) ) .
N/A ’ G.03 0.03 0.12 0.07 {007 0.07 0.02 0.01

{ambient) |(ambient)

S¥ OFY LOWER | 6.53 (.03 0.72 0.10 | 0.59 0.07 .52 0.03

30
e LOWER {LOWER | 1.73 0.08 1.93 022 | 168 0.08 .83 (.03
3

(98 11.) LOWER {OFF £.23 (.09 1.4} .18 | 1.15 0.08 1.33 0.03
UpkER (Y 31.48% 0.07 31.46% .00 | 31.48% 0.01 31.50% (.04

60 m LOWER {LOWER | .96 (.03 1.00 013 | 0.90 0.07 .98 0.01

SE . . LOWER [OBY .41 0.10 0.47 0.08 | 038 (.06 (.48 (.01

{ L
: - |UPPER  |OFF 28.69 (.56 3t4e® 0.00 | 2976 191 21.20 345

120 m LOWER [LOWER | 075 0.03 0.74 (.12 (.06 43,77 (.10

)
P
3

[

St o LOWER {OFF (.23 (.05 (.23 0.08 | 0.1 0.07 0.23 0.03

~

UpkER (Y 10.73 0.31 13.96 144} 16.9] 2.05 6.85 1.05

*Note: Trials averaged to obtain these noted values include at least one instance of measurement clipping

because of raw illuminance level data exceeding the measurement range of the illuminance meter.
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Table 6

Average Maximum [luminance by Receplor Head © Static and Dynamic — 3
)
&
aight, Curve, Adjacent Lane Mancuvers with Small DAS Vihice 3
=
Audi BMW Lewis Mercedes-Benz g‘
&
w
Lower Besm Lower Beam Lower Deam Lewer Beuin -
4
Maneuver Range Glare Limat Buselive | % Uynamic | Bascline dvnarme | Baschne | % Pywamie | Baseline | % =
Yo DY =
Seendrio (151} (luzx) {n-3) u-3) Inny (1~3) (=3 =3 {1=3) Bily (-3 (=3} Inil &
ot Naot Mot Not 5
S~ 15299 3109 163 2.5% 147 227 i
b N N \ .
° Reported Reported Reported o
&
DAS ®
30-55.9 1776 0.74 127 -42%% 201 1.51 33%% .94 1.9 ~14% 1.03 1.27 ~17% =
N
mpi, ADB &
6U-119.¢ 035 0.47 -26% 0.29 0.37 (.33 .30 [0% .36 048 -25% =
42 mph o
120-2399 (.281 018 0.26 0.03 010 -70% [ERE G610 40% .15 .15 0% é—
&
Hot Neot Mot Hot =
Sizaieht 15.25.9 3109 150 o8 173 270 2
iraigh >
N Reported Reported Repaited Reported ‘N
DAS 62 =
1776 Q86 127 -37% .00 1.51 &% 106 109 ~3% {95 1.27 -23% @
a0-110.9 0.034 045 047 ~3% 0.29 0.37 22% 030 £3% (.36 0.4% -25%
62 mph
G281 .23 0.26 12% .03 0.0 ST 043 10 50% .15 (15 %
ADR Nt Mot Not Mot
15-24.9 3109 1.90 2.60 219 261
carves Leported Reporte Reported Reported
R ted Reported Reported R i
Left, DaS 1 30-55.9 1776 107 127 -16% 0.36 1.51 -43% 123 1OY 13% 127 1.27 0%

(51}
puly
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o
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s8f

30-58.9 1776 1.08 127 0.85 -43% 1ie 109 126 127 -1%
G2 mph P A 7 ; : P : e
=g SOEER P 60-119.9 G634 057 047 | 2% | o2l 037 | A% | 0ss G300 | 9 | 064 048 | 3%
TE )
y ADB G2
we
> E 120-239.9 4281 047 026 1% 0.07 010 -34% (47 010 370% .49 0.1%
-
G
S
om
g -
87 ADB Not ot Not Net
o = i 3109 228 183 173 23%
o3 CUYCS Reported Reported Reporte Hepored
&g
ok .
g z Right, 30-5%.9 1776 1463 0.7% 1351 -48% 121 {RE 1% 135 1.27 a%
g o
&g DAS G PR s A7 n 37 o = P vy s e P
S 2 a0-1192.9 {.034 078 047 0.2z (.37 -4{% G.57 .30 90% 077 0.4% o0%
@ £
= 1, ADR
o 0.2¢81 .57 026 119% .07 .10 0.4 .10 300% 018 287
62 mph
E5 ADI Not Not Not Not
28 15289 3109 2.54 179 1.73 2.44
N curves Reported Reporled Reporied Reported
? e Right, 30-35.9 V776 1.53 127 20% 0.73 151 -52% 114 P09 5% 1.30 1.27 2%
» 5 DAZ 62 H0-1192 (.034 071 047 1% 0.16 0.37 -57% 0.54 G.30 0% 0.70 (.48 464
W
g :,g wiph, ADB
e
o . . -239.9 5.28] 0.54 0.26 168% 0.00 010 -100% 0.37 0.10 270% 052 8.15 247%
= 2 DL mpn
2
@
SR
S
=R
=
o
o]

Page 141 of 1219 SPERO EX. 2023




Federal Register/ Vol

83, No. 198/ Friday,

October 12, 2018

/ Proposed Rules 517493

stimulus vebicle moviag and stationary.
For purposes of examining the validity
of the propoesed test, the Agency first
considerad resulis of lower heam testing
only to remove potendial variabilities io
test results from the performance of
ADR systems. The most closely
corapacable measuraments ave the
baseline and the straight maneuver as
the general orient tation for these
situations plan\ the vehicle roounted
photometers in similar locations for
each tesi. We note measurements for
dynamic situations differ from the static
in positive and negative ways meaning
sometimes ihe dynamic lest produces a
higher lumination reading, while in
others, it produces a lower huraination
measurenient as compared to the
baseline measurement. Also of
sigrd ficant note, for straight situations,
the far distance {120~239.9 m range)
produced generally higher percentage
differences between the baseline and the
dynamic situation. This may be
expected as steay Hght will bave a lacger
percentage contribution considering the
smaller base value. Additionally,
vehicle piich variation as measured in
aﬂu,-eb would have larger contribution
if the lower beam headlarap cotoff were

o approach photometers. This second
pf)‘ss‘ibil:'y seems the less likely of the
two as ay“ amic measurements were not
consisiently higher than the baseline
measwrement for that ta nge and
crientation but similar to the other
measurement ranges. Sometimes the
bageline measorement was higher, and
sometimes the dynamic measurenients
were highe

Curve s iu(li ions {both left and right)
demonstrated a greate[ difference
hietwesn baseline and dynamic esis,
particularly at the far distance raoge.
Importantly, the difference did not seem
o be compounded with the stioulus
vehicle moving as oppnsed o
stationary. One possible explanation for
the difference between baseline results
and crrve results is the orientation of
the two vehicles is different. While for
straight situations photometers are

similar place within the est
mcif‘c headhmp beam pattern, for
1e curve situation the vehicle
orientation moves the stimulus vehicle
{and racunted photometers) out -.QW':rd
larger horizontal angles of the beam
pattern whete the intensity of light
seems to be higher in three of these test
vehicles. The BMW consistently did not
demonstrate this difference, leading the

Agency to believe the test is measuriog
true differences i vehicles” beam
patierns even at large angka;m the
urve situation. r“xdu tionaily, the right

wve with and without the stimutus
vehicle moving recarded similar resulis
as the left curve with and without the
stirm i} vehicle moving for each of the

vehicles tested. As such, the Agency

teﬂ* 1t ve;y concludes the difference
between baseline and curve situations
do not derponstrate varisbility within
the test procedure itself but are caused
by variatious in beam patteros of fest
vehicles. Not the topic of this section,
however, this examination leads the
Agency io tentatively conclude
sttuations in which these far distanoe
curves produced glare beyond tentative
liraiis can be designed cut of
headlamps.

[
T

Cousidering the confidence
established jo the Agency’s ability to
measure lower beam performance in an
outdoor test on-vehicle, the Agency next
evaluated the performance of the ADB
systern and evaloated the tests ab\l\iy to
measure ADB headlighting systemsina
dyuamic way. [*m. we compared
oncoming st"au::l 1its b?tween lower
boam and ADB as owrt in Table 7

Table 7
Aundi (n=3) BMW (=3} Lexus (n=3) Mercedes-Benz (n=3)
Lower Quotient § Lower Cnotient § Lower Quotient § Lower (notient
Hare ADB ADB ADBE ADB
Maneuver Bearu (ADRB/ § Beam {(ADB/ § Beam (ADB/ § Beam (ADR/
Range (m)| Limut
Scenaric Buminance | Lower Thumuance Lower Hinrinance Lower § Oiuminance | Lower
(e
(hax} Beam) {lux) Beam) (lux) Beam) (hax} Beam)
Straight, {15-29.9 31008 163 | 2.00 1.23 2.58 323 1.26 1.67 | 1.50 0.90 227 | 2.50 110
DAS 3G-59.9 17764 074 | 078 1.06 2.1 1.85 0.92 0.94 | 0.99 .03 LG5 1114 1.08
mpl
60-1190.9 106348 035 | 032 0.90 429 | 037 1.28 033 | 044 1.34 .36 | 041 116
ADB 62
) 20-239.9 102814 .18 | 0.14 0.80 003 | 005 1.9% 014 | 037 270 .15 | 0.6 1.05
mph
Strasgh 15-29.9 3.109% 150 | 2.8% 1.93 258 1 2.99 101 1.73 1 149 0.36 227 1234 £.03
DAS 62 U B : ae 5 ~ . 5 C 9 T
30-39.9 1.776§ .80 | 081 1.01 1.60 | 1.95 1.22 1.06 | 0.94 .89 398 | 1.04 1.07
mph,
60-1190.9 106343 045 | 042 0.93 0.38 1.33 0.34 | 035 £.04 0.36 | 0.39 1.0%
ADB 62
. 20-239.9 10281F 023 | 022 0.98 003 | 0.08 2.65 015 1022 146 ¢.15 | 0.14 0.93
wipht
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We expected the straighi scenacio
would pose the least difficult situation
for the 'perfmmam‘e of the ADB system

itself and allow the Agency fo eva aluate
the test. As such, we 9xpeued ADB
rasulis to be similar to lower beam
resuits for the same maneuver. Tabhle 7
comaparces the maxiowmor tHanunabon
value recorded for lower heam
hendlame as compar ed to ADB systems
and presents the quotient of the ADH
divided by the lower beam. Ideally, w*‘
wouold expect the quolient io equal 1.

value less than 1 identifies results in
which the ADB is dimmer than the
Inwer heaw, while values greater than 1
identify results in which the ADB is

1

bno}afel than the lower beara. To genseal,

the results indicaie the quotient is close
to 1 with some exceptions. The far

Page 143 of 1219

distance range }i]()(ilh,é‘(l a quotiend 2.
on the LﬁMW meaning ADB system
results for that range are more than
twice as bright as lower beam results.
This result is, however, a ratio of small
numbers, namely 6.08 divided by 0.03.
To provide context around these small
nurabers, the research threshold vadue
for that range is 0,281 (0.3 as propoesed
today), much greater than recorded
resuts for either teadlighting system.
The far distance range for the Lexus
vehicle produced a ratio of 2.7 meaning
ADB results are approaching three times
as bright as the lower beam. Unlike
resudts for the BMW, the Lexus
measurements are not particularly small
nurabers. n fact, the ADB roeasureraent
for that test was 0.37 lux, which is
above the research threshaold for the far

distance range. Interestingly, the
Mo:cuﬁm Benz ADB results were within
% of lower heam results for all ranges
\,(,mzspc-nm ig to the straight manesuver.
This leads the Agency to the tentative
conciusion favorable ratios betwesa the
lower beam and ADR systems are
tech n’u}""ly‘ possible, and the test
procedure is useful in discern
performance of the ADB system in the
straight maneuver.

The Agency research also included
the evaluation of more complex
maneuvers and scenarios to evaluate the
ADB performance in sitnations that are
raore -mﬂy to challenge the ADR
system’s functionality. Table 8 presents
resulis of the ADB sysient’s performance
on the curve maneuver.

BILLING CODE 4910-59-P

SPERO EX. 2023



Federal Register/ Vol 83, Neo. 1858/ Friday, October 12, 2018/ Proposed Rules 517485

Table 8

Curve Scenarios

Audi (n=3) BMW (n=3) Lexus (n=3) Mercedes-Benz {n=3)
Lower Quotient § Lower Quctient § Lower Quotient § Lower Quotient
Glare ADR ADB ADB ADB
Maneuver {Reange Beam {ADB/ | Beam {ADB/ §{ Beamu {(ADBE/ § Beam (ADB/
Lt
Scenario () Thmimance | Lower § [Huminance | Lower § Ihuminance | Lower § Hlvminance Lower
{lux)
{lux) Beam) (hod) Beam) {lux) Beam) (he) Beam)
3.309§ 1.9 | 2.05 1.08 200 {222 1.11 2,19 224 1.02 260 277 106
ADB 29.9
curves 30-

1776 1.07 1.

b2
\S]
-
—

Lo

0.8¢ | 1.060 1.17 123 132 1.67 127 | 142 1.11
Left, DAS {59.9

O raph, 60~
0.634F 055 | 161 292 0.18 | 0.38 244 0.58 | 0.8] 41 .02 | 106 1.7}
ADB62 11199

niph 120~
02818 046 {050 1.09 0.03 | .07 1.96 044 | 049 110 047 | 0.59 127
2399
i5-
31098 193 {208 1.08 1.2 {211 1.10 194 | 1838 0.97 2.54 277 1.09
ADB 209
curves 30-

17768 1.08 | 122 1.13 086 | 0.92 1.67

o

1.30 1.12 126 1 1.40 t11
Left, DAS {599

62 mmph,  {60-

0.634% 057 {199 3.49 021 | 079 376 059 1 1.92 323 0.64 | 1.60 249

ADB 62  [1199

myph 120-
0.281§ 047 {0350 1.7 0.07 { 011 1.48 047 | 651 107 (.49

<
(o3}
&
Ju—
N3
(53]

1S5~
ADB 109§ 228 1239 114 F 163 | 160 | 098 75 {214 122 § 238 | 245) 103
CUIVES
36
Right, 17768 163 {16t L 098§ 078 [ 077 098 2t 12 ] 099§ o135 | 139 103
59.9
DAS 0
66-
wph, ADB 0634f 078 {2951 377 §022 {124 558 {057 |1ed| 287 § o077 |114] 149
119.9

62 mph

120- {0281§ 057 | 065 115 0.07 {014 ].98 040 | 042 105 (.58 | 089 1.53

[
3
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BILLING CODE 4810-56-C

As discussed previously, the lower
beam CE\CE,“(iCd research thrcaholda for
the long range for all vehicles except the
BMW. Beyond this, several ADB
perf@:mhnce aspects were ohserved in
this test. Again, boilding on the lower
beam performance, the ADB
performance was evaluated as a quotient
of the maximum illumination as
compared to the lower beam for each
distance range. Audi results showed
high guotients for each of the curve tests
for the 80-119.9 m range. Not only is

Page 145 of 1219

the quotient high, the maximum
ilumination for that range was reported
as 1.81, 1.99, 2.93, and 3.23 hzx as
presented in the table sbove. To put
these values in perspective, the research
threshold for that range is ©.8634 lux.
While the lower beam, 1n some cases,
exceeded this threshold, the maximum
exceadance for the Iower beam was a
measwement of 8.78 over the threshold
by just 23% on the Audi. Based on the
confidence in the Agency’s test,
established in the previous discussion,
the Agency tentatively concludes

differences shown on curves are true
differences in the ADB performance and
not variability in the test itself. To
further establish this tentative
conclusion, the Agency locked at details
of the test and }‘if)t‘ed the iluminar
as a funclion of disiance as shown
below. Resulis for the oncomdng curve-
Jeft test shs)w the passenger car stim ulus
gehicle and the SUV stirauius vehicle
where both the stimudus vebicle and the
ADB vehicles are moviog at 62 mph.
BILLING CODE 4810-58-F
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By comparing the plots, we can see

the ADB sysiem is providing a full
upper beam {or at least not shading the
stimulus vehicle} until suddenly
recoguizing and deamatically lowering
the glare {at round 70 m for the moving
pass
for tho moving SUV stimulus vehicle).

The sudden lowering of the illuminance

appears to bappen sooner for the two
stationary stimulus vehicles. The
Agency teniatively considers this
outcome a hyproduct of the ADRB
system’s Iack of abilily to view, classify
sud adapt to au oncorting vehicle
through a curve at a realistic but
genarally bigh-speed interaction.
Further support of this tentative
conclusion is that for each of the
interactions listed above, glare
measurenients are higher when the
stimudus is moviog as compared o
when it is stopped for the 60-116.9m
rang

curve

Taken together, these resolis <~up port
the Agency’s tentative conclusion that

the proposed test is repeatable and
sutf]

ficient in its ahility to measure ADB
formance using a vehicle-based,
dyramic test. Forther, the Agency
tentatively concludes the variability in
the test is small enough that a
raapufacturer can reasonsbly anticipale
results of any compliance test the
Agency wouli condact if taken into
consideration riurmg design stages of
the vehicle and headlighting system.

53

IX. Cestification and Aftermarket

Motor vehicle manufacturers are
required to certify that their vehicles
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sager car stimulos vehicle and 50 ;

s

Figure 4

comply with all applicable FMVSS. 128
FMVSS No. 168 adso applies to
replacement equipment {ie., equipment
sald on the afterrnarket to replace
ergmdl equipment installed on the
rehicle and certified to FMVSS No. 108
it the hm(‘ of the first sale {0 a purchaser
other than for resals}.?2® Replacement
equipa nent must be designied to conform
tc meet any applicable requirements
and include all functions of the lamp it
is designed to replace or capahle of
replacing.1#¢ Each replacement lamp
which is designed or recommended for
particular vehicle models must be
designed so that it does oot take the
vehicle out of compliance with the
standard when the individual device is
insialled on the vehicle. 131 A
manufacturer of replacement equipment
is responsible for certifving that
equipnent.’3? it may be the case that
only the manofaciurer of the original
r‘qmprnem and/or velicle would be able
to make a good faith certification of
ADR replacement equiprent bacause
requirements are vehicle-level, not
equipment level. We seek copurent on

this.

o

X. Regulatory Alternatives

The two main regulatory alternatives
NHTSA considered wers the ECE ADB

‘123336, e.g 49 1.8.C. 3015.
3 -rhe ardnr{m d applies to “{Hamps,
reflective de s. and associated equipment for
replacement of like eqmpm(’nt on vehicles to which
this standavd appiies.”).

130 85.7.1. 1.

181 538.7.1.2.

13249 11.S.C. §
Acting Chief Counsel, to ¢

i Light Co., Inc. {Aug. 11,

s from Stephen Wood,
eorge Van Straten, Van

Straten Heated Tail

&%
Range {m}

reqi 19rnﬂms and SAE Y"U&Q However,
as noted eariier, the ECE requirernents
are not sufficiently obj CLU e to be
incorporated into an :*MVSb.
Accordingly, the main 1‘90131;=t(w"
alternative we considerod is SAE 3¢

In the preceding sections uf this
docurment we ¢ discussed in detail
specific aspects in which the proposal
follows and differs from SAE 3068, In
general, there are two major ways in
which they differ.

First, the proposal would require a
raore robust and eealistic track test to
evaluate glare. This track test is the
major element of the pi'()posed rule. Tt is
uiim.a tely based—as is the SAL J3069
track test—on the glare limits developed
in NHTSAs Feas mﬂ‘: s Stody. These
glare Hmits are the foundational element
of the track test. The proposal and SAE
73069 differ somewhat in the way the
proposed glare Bmits are specified, but
they are largely similar. The proposal
differs significantly from SAE 2069,
however, in the way that it would test
for compliance with these glare limits
SAE 13089 specifies testing on a straight
pariion of road, and instead of usi ng
oncoming or preceding vehicles, uses
stationary test fixtures positioned at
precisely specified locations adjacent to
the test track. The proposed test
procedurs would permit the Agency to
test on curved pﬂrtmnb of IOad with
varicus radii of curvatuce] using & broad
range of actoal FMVSS-certified
vehicles as oncoming or preceding
vehicles.

Second, the proposal would require
additional Iaboratory-tested equipment-
level photnmgtJC oqmmmontb to
regulate hoth glare and visibility. With
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raspect to glare pravention, we propose
to require that the part of the ADR heam,
that is cast near other vehicles mustn
exceed the corent low beam mamma,
aud the part of an ADB beam that is cast
onto uncccupied roadway must not
exceed the current upper beare maxina
SAE 13069 requires the former but not
the latter. With respect to Visibﬂity, we
propose that the part of the ADB beam
that is cast near other vehicles must
comply with the current lower heam
minima, and that the part of the ADB
beam that is cast ondo unoccupied
roadway ro*nph* with the upper heam
minima. SAE J3069 does not have any
laboratory-based requirements for the
former, and for the Iatter specifies the
low beam minima, not the upper beam

minima.

‘\HHSA has tentatively concluded
that the i‘mp ces between the
pmp(,sq] and SAE 3069 are pecessary to
ensure the ADB svstems meet the dual

safety needs of Dla[ prevention and
visibility.

NHTSA is particularly concerned
aboot ensuring, to 8 reasanable degree,
that ADR systems dn not glare other
motorists. The atiraction of ADB is that
it is able—if designed and functoniog
properly—io provide enhanced
illumination while not glaring other

moiorists. However, if an ADB system
d()es not perform as intended, it does
have the potential to glare other
motorists. NHTSA is particularly
concerned about this because glare is a
negative externality that might not he
sufficiently mitigated by market forces
alone. Headlamp design involves an
inherent tension between forward
illumination and glare. A vehicle
manufact nrer’s incentive, absent
regudation, might be to provide forward
Humination at the expense of glare
preveniion because the benefi ts of
forward lumination are enjoyed by the
vehicle owner, while gl'\re prevention
principaily benefits other motordisis.
NHTSA is especially mindful of the
many comnients and complaints
NHTSA has received from the public
expressing concerns about glave, The
proposed rogulaﬂon is, therefore, m‘wdy
focused on glare. This is consistent wit
the current headlamp regolations,

which have included photometry
requirements regulating glare since the
standard’s incepBon.

NHTSA tentatively believes that the
proposed requirements are preferable to

SAE [3069. The proposed track test
would require that ADB systerns be able
to negotiate a variety of real-world
conditions and not simply be
eugineered to tecognize specified

tures. We tentatively believe the
praposal will lead to ADB systems that
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prevent glare raore effectively,
particularly in real-world sitnations
where the other vshicle enters the n?ld
of view of the ADB camera frorn the side
and not from a far distance. We also
believe that requiring that the part of the
ADB bean thal is cast near other
vehicles must not exceed the current
low heam maxima, and the part of the
ADB beam that is cast onto unoccupied
roadway must not exceed the current
upper beam maxima would provide
further assurance against glare
compared to the less stringent SAE
spgr‘mcahmne We tentatively conclude
that the regulatory requirsments we are
proposing w ould meet the ns)Pd for
vehicle safety and would be sufficient to
determine U:lethul n ADB syb{em was
funconiog properly so as vot Lo glace
other motorists.

While the bulk of the propoesal is
related to glare, and there is reason to
believe that manufacturers have an
incentive to provide sufficient forward
Ulumdoaiion, we also inclode a very
limited set of laboratory tests to ensure
a minimum level of visibility. NHTSA
tentatively believes that the limited set
of proposed laboratory photometric tests
not included in SAE J3068 would
provide important safety assurances.
These laboratory-based requitements
nnlv require that the ADB mmphes with

he existing photou etry requirements
}.dt ensore that mimimum levels of
lumination are provided. We
tentatively believe that if ADB systems
did not ;mmd“ these minimum levels
of ilumination the driver might not
have sufficient visibility.

At the same time, we tentative
helieve that more stringent requirements
relating to visibilily are no L necessary.
Manulactuers have a market incentive
to provide drivers with suificient
Ulumioatioo. To addition, f an ADB
systemt is malfunctioning in not
providing adequate ﬂiummaticn
ve“ icle owneres can Bile complaints both

with the muanufachurer sod NHTSA.

'i his would make it possible for NHTSA
to identify the safety concern, open a
defect investigation, and, ifthe
investigation suggests the ADB system is
defective, require the OEM to mcsii and
remedy the vehicle. This is largeh riot
the case fc,r 'rlam, because a motorist
who is glared by another vehicle is
racely mi( to -deﬂ ify that vehicle and
subimit a comaplaiot. Moteover, we
helieve puied tial safety henefits of ADB
technology fustify focusing on what we
believe is the most scate regulatory
concern (glare}, and not including
equally striogent requirerents nd fost
procedures related to visibility. Based
on the Agency’s testing, and on the
experience with ADB systems in Europe

1, it appsars that current systeras
en erallv been providing adsguate
ilmminatmn However, we tﬂn atively
helieve these minimum requirements
are necessary.

A more detatled discussion of the
'>xp(>r'ted Likely costs and benefits of the
proposal as compared io SAE J3069 is
provided below in Section XI, Ove[\nm\'f
of Costs and Benefits.

As an alternative to the proposed
mqmre-nents aod compliance tesi
procedures, the Agency could more
closely foiluw SAE J3068. We earlier
dle‘dSSQd specific ways in which we
depart frora SAE J3069. We could
choose to conform to SAE [3069 with
respect to some or ali of these test
attributes. The major ways the proposal
could furiher conform to SAE J3069
would be by 1431-“, stationary fixtures,
instead of moving vehicles, lmiting the
array of road g mm-)tnr‘s we would test
wiih, and ot requiring the additional
laboratory-based photometric
requirernents potf also included in SAE
J3069. We could also incorporate SAE
13089 by reference.

We seek coniment on the relative

1l (‘(‘118 of the proposal and SAE [3068
genecally, and the advisability of
conforming to or departing from SAE
J3069 in any of these respects. In
particalar, w Hh raspact to differences
between the propossl and SAE J308%:
What are the relative merits and
drawbacks of each with respect o the
statoutory criteria of objectivily,

racticability, meetmﬂ the need for
safety, and approp"iﬂteness for the type
of vehicle? NHTSA is also interested in
views regardiog differences between the
proposal and SAE J3069 in terms of the
repeatability of test results. N‘ET‘?A is
alse interested jo learning whether ther

re any other alternatives that shou M
considered by the Agency.

sre
he

XL Overview of Benefiis and Costs
NHTSA has cansidered the qualiia‘iws

costs and benefits of the proposal. {For
the reasons discussed in Section XI,
Overview of Benefits and Costs, NHTSA
has not quantified the costs and henefits
of the proposal.) NHTSA has analyzed
the qualitative costs and benefits of the
proposal compared to both the current
baseline in which ADB systems are not
deployed as well as the primary
regulatory alternative (SAE [3069).

Based on this analysis, NHTSA
tentatively concludes that ADB should
he permitted and that the proposed
requirements aod test procedures are
the preferred regulatory alternative.
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a. Proposal Compared to Current
Baseline in Which ADR is Not Deploved

We have tentatively concluded that
the proposal to permit ADB and subject
itto requirements and test procedures to
ensure that it does not glare other
motorists and provides sufficient
visibility would have greater net
benefits than maintaining the status
quo.

We have tentatively determined that
the proposal to perrait ADB and sna}eci_
it to requirements and test procedures
wouold lead to greaier benefits than
raaintaining the status quo in which
ADB is not deployed. The anticipated
beuefits are a decrease io fatalities and
injuries associated with mehos
involviag pedestrians, cyclisis,
and roadside objects due to J[h(,
'imprﬂved visibility pmmd :d by ADB.
The improved visibility is a resolt of
increased upper beam use and an
enhanced lower beara, Although i is
difficult to estimate these bongm
NHTSA performed a data analysis to
explore how driving in better hoh
conditions affects pedesinnn and cyclist
fatalities. The ane ﬂqu‘ focused an
pbdestman/ rclist fatalities and i injuries
oander various Hght conditions and
explored the mrrolahmn between
pedestrian/cyclist fatalities and injuries
with light conditicuns, as well as several
other rmk factors {location, speed lmit,
d] cohol use, and driver disiraciion). The

h"ysis used data from the Agency’s
Fatality Analysis Reporting Sysienrand
ih“ National Aotom (,tm-z Sampling
Systemn General Estimate System. These
daiabases contain detailed information
on crashes involving fdraufms and
injuriss, respeciively, i
information oo the conditions under
which the crashes occurred. This
analysis suggests that the size of the
target popuhtiﬂnmpedestman and
cyclist fatalities that ocour in darkness—
is 15,065 over 11 vears or 1,370 per
vear. This analvsis is discussed in more
detail in Appendix A, The Agency
tentatively concludes this analysis
demonstraies thai a properly-
'unc&onmg ADB system could provide
significant safety benefits beyond that
provided by existing headlighting
systems. 133

rimals,

123 Ag discussed in Appendix A, the analysis
'feqdh es 8 variety of assump?ions and, whi
pardally account
{such as aloohelra

late the @ ‘*fect of

ﬁc mrcm popuumon §

d i hemuse o data timitations
{e.g.. headlamp sta upper-lower beam]) is

not known in many of the pedestrian crashes).
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The possible disbenefiis of this
rulemalking would be any increases io
glare attributable to ADB. A properly-
functioning ADB sysiem woold not
produce more glai'c than current
headlights because it would accurately
recagnize and shade oncorning and
precading vehicles. The Agency’s
research testing of ADB-equipped
vehicles leads NHTSA to tentatively
conclude that an ADB system that
complied with the proposed
"equirmnents would not lead to any

significant inceeases in glare.
Accordingly, we do not expect any
significant dishenefits.34

DB is ¢ wrrently not pecmitted by
FMVSS No. 1068, and is therefore not
correotly available to consurners. The
proposed rule, by a.m,wv‘p the
introduction of ADB systems, would
expand the set of choices open to
consumers. ADB systems are optional,
and the propose ed rule in no way
rastricts or iraposes additional cnsts or
requirements on any existing
technologies that consumers are
currently ahle to purchase. Consumers
are therefore no worse off under the
proposal. Becavse the proposal expaods
the set of consumer choices {compared
to the status quo), it is an euabling
eg ulation. The estimated cost savings of

a0 enabling regulaiion would include
{he full opportunity costs of the
previously foregone activities (i.e., the
sum of consumer and producer surplus,
minus any fixed costs).

Because we expect positive benefits
and cost savings from enahling the use
of new technolagies, we tentatively

onclude that the proposal would lead
to higher net benefits compared to the
stadus quo. We seek corament on the
potential benefits and cost savings of
this proposal, jocludiog gqoant Hitative
data that could help estimate their
magnitode.

H

h. Proposal Compared to SAE J3069

NHTSA also compared the proposal
to SAE J3069. As discussed below,
althoogh the proposal is likely more
costly {due to higher rf)mplmm e testing
and equipment costs}, these higher costs
are likely owtweighed hy the higher
sa“otv-"chtf‘ri benefits (and lower glare
disbenefits).

eCoenize

13¢ We do , as the ADB Test Report
notes, that t i 1which ADB m
not adequately perform, such as at intersectic
on dipped sspments of roadway. We believe ihdr dr
intersections the safety comcern is lessened because

a 1vely aaap* thL m, can glare other vehi
jater and on dipped roads because the
stvy becomes such that those vehicles
relatively bright portions of the

ars expu sed t

beam.

The proposal would lkely result in
greater benefits than the regulatory
alternative because the proposed
requiremeants require more iHomination
{hut uot at levels that would glave other
motorists). Above we broadly estimated
the size of the target popu slation. We
tentatively helieve that the proposed
rgqmrf"nonts would be meore effective
i.e., more likely to lead to a greater
rmi uction in crashes—ihan SAE J3089
because the proposal would require
ADB systems to provide more
lomination. Two of the proposed
laboratory-based photometric
requirements do this. We propose that
the part of the ADH bean thal is cast
near nther vehicles must comply with
the current lower beam minima, and
thai the part of the ADB heam that is
cast mm vneccupied roadway coraply
with the upper beam minima. SAE
J3069 does not have any laboratory-
based requirements for the former, and
for the latier specifiss the lower beam
minima, not the upper beam minima.
We believe the pr()pmed ragquirements
would offer meaningiul safety
assurances. The lower and upper beam
mirima have been in place for decades.
They indicate what have been the
longstanding minimum acceptable
levels of illumination for adequate
visibility. Along with this, they provide
an appropriate tradeoff between
ilhuraination and glare. While requiring
the lower bearn pdoima for the dimmed
portion of the ADB beam may not
provide much benefit when the ADB

system is dimming portions o an

5
oncoming or proceeding vebicle, any
activation of the dimmed region due to
a false positive (dinundng for a lamp
post or sign} could have safety
implications (because there would not
be another vehicle’s head‘iamps o
illuminate the road). Because SAE J3069
does not reguire ADB systems to niest
any minima within the dimmed portion
of the ADB beam, it could lead to
insufficient illnmination. On the other
hand, it might be possible that the more
dernanding road test we propose to test
for glare could incentivize
manufactorees io equip vehicles with
ADB systems that provide less
illnmination (to ensure that thev do not
fail the glare road test] than t‘:)ey would
if we g(inpt reguirer mu.i& reare similac
to SAE 73069, However, we tentatively
believe the proposed requirements will
result 1o a greater reducton in ceashes
due to increased illumination. 135

135 The propossl and the alternative both are most
likely to be cost-effective using the DOT’s $8.7
alue of a statistical lite. However, due to
1y more stringent pertormance
ents of the proposal, it would likely accrue
ty benefits than does the alternative.
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The Agency has also ientatively
concluded that the proposed
requirements would lead to smaller
dishenefils in terms of glare than the
regulatory alternatives, for two teasons.
First, the proposal requires a ninch more
realistic road fest to evaluate glare,
including actual vehicles and corved
portmna of the roadway, mstead of
fixtures simulating vehicles and curves.
This would require that ADB systems he
able to meet a variety of real world
conditions and not sin‘p-** be
engmt erad to rec ogoize speci ied
fixtures. We tentatively believe this will
lead to less glare, particularly in real-
world situations where the uh e vehicle
euters the field of view of the AlJB
camera from the side and not from a far
distance (such as situalions in which
the ADBB-equipped vehicle is overtaken
or encounters an oncoming vehicleona
sraall-radius corve). Second, the
proposal would r-)qmrr‘ that in the
undimmed portion of the ADRB heam the
current upper beam maxima be met;
SAE 13069 does pot specify any
maxima. The upper heam maxima limit
the amount of light projected on obijscis
that are not detected by the ADB system
such as cyclists, pedestrians, and houses
near the road.

NHTSA teniatively concludes {}1 it the
proposed rule would likely have higher
costs than SAE 13068, This is due o
compliance testing costs, and, possibly,
to component cosis.

We would expect higher costs for
cormapliaoce testiog. The proposed road
test for Comp Hance with the proposed
glare limits is more complex than the
testing requirad by SAE 13069 hecause
it involves actual test vehicles and more
scenarios. The proposal adso inclodes
requirements for static photometr;
testing that are pot inciuded i SAE
13069, If a masulacturer concladed that
testing was necessary to certify an ADB

system, then testiog for compliance with
the proposal would be more costly than
compliance testing for a standard more
closely hased on SAE 13069,

We do not expect design and
development costs to be sigoificantly
higher than they would be under SAE
TSG%H ADB is currently offered as an
optional system in Lumpc among other
markeis. ‘\/ve tentatively believe that the
European ADB {(if modified to produce
a U.S.-compliant beam 38} gystems are

sssentially capahle of complying with
the proposed reguirements. 1

The Agency

x'equiremem:. in ]”M‘VBQ No. 108 diffe
required photomeiry, in order for an ECE-c
system to be sold in the U adlamp
photometry would need 1o be wmodified, which
would entail some design cost. This is true for any
Europesn-mode] vebicle sold in the ULS.
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iesied a vadety of Buropean vehicles in
& road test similar to the ooe that is
proposed today to measure glare. The
vehicles passed roany of the scenarios
we tested, although we observed that

he ADB systems had difficulties staying
within the glare limils when
encountering oncomdog vehicles on
curves when both vehicles were
travelling at approximately 80 mph. In
consideration of these test results, the
proposal does not include any tests on
curves at these higher speeds. (In the
praposal, we are proposing that the
vehicle’s Sp ‘ods not exceed 45 mph in
this scenario.}

However, we do believe that it could
be niore costly to equip a vehicle with
an ADB sysiem that complies with the
proposal rather than with the mirdmuem
requirements of SAE J306%. For
instance, the proposal requires that the
vodimrued portinn of the ADB bearn
meet the current upper beam minima.
The European systems we tested
stmilarly used the upper bean (ECE
driving heam] to illuminate regions
cutside the dimmed portion of the
beamn. SAE J3063, however, IE’C{lliI‘PS
culy that the lower bearn minima be met
in this region. Accordingly, an SAE
13088-cor npl iant system could vse a
lower cost Hght source. As another
exaﬁ‘p"e. Whﬂe. the European systems
NHTSA tested employed relatively
sophis \cah‘d LED arrays ar shading
devicos, a system that complied Wlth
the minimum reguirements of SAE
13069 could smploy less sophisticated
technnlogy.

NHTSA has tentatively concloded
that the hkely additional {i.e., as
compared to SAE J3069] benefits
assaciated with the proposal excesd the
likely additional costs f)f the proposal.
The somewhat greater cosis it would
require {0 equip a vebicle with an AR
system that compliss with the proposed
requirements would likely be
cutweighed by the greater benefits {and
smaller glare dishenefits) that we
tentatively helieve would be likely to
result from the pmpo%al For instance, a
system that saved money on a narrow
field of view camera would not provide
g are protection on small radius curves

n real world driving. ‘deii_iur‘a]ly any
cost savings 1o be gained from a less
intense light source used for the
undimoed po"t;()"- of the bearn would
}m negated by the relative increase risk
to pedos:rlzm detection,

NHTSA seeks comment on all these
issues, in particolar the relative costs of
compliance with the pr()pcw,ah SAE
13069, and the ECE requirements
(equ;*.(.mﬂy specific data and cost
astimates), as well as the relative
benefits of these aliernaiives.

X, Rudemaking Analyses
Executive Order 13771

Executive Order 13771 titled
“Reducing Regulation and Controlling
}{P!; latory Costs ;7 directs that, unless
prohibited by law, whenever an
executive department or fXg?ﬂLv
publicly proposes for notice and
comment or otherwise promulgates a
new cegilation, it shall identify at least
two existing regulations to he repealed.
It addition, any new inewzmﬂn‘w costs
associated with new rv;_,uh ious shall, te
the extent permitted by law, be offset by
the elimination of existing costs. O nly
those rules deemed significant under
section 3(1} of Executive Order 12868,
“Regulatory Planning and Review,” are
subject to these requirements. As
discussed below, this rule is not a
significant rule under Executive Order

12866, However, this proposed rule is
expected to be an E.Q. 13771
deregulatory action. Details on the
estimated cost savings of this proposed
rule can be found in the rule’s economic
analysis.

Exscutive O
135863, and
Procedures

Executive Order 12866, Executive
Order 13563, and the Department of
Transportation’s regulatory policies
require de C:Eﬂ;uatlonb as to whether a
regulatory action is “significant” and
therefore subject to OME review sad the
requirements of the aforementioned
Executive Orders. Execotive Ocder
12866 defines a “significant regulatory
action” as one that is likely to result Ut
arule that may:

{1} Have an annual effect on the
economy of $160 wmillion or more or
adversely affect in a material way the
geonomy, a sector of the econory
productivity, co*npr‘tition, jobs, the
smvironraent, public health or safety, or
State, local, or Tribal governments or
communities;

(2) Create a serious inconsistency or
otherwise interfere with an action taken
or plauned by socther agency;

{3) Materiall ly alter the budgetary
impact of entitlements, grauts, user
or loan programs or the rights and
obligations of recipients thereof; or

{4) Raise novel legal or policy issues
arising oul of legal mandates, the
President’s priorities, or the pri wciples
set forth in the Exscutive Order.

We have considered the potential

mpact of i is proposal under Executive
UEd(‘E 12866, Executive Ovder 13563,

nd the Depar tment of T ransportation’s
mgu]d.m} )0;' ies and procedures. This
NFRM is not ignificant and so was not
reviewed under E.G. 12868.
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However, pursnant to E.C. 12866 and

the Department’s p(‘]:ries we bave
identified the problem this NFRM
intends to address, considered whether
existing regulations have contributed to
the problem, and considered
alternatives. Because this rudemakiog
bas heen designated noosignificant,
quantiﬁcati@n f benedits is not required
under E.C. 12868, but is [eqmred to the
extent pra(:i_ica},l under DOT Grder
2100.5. NHTSA has tentatively
determined that g \anufvm the ber
and costs is not ;.x(mhc.ab ¢ in this
rulemaking.

Guantifying the benefils of the
pmp(,sq] ----- the decrease in deaths and
injuriss due to the greater v;mblhty
raade possible by ADB—is difficult
hecavse of a variei_y of data mitations
related to accurately estimating the
target population and the effectiveness
of ADB. For example, headlamp state
{on-off, upper-lower beam} is not
reflected in the data for many of th
pedestrian ceashes. Neve f“el 83, we
attempt to broadly estimate th
magnitude of the target populdboﬂ in
Appendix A {loyﬂu- 5 -ulermkmg
petition also incl ie, A tar g(‘
population analysi a different
raethodology.)

Qunntmmtmn of costs is similarly not
practicable. The only currently-available
ADB systeras are in {oreign markets
such as Lurope. We tentatively believ
that an ECE-approved ADB system
(rnedified to have FMVSS 108-
compliant photometry} would be able to
comply with the proposed
requirements. It would be possible for
NHTSA to estimate the cost of such
svstems by performing teardown
studies, but we have not done s0.
Armaong other reasons, even if NHTSA
performed tear-down studies for ECE-
approved systems, NHTSA wonld still
need to estimate the cost of the
compliance with the main regulatory
alternative, SAE 13089, However, there
are not any SAL J3068-compliant
systemns on the market to use in a tear-
down cost analysis because ADB

systems are not corcently available jo
the U.S. It might be P(ﬂﬂbk‘ for NHTSA
to estimate the costs of an SAE J3069-
compliand system with an engineering
assessment, but such an assessment
would require additional time and
FESOICES.

We therefore tentatively conclude that
a quantitative cosi-be neft analysis is
not currently practicable. We helieve
thata (}UP"’SEIVEE analysis {see Section
XI, Overview of Benefits and Costs) is
sufficient to reasonably conclude that
the proposed requirements are
preferable to the current regulatory
alternative.
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Executive Crder 13609: Promoling

Internationa }Hr:‘gui.:zio v Cooperation

The policy staternent in section 1 of
Executive Order idbf}g provides, in part:

The regulatory approaches taken by foreign
povernments may ffer from those taken by
1.8, regulatory agencies to address similar
issues. In some cases, the differences
between the repgulatory approaches of U.S.
agencies and those of their foreign
counterparts wight not be necessary and
ruight impair the ability of American
businesses to export and compete
internationally. In meeting shared challenges
involving health, safety, labor, security,
environmental, and other issues,
international reg ulutﬂn cooperation can
identify approaches that are at least as
protective as those that are or would be
adopted in the ahsence of such cooperation.
International regulatory cooperation can also
reduce, elimminate, or prevent unnecessary
differences in regulatory requirerments.

O..

Although this proposal is different
than comparable foreign regulations, wi
believe that the proposed require no.ﬁ
have the potential to enhance safety.

Execative Order 13132 (Federalism)

NHTSA has exanined this proposed
rule puesusnt to Execotive Order 13132
{84 FR 43255; Aug. 10, 1999} and
concluded that no additional
consultation with States, local
governments, or their represan atives is
mandated a-)y()nd the rulernaking
process. The Agency has concluded that
the rule does not bave sufficiend
federalism implications to warrant
consoltation with Staie and local
officials or the preparation of &
federalism summary impact statement.
The rule does not have © i

‘subistantial
direct effects on the States, on the
relativoship between the nabionsl
government and the States, or on the
distribution of power and
rasponsibilities among the various
levels of government.”

NHTSA rules can bave preemptive
effect in two ways. F Lst, the MNational
Treaffic and Motor Vehicle Safe ty Act
contalos an express preemuption
provision: When a motor vehicle safety
st 'lh(}d d is in off’vrt unider this chapter,
a State or a political subdivision of a
‘St(n e may prescribe or contioue in effect

a standard applicable to the same aspect
of performance of a motor vehicle or
motor vehicle equipment only if the
standard is ideniical to the standard
prescribed under this chapter. 43 US.G.
36103(b}{1). It is this statutory command
by Congress that preempis any non-
identical State legislative and
adminisirative law address the same
aspect of performance

The express preemption provision
described ahove is subject to a savings

clause under which “{clompliance with
a motor vehicle safety standard
rescribed under this chapter does not

mypt a person frorag Hability at
common law.” 49 U.S.C. 30103{e)
Pursuant to this provision, State
comraon law tort cavses of action
agajost motor vehicle manuofaciurers
that might otherwise bo plef"nptbri by
the express p"e9mptmn provision are
generally preserved. However, the
Supreme Court has recognized the
possibility, in some instances, of
implied presmption of State conunon
law tort causes of action by virtue of
NHTSA’s rules—even if not expressly
preempiad.

This second way that NHTSA rules
can preempt is dependent upon the
existence of an (u:tu:h conflict between
an FMVSS and the higher standard that
would effectively be imp yosed on motor
vehicle manufacturers if someocne
obtained a State common law tort
judgment against the manufe(‘turer—
natwithstanding the rmanutacturer’s
compliance with the NHTSA mnddrd.
Because most NHTSA standards
established by an FMVSS are miniraurg
standards, a State common law tort
cause of action that seeks o meuqe a
higher standard on motor vehicle
manufacturees will genarally not he
presmpted. However, if and when such
a conflict does exist—i{or example, when
the standard at issue is both 2 minimum
and a maximum standard-—the State
commen law tort cause of action is
imapliadly preerapted. See Cefer v.
American Honda Motor Co., 529 U.S.
861 {200@3

Pursuant to Executive Order 13132,
N '{TQS has considered whether this
G ()pwed rule could or should pree empl
Siate comyunn law cavses of (.rtm . The
Agehcy s ahility to announce it
conchusion regardiog the pr eemptive
effect of one of is rules reduces the
iikei"hocd that preemption will be an
issue in any subbeque 1t tort litigation.

To this end, the Agency has examined
the nature (e.g., the language and
structure of the regulatory texi} and
objectives of this proposed rule and
du% not foresee any poiential State
requiremeants that might conflict with i,
We do note that many or most states
have laws that revulate lower and upper
beam vse. These laws require that a
runtorist use & lower beam within a
certain distance of an oncoming or
preceding vehicle. We do noi beleve
that there is a conflict between the
proposed rule sod these laws because
the proposed mde would allow an
additional type o f lower beam. A
vehicle equipped with a compliant and
properly functioning ADB system
shouold rot glare other vehicles, as long
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as the proposed requirernents are
sufficient to meet the goals of this
propoqal—i e., to protect oncoming and
preceding motorists from glare. NHTSA
doss not intend that this proposed rule
preempl staie forl Jaw that would
effectively impose a higher standard on
ractor V(’h]’ e rasoufacharers than that
established by this rule. Establishroent
of a higher standard by means of State
tort law would oot conflict with the
standards proposed in this I\'PE\M.
Without any conflict, there could notbe
any implied preemption of a State
common law tort cause of action.

National Environmental Policy Act

The National Eoviconmental Policy
Act of 1969 (NEPA) (42 U.5.C. 4321~
43477 requires Federal agencies to
analyze the environmental impacts of
proposed major Federal actions
significantly affecting the quality of the
human environment, as well as the
impasts of alternatives to the proposed
action. 42 U.8.C. 4332(2}C). When a
Federal agency prepaces an
envircnmental assessment, the Council
on Environmental Quality (CEQ) NEPA
implementing regrdations {40 OFR parts
1506--1508} require it to “include brief
discussions of the need for the proposal,

f alternatives [. i, of the
environmental n"lpa(‘tq f the proposed
action and alterpatives, and a listing of
agencies and persons consulted.” 40
{FR 1508.9(b). section serves as
the Agency’s Draft Environmental
Assessment (Dealt EA). NHTSA jovites
public corarments on the contends and
tentative conclusions of this Draft EA.

Purpose and Need

This notice of proposed rulerasking
sets forth the purpose of and need ior
this action. As explained earlier in t
preswmble, ADR technology nnpmve*‘
safety by providing a var ab)e enhanced
lower beam pattern that is sc ulp ad o
traffic on the road, rather thau just one
lower beam patiern, thereby
providing wore ilumination without
glare to other motorists. In addition,
ADB technolngy will likely lead to
increased upper beam use, therehy
improving driver visibility distarce at

higher speeds. In this docunient,
NHTSA i:entatively concludes that
FMVSS No. 108 does not currently
permit ADB technol g This proposal
therefors reconsiders

the current 1 -
existing standard hy addre the
safely needs of visibility and g]m\:
prevention fo impove s
proposal considers and invites comment
on how best to ensure that ADB
tgr‘hnn"ngv improves visibility without
increasiog glare.
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Alternaiives

NHTSEA has considered a range of
regulatory alternatives for the proposed
action. Under a “no action alternative,”
NHTSA would not issus a final rule
araending FMVSS No. 108, and ADR
technology would continue to be
probhibited. NHTSA has also considered
the ECE requirements and SAE 3069,
which are described above inthis
prearable. Under this proposad, NHTSA
incorporates elements from these
standards, but departs frora them in
significant ways, which are alse
zlescrlbeu above. NHTSA inviies public
commenis on its proposal.

Environraeotal Impacts of the Proposed
Action and Alternatives

This proposed action is andicipated to
result in increased upper beam use as
well as greater illnmination from lower
bearns (albmt in patterns designed to
prevent glare to other motorisis). As a
resuli, the primary envirenmental
impacts anticipated to result from this
rulemaking are associated with light
pollution, including the p(.i_en.ml
disruption of wildlife adjacent to
roadways. The National Park Service
(NES) defines “light pollution” as the
introduction of artificial light, either
directly or indirectly,

inte the natural
environment.13” Farms of ligh
pollution include sky glow {ih“ hright
'*alﬂ over urhan areas at Mghi fime), light
trespass {pointended artificial L;_,himo
on areas that would otherwise be dark],
glare (Hghi shining horizonially}, and
overillumination {excess artificial
lighting for a specific activity). 198 Light
pfﬂhm(-n caused by artificial light can
have various effects on flora and fauna,
incloding disreptiog seasonal vadations
and circadian rhythms, disorientation
and behaviaral discaption, sleep
disorders, and hormonal xnbahmre‘ 139
Although this rule is anticipated to
rasult in increased levels of thoaination
caused by automobiles at nighttime,
NHTSA does not believe thess lavals
would contribute appreciably to light
pollution in the United States. First, the
Agency proposes to require that the part
of an ADB beam that is cast near other
vehicles not exceed the corrent fow
beam maxima and the part of an ADB
bieam that is cast onto unoccupied
roadway not exceed the current upper
heam maxima. Although overall levels

of Hlumination are expected to increase

i
{last accessed Sept. 28,
133 (hc uk, R. 2009, Missing the Dark:
Effec t Poliution
Perspect 172}, AZ0
139 [(j

Health
Environmentul Health
»AZT7.

fram current levels due to jncreased
high beara use and the scudpting of
luwel beams io traffic on the road, total
patential brightness wauld not be
permitted to exceed the potential
maxima that already exists on motor
vehicles today. These maxima would
not only reduce the potential for glare
to other drivers, but would also limit the
potential impact of light pollution.
Second, we note that ADB systenis
remain optional under the proposal.
Becaose of the added costs associated
with the technology, NHTSA does nunt
anticipate that rmanufacturers would
make these s }%V‘m, standard equipment
in all of their vehicle models at this
time. Thus, only a percentage of the on-
feature ADDB systems,

mdrj Heet wo ld fe
while new vehicles without the systems
would be apticipaied to continme to
have levels of illumination at current
rates.

Third, while ADB svstemq gener ai]
would increase horizontal ilominatio
they likely would not r‘ontmbufa t
ambient Hght pollution to the same
degree as other forms of illumination,
such as streetlights and omidmg
i]hm“'i"ii()n, whore Hght is
intentionally scattered to cover large
areas or wasted dus to inefficient
design likely contributing more to the
pighttime ha alo effect in popu tated arceas.
Arc ording to NI 5, the pm*t ey cavse of
h')h pollution is ouiduor ighis ihd{

it light upu ards or sideways {but
vqth an upwards ¢ 'mg: €).140 Ag the light
escapeas upward, il scatters t:uougnudi
the atmosphere and brightens the nigh
sky. Lighting that is directed dowrward,
howeaver, contributes sigoificantly less
to light poliution.

Lower beams

en-)ral] y divect lght away fram
onmmmg traffic and downward in
order to Hlupdoate the road and the
environs close ahead of the vehicle
while minimizing glare to other road
users. As a result, any increases in lower
beam illumination are not anticipated to
coniribute meaningfully to light
pollution. As discussed further in the
next parsgraph, increases in upper beam
Ulumination would be soticipated
largely in less popuiat ed areas, where
oncoming traffic is lass frequent and
small sources of artificial light {buf‘h as
motor vehicles) likely would not ¢l nange
ambient light levels at nighttime to a
meaningtul degree.

Fourth, NHTSA belioves that the areas

that would ses the greatest relative

increase o nighttim o iHumination are
pr edon;ndntly Tira
experison

al and unlikely to

¢ widespread irapacis. The

“:\(,() bept. 28, 2()1 I8
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Agency’s proposal would require ADB
systems to produce a base lower heam
at speeds below 25 mph. These slower
speeds are anticipated primarily ia
crowded, urban environments where the
current irapacis of light polluiion are
likely the greatest. As a result, such
urban environments would not
experience chauges in light levels
prodiuced from motor vehicles as a
result of this proposal. In moderately
crowded, urban environments,
nighitime vehicles roay travel above 25
mph, thereby engaging the ADB system.
However, inn those cases, upper beam
use would likely be low, as the high
ievel of other road users would cause
the ADB system to rely on lower beams
for visihility in order to reduce glare for
other drivers. These areas may
experience small increases in '}
poliution as the upper beams
nceasionally engage, as well as
increased illumination associated with
lower b(”i[‘l shapiog by the ADB systen.
In rural areas, where traffic levels are
lower and driving speeds mayv be higher,
the use of ADB systerns is anticipated to
Jt in increased upper beam use.
vever, the low teaffic levels would
resu i{ m only moderate 3dr€"tional Light
ovtpul, and the low quaotity of arty ﬁt al
“.t;bt (:ll.(]ﬁt) in general would mean
that light poﬂu‘.mn levels overall wﬂuld
be anticipated to remain low.

The pr rop osed action is anticipated to
iraprove visthility withoud glare to other
drivers. In addition to the potential
safety benefits associated with reduced
crashes, this rule could result in fewer
instances of collisions involving
zmimﬂ]s on rm(‘sways, Upper beams are

sed primarily for distance illumination
whs)n nol mesting or closely followiog
d‘(l()ih(‘[ vehicle. Increased upper beam

. ¥
use in

ight

st

m]v h- environments, such as
rural ¢ dx ,may allow drivers
Anr‘rmbbd tm‘g to identify roadway
hazards {such as arg mais) and o stop,
slow down, or avoid a collision.

In addition, the impact of added
actificial Hght on wildlife located pear
readways would depend on where and
bow loug the additional Thunivation
occurs, whether or not wildlife is
present within a distance o detect the
light, and the sensitivity of wildlife to
the illumination level of the added light
Wildlife species located near active
roadways have likely acclimated to the
ht produced by passiog vehicles,
-nbluri‘n'r light assobmhod with upper
beams -w’hnh W() uid be the same under
the proposal in terras of brightness,
directionality, and shape as under
current xe.t;ulzm(;-ns 3. Any additional
disruption caused by increased use of
upper beams is nol feasible to quantify
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due to the extensive mumber of vaciables

associated with ADB vse and wildlife.
NHTSA is unable to comparatively
evaloate the potential light poliution
impacts of the proposal compared to the
other regulatory aliernatives (ECE
raquirements and SAE ]30&39}. For
example, the proposal requires that the

undimroed portion of the adaptive beam

meet the upper beam minima and the
dinmuned portion of the beam meel the
lower bearn minima. The SAE ';i'zm‘iz:r-:i
does nnot establish minima for eith
condition. However, NHTSA also
proposes that the undimmed portion of
the bean raay voi exceed the upper
beam rmaxima, whereas the SAER
standard does not speﬁifv an upper
bearm maxiraa for the undimmed
portion. Thus, while NHTSA proposes
more stringend regoirernents for ADB
systems, the wide variations still
permitted under the propesal and the
SALU standards make it difficult to
compare them wii:h any level of
certainty. Howsver, to the degree to
which ABD systems would function
similarly under each of those standards,
the environmentad irapacts would be
anticipated to be similar.

NHTSA seeks comment on ifs
analysis of the potential environmental
impacts of its proposal, which will be
reviewed and considered in the
preparation of a Fioad EA.

Agencies and Persons Consulted

This preamble describes the various
materials, persous, and agencies
consolted in the developroent of the
proposal.

Tentative Conclusion

NHTSA has reviewed the information
presented in this Deaft EA and
tentatively concludes that the proposed
action would not contribute in &
meardughil way to ight pf)lhati(m s
co 1})019@ to current conditions. Any of
the i {'1{)4(‘15; antici pated to result from
he alternatives under consideration are
ol e "pe(‘ted to rise to a level of
ignificance t }1(.1 necessitates the
preparation of an Environ mental Impact
Statement. Rased oo the ioformation in
this Draft EA and assuming no
additional inforraation or changed
circumstances, NHTSA &XPE,L,Lb io issue
a Finding of No Significant Impact
{(FONSI. Such a f'm‘im.q will not he
made before careful review of all public
comments received. A Final EA and a
FONSL, if appropriate, will be issued as
part of the final rude.

e
-

r:)

=

T/.'v

Execative Order 12988 (Civil
Reform)

Justice

With respect to the review of the
provouigation of a new regulation,

saction 3th} of Exec mve Order 12988,

“Civil Just 1(‘ Reform” {61 FR 4729,
Fehruary 7, 1998) requires that
Executive agencies make every
reasonable effort to ensure that the
regulation: {1 Clearly specifies the
presmptive effect; (2} clearly specifies
the effect on existiog Federal law or

regulation; {3} p‘"QVid&S a clear legal
standard for affected Lundnﬁi, while
promoting simplification and burdm)
reducticn; {4) cleacly &pe-‘\fws the
retroactive sffect, if any; (5} ddﬂqud{ely
defines key terms; and (6) addresses
other traportant issues affecting cladiy
and general draftsmanship und*‘r any
guidelines‘ issued by the Atiorney
General. This document is cousistent
with that requirement.

Pursuani to this Order, NHTSA notes
as follows. The issue of preemption is
discussed above in connection with E.O.
13132. NHTSA notes furiher that there
is no requireraent that individoals
submit a petition for reconsideration or
pursue other administrative proceeding
before they may file suit in court.

Regulatory Flexibility Act

Pursuant to the R u*uld'orv Flexihility
Act (53 U.S.C. 601 ef s5q., as ‘amended by
the Small Business Regulatory
Enforcement Fairness Act (SBREFA)} of
1498}, whensever an agen “y is required
to publish an NPRM or final rule, it
raust prepare and make avaﬂab]e for
public comment a regulatory flexibility
analysis [}\} A} that descbes the effect
of the rule on small entities (1o, small
businesses, small organizations, and
sraali governoenial juris ‘(‘51(‘1 uns) The
Small Business Administration’s
regulations at 13 CFR par{ 121 define a

small huQinem in part, as a business
entity “which f)poraioq primarily within
the United States.” {13 CFR 1:1.10.3('_\ 1
No regulatory flexibility analysis is
required if the head of an agency
certifies that the rule will not have a
significant economic impact on a
substantial raunber of small entities,
The SBREFA amended the Regulatory
Flexibility Act to reguire Federal
agencies to provide a statement of the
factual basis for certifying that a rule
wi]l nnt bave a sigonificant econcwic

mpact on a substantial number of small
enfities.

NHTSA has considered the effe
this rulemakiog action voder the
Regulatory Flexibility Act. According to
13 CFR 121.201, the Small Busiess
Adniinistration’s size standards
regulations used to define small
husiness concerns, manufactorers of the
vehicles covered by this p[uposed rule
waudd fall nnder North American
Industry Classification System (NAICS)
No. 338111, Aufomobile Man ifacturing,
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which has a size standard of 1,000 more than $100 mdllion annually
ex*iplovees or fewer. {adjusted annually fo nﬂdfmn with \
NHTSA estirnates that there ave six Lasg year of 1995). Adjusting this Anyone is able to search i_hel
emall light vehicle manufactorers in the ,3m(,1h.i bj, the traplicit gross domestic electronic form of all comments
U.8. We estimate that there are eight ¢ 2013 resulis in  [eceived into any of our dockets by the

headlamp manufacturers that could be
impacted by a final rule. 1 herehy certify
that if made final, this pr upﬂsed rule
would not have a sigrificant sconomic
impact on a substantial number of small
entities. Most of the affected antities are
not small businesses. The proposed
rule, if adopted, will not esiablish a

mandatory requirement on regulated
Persons.

National Technology Transfer and
Advancement Act

33

Under the National Techoology
Transfer and Advancement Act of 1995
(NTTAA} (Pub. L. 104~113}, “all Federal
agencies and departments shall use
technical standards that are developed
or adopted hy voluntary consensus
standards bodies, using such technical
%tzm'iards as a means to ca rey oud palicy
obiectives or activities dctermmgd by
the ¢ 130 ncies snd departments.”
Voluntary consensuos standards ate
tebhm(‘al standards {e.g., materials

specifications, test ruethods, sampling
procedures, and husiness prachcobi that
are developed or adopted by voluntary
consensus bt'md'lrds hodies, sach as the
Society of Automotive Enginsers (SAE).
The NTTAA directs this Agency to
provide Congress, tll ough OMT‘,
explanations wheo the Agency decides
not to use available and applicable
voluntary conseasus standards.

SAE International has publish*‘d a
voluntary consensus standard (SAE
506*3 JL[\?UJS) for ADB systems. The
going Qmmons of this document
1 detail areas in which we
fo 11 oW Or depart from SAE J30689.

Paperwork Reduciion Act

Under the Paperwm‘k Reduction Act
of 1895 (PRA} (44 U.5.0. 3501, ef seq.),
ederal agencies must ohtain approval
frara the Office of Management and
Budget (OMB) for each collection of
lnfonratm;l they conduct, sponsor, or
require through regulations. This
rulemaking would not establish any
new information collection
requirements.

*1'1

Unfunded Mandaies Reform Aci

The Unfunded Mandates Reform Act
of 1895 (Pub. L. 1044} (IMRA}
requires agencies fo prepare a written
assessment of the costs, benefils, and
other effects of proposed or final rules
that include a Federal mandate likely to
resudt in the expenditures Ly States,
local or tribal governments, in the
aggregate, or by the private sector, of
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product price deflator £
$142 million (109.929/75.324 = 1.42).
The assessment may he included in
conjunciion with other assessients, as
it is bere.

This proposed rule is not ikely fo
result in expenditures by State, local or
tri b ! governments of more than $100
millinn annually.

UMRA requires the Agency to select
the “least (:oshy, minst cost- enr‘(:i.ive or
least burdensome alternative that
achieves the objectives of the rude.” As
discussed ahove, the Agency considered
alternatives to the proposed role. We
have tendatively conchided that noue of
the alternatives are preferable to the
alternative proposed by the N NPRM. We
have tentatively concluded that the
requirercents we are proposing today
are the most cost-effective alternatives
that achieve the objectives of the rule.

Plain Lenguage

ixecotive Order 12866 and E.C.
13563 require each agency to write all
rdes in p] ain language. Application of
the principles of plain language
includes consideration of the following
guestions:

» Have we organized the maierial to
suit the public’s needs?

» Are the regquirements
clearly stated?

» Does the rule contain techaiceal
language or jargon that isn't clear?

» Would a different format {(grouping
and order of sections, use of 1193(1111&;8
paragraphing) make t the rule sasier {o

understand?

¢ Wondd more (but shorter) sections
be better?

« Could we iraprove clarity by adding
tahles, lists, or diagrams?

s What else could we do to make the
rule easier to understand?

If you have any responses to these
questions, please include them in your
comunents on this prs)posal.

in the rule

ifier Number {RIN}

The Depariment of Transp()"{atim‘
i38igns a regulation identifier nurmber
(RIN 3 to each regulatory action listed in
the Unitied Agenda of Federal
Fegulations. The }\efum'ow Information
Service Center publishes the Unified
Agenda in April and Getober of each
vear. You may use the RIN contained in

the heading at the beginning ()i this
document to find this action in the

Unified Agenda.

&

narae of the individual submitting the
commient {or signing the comment, if
submiited ont behalf of an association,
business, labor un 'mn, ate). You may
review DOT’s complete Privacy Act
Siatement in the Federal Reg ster
published on April 11, 2000 {85 FR
19477-78).

XL Public Participation

How do I prepare and submit

comments?

Your comments must be written and
in English. To ensure your coroments
are correctly filed in the Docket, please
include the docket number of this

docuruent in VOUr commenis

Flease organize your comments so
they appear in the same order as 1br—;
topic to which they respond appears in
the preambie. Please number comiaents
as they are numbered in the preamble.
For example, & comraent concerning the
placement of the photometer on an
oncoming vehicle might be laoeied
“VILb.4i.3.a—Photometer Placernent for
Oncoming Vehicles,” or “VHLbii. 53—
Photometer Placement.”

Your comments must not be more
than 15 pages jong. {49 CFR 553.21). We
established this Himit to encourage you
to write your primary comments in a
concise ﬁashu,n However, you may
attach necessary additional documents
to your coraments. There is no limit oo
the length of the attachments.

Commends may also be submitted to
the docket electronically M loxrgA-Ag onto
the Docket website at hitp//
www.regulations.gov. Follow the online
instructions for submittin ng conuments.

Please note pursuant to the Data
Qualitv Act, for substantive data to be
relied upon and used by the Agenay, it
must meet the information quality
standards set forth in the OMB and BOT
Data Quality Act guidelines.
Accordingly, we encourage vou to
consult guidelines in preparing you
comments. OI\/AB s guidelines may be
accessed at hitp:/fwww.owhitehouse.gov/
omb/fedreg/reproducible html.

thot my comments

How can I be sure
were received?

If you wish the Bocket to notify you
upon its receipt of your comments,
enclose a self- ad(ir-zss“-i. starnped
posteard in the envelope containing
your comunents. Upoo receiving your
comments, the Docket will return the
postcard by mail.
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How do I submil confidential business
information?

I you wish to submil any information
under a claim of confidentiality, vou
should suhmit three copies of your
complete subroission, including the
miurmatmj you Llaur to be confidential
business informaiion, to the Chist
Counsel, NHTSA, at the address given
above under FOR FURTHER INFORMATION
CONTACT. In addition, vou should
submit a (‘opy, from which you have
deleted the clairued confidential
husiness mformation, to the docket at
the address given above under
ADDRESSES. When you send a comnient
condaining information claimed to be
confidential business informatinn, you
should include & cover letter setting
forth the information specified 1o our
confidential business information
regolation. {48 CFR part 512.)

Will the Agency consider late
commenis?

We will consider all comments
raecetved before the close of business on
the comment closing date indicated
above under DATES. To the extent
possible, we will also consider
comments the dockst receives after that
date. U the docket recerves 3 comment
too late for us to consider in developing

a final rule {assuming that one is
issued), we will consider that comment
as an informal suggestion for tuture
rulemakiog action.

How can I read the comments submitied
by other psople?

You may read the comments received
by the docket at the address given above
Lmds r ADDRESSES. The hours of the
docket are indicated above in the same
location. You may also see the
comuneats on ihe iotermest. To ead the
comunisnts nn the ioternet, go to hitp://
WWW.r lations.gov. Foll uw the online

instruntions for anc essing the dockets.

Please note: Even aitbf the comment
closing date, we will continue to file
relevant information in the docket as it
becomes available. Further, some people
may submit late comments.
Accordingly, we recommend thal you
periodically check the Docket for new
material. You can arrangs with the
docket {0 be notified when others Ble
cornments in the docket. See
www.regulations.gov for more
inforration.

X1V. Appendix A to Preamble—Road
Humination and Pedestrian/Cyclist
Fatalities

The Agency examived crash risk thai
could reasonably be linked to vehicle

TABLE A 1—LIGHT CONDITION PEDESTRIAN/CYCLIST FATALITIES

{Light vehicle types «=130,000 Iha ]

headlighting to dermonstrate the safety
issue which ADB optional equipment
could potentially impact. We explored
the correlations between pedestrian and
cyclist fatalities {FARS 20062016 data)}
and light conditions, as well as the
correlations between padestrian and
cyelist injuries {GES 2006-2016 data)
and light conditions. Then the ratios of
podmtndn/mdﬂt fatalities over injuries
were also examined. The Agency
tentatively believes that a bigher vatio of
fatadities {o injuries deraonsicates arnong
patential s)iher influences, driver
recognition and attempts o avoid these
crashes. The basic concept is that
limited visibility can result in late
reactions and deadly crashes.

The following tables indicate
combined pedestrian and cyclist
fatalities, associated with light vehicle
(/—10 000 1bs.} crashes only and in “all
areas” (rucad, u[ba 0, and oihr‘m};
decreased fom 4,755 in 2006 to the
number of 4,130 in 2609, but the
ies increased steadily from 2009 to
the highest number of 5,912 in 2016. In
particular, there was an increase of
7.1% from 2015 to 2016 in pedestrian
and cyclist fatalitias,

FroMm FARS 2006-2018

Year Day fight Dark D@z;ggt Dawn Dust LE:E ii(l 98;\ Othera Not-rept. | Unknowr faT;E‘tS!e o

1,386 1,571 82 128 0 0 [A] 17 4, 755
1,433 1,485 o6 08 O 0 0 18 4,582
1,285 1,463 78 122 ¢ 0 o] 13 4 38/
1,252 1,463 71 97 39 Q 4] g 4,130
1,254 1,483 77 84 45 5 2 ) 4278
1,247 1,568 &7 113 35 4 3 8 4,438
1,335 1,726 79 105 29 2 3 5] 4,874
1,338 1,641 74 113 25 1 ) 7 4,734
1,383 1,897 a0 111 25 4 2 10 4,847
1,453 1,073 91 1358 &7 2 3 & 5,51 9
1,498 2,183 33 138 72 2 3 22 5,812

Total 14,873 18,264 884 1,244 337 20 21 121 52,554

In addition to the fatalily dats, GES
20068~20186 data are used to explore how
many pedesirians and cyclists were
injured {e.g., ‘severity’ nnt equal zero)

under varions light conditions. With
both FARS and GES data, we are then
ahle to calculate the ratic of *fatalities
aver injuries’ {(Fatality Rate} under

various lght C'()Y'dit;()v'%, o corapare the
relative faiadity rates (%) under various
light conditions.

TABLE A 2—(GES 2006-2018 WEIGHTED INJURED PEDESTRIAN/CYCLISTS
{Light vehicle types <=10,000 Ibs. only]
Year Day fight Dhark Diagyr;(?{\;t Dawn Dust LE?E‘ES;“\ Gthers Not-rept. | Unknown F;‘;SE?L
2006 &7,100 8,288 22,531 1,582 4,333 0 O 0 1.471 106,305
2807 71,728 8,285 28,216 1,404 4,010 0 O 0 738 114,378
2008 84,521 8,838 22,008 1,606 3,178 0 O 0 1,208 121,414
2809 73,771 8,037 24,157 1,588 2,835 1,376 20 0 260 112,142
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TABLE A2—GES 2006-2018 WEIGHTED INJURED PEDESTRIAN/CYCLISTS—Continued

{Light vehicle types <=10,000 lbs. only]

‘e : " Dark but s " ark & . e ewa Total
Year Day fight Dark fighted Dawn Dust ukn. light Others Not-rept. | Unknown injuries
84,670 8,358 25,808 2,846 4,400 537 0 106 98 124,825
80,876 7.344 27,896 2,056 3,373 282 0 436 378 122,753
80,833 8,864 33,813 707 4192 489 12 a7y 81 126,579
74,277 8,305 28,805 880 4,181 457 15 47 118 117,161
77,258 8,501 28,520 1,326 4,804 347 1 293 54 121,318
76,817 9,074 27,223 1,627 3,268 802 15 4431 73 118,009
86,861 12,822 34,781 2,381 4,549 1,378 0 408 287 153,558
Total 868,813 896,267 303,969 18,183 43,024 5,488 73 2,088 4,766 | 1,342,628

From the previous fatalities and
injuries tables, the following table
provides ratios of fatalities over injuries
{fatality rates) under various light
condiiions. DPark’ condifion resulied io

the highest fatality rate. In other words,
the following table provides the
probability or risk of pedestrisn/cyclist
fatality under certain light condition
when a crash occorred, which could

Table A3

further lead to the relative risk (RR)
comparison of two different light
conditions.

Fatalities over Injuries Ratios of Pedestrians/Cyclists

(FARS 2006-16, and all injuries: GES 2006-16)

= - = = = W
0 & g =3 ) ~ a = 3 = &
] 5 2, -~ 4
Fatabtics
14 873 16,810 18,264 864 1,244 337 24} 21 121 32,554
(FARS)
134262
{njurics {GES) 868,813 96,267 303,969 18,163 43,024 5488 73 2,063 4,766
9
Ratio of (fatalitics
1.71%% 17 46% 6.00% 4. 76% 2.849%% 614% | 27.40%  1.02% | 2.54% 3.91%
finjuries}

These tables indicate that thers are
16,810 pedestrian and cyclist fatalities
under ‘Dark’ condition (FARS 2006-16};
guder the same condition, GES data
(2006-2015) lodicate there are 96,287

injured pedestrians/cyclists. The fatality

rate, e.g., fatalities/injured persons =
17.46% (‘Dark’ condition). Similarly,
there are 18,264 pedestrian and cyclist
fatalities under ‘Dark but Lighted’
condition and 303,989 injured
pedestrians and cyclists, which
resulting in a ratio of 8.00% {in “Dark
but lighted” condition).

Page 156 of 1219

The Agency first noted the trend
within these unfiliered ratios seeming to
indicate the possible relationship
beiween the amourd of light available to
a driver and the fatality risk to
pedestrians and cyclists. That is to say,
if we exaruine fatalities rates for
‘Davlight’ (1.71%), ‘Dark but lighted’
(6.00%), and Dark’ (17.46%), and
assume these represent decreasing
visthility, we note there appears to be an
inverse relaiionship between the
amount of light available and the odds
for a pedestrian or cyclist being killed
if a crash ocours.

However, light condition mayv not be
the only risk factor contributing to the
pedestrian/oyelist fatality vate hut many
other confoundiog factors may
simultaneously contribute to different
fatality rates under different light
conditions. Gther confounding fctors
may jnchude deiver or pedestrian
behaviors, vehicle type, travel speed,
road condition, driver drinking status,

ural/ocban difference, EMS, person
age/health condition, and mors. The
next table examines a similar fatality
rate comparison made by focusing on s
sraalier target population of ‘noo-
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drinking’ crashes only because it is
likely Hght condition and drunk driving
are themselves related.

TABLE A 4—PEDESTRIAN/CYCLIST Fa-
TALITIES INCLUDING 'DRIVER NOT
DRINKING” CRASHES ONLY
[Light VEH <=10,000 Ibs, FARS 2008--16}

o Day ; Dark but
Year tight Bark hgnted
2006 1,302 1,369
2007 .. 1,351 1,204
2008 ... 1,200 250
2008 ... 1,187 1,050
2010 1,164 1,180 .,?65
1,245 1,336
1,431 1,493
1,378 1,432
1474 1,472
1.842 1,762
1,752 1,836
Total ... 13,676 15,085 15,825

TARLE A.5—PEDESTRIAN/CYGLIST IN-
JURIES  {iINd SEV NoOT ZERO) IN-
CLUDING  'DRIVER  NOT-DRINKING
CRASHES ONLY

fLight veh. <=10, 000 ibs. and GES 2006-16f

- Day ; Dark but

Yeas light Dark fighted
2006 s 7029
2007 ... 7479
2008 .. 8151

209 7184 | 2o7Em

5144 | 24872

2 7088 | 28387

2012 8518 | 321

5015 . o 7.811
5G4 76.201 8533
v
1 —

TABLE A.5—PEDESTRIAN/CYCLIST IN-
JURIES {INd SEY NoOT ZERO) IN-
CLUDING  ‘DRiVER  NOT-DRINKING
CRASHES ONLY—Continued

fLight veh. <=10, 000 Ibs. and GES 2008-18]
Day . Dark but

Year fight Rk lighted
75,831 8,558 26,409

95,228 11,815 33,339

otat 549,390 8g,321 283,743

TABLE A.B—RATIOS OF PEDESTRIAN/
CYCLIST FATALITIES OVER INJURIES
INCLUDING 'NOT-DRINKING DRIVER'
CRASHES ONLY DURING 2006-2018
AND LIGHT VEHIGLES <=10,000 188.

R Day , Dark but
Yea fight Bark lighted
Fatalities ... 13,976 15,065 15,825
IS e 849,390 893,321 283,743
Ratio of
(fatalitios/
injurias) 1.685% 16.87% 5.58%

In examining prgvinus tables, we note

the trend demonsteatis 1g an inverse

raelationship between light and the
fatality risk for pedestrians continues for
crashes not invelviog slechol. If our
hypothesis bonsldgrmﬂ long distance
visibility coniributes to the fa v risk
o pedestrians and cyclists, then we
should also expect a relationship
between speed, Hght, and fatality risk.
That is to say, we would expect that at

s, a driver may be more likely
time to overcome limited

and mitigate crash severity but
iess hkoly to be able to rr‘cmbg crash
severiiy at higher speeds. The followiog
analysis considers both speed limit an
light condition.

Correlations between the ps)dpsnid
cyclist fatal probability and risk factors
could be descdbed by the foliowing

equation, where ‘p’ stands for the
probability of ‘pedestrian/cyclist
fatality”, “1-p” stands for the prohability
of ped99t" an/cyclist non-fat ahty , and
pfi-p) is the ‘0dds’ of the crash
rgsoltngl ‘pedestrian/ VLhS' fatality’
versus ‘pedestrian/cycist non-fatality’.
We conducted a multiple logistic mundel
that included ‘light condition’, ‘speed
Hait” and ‘deinking’ into the
consideration simultaneously. The logit
model provides the odds ratio (OR] of
two different crash conditions
associated with each predictor variable,
such as comaparing the better light
condition with darker light condition;
comparing higher spesd it {(+5 MPH;}
with next lower spgcd Bmit; and
comparing the alcohol anolwd crash
with not-alcobol involved crash
OR value of larger than 1.0 indic
higher chance of pedestrian/cy
fdtdlih while less than 1.0 for lower
chance of pedestrian fatality. The model
treats pgdestmanmvrhbt fatal crash as
‘outcome’, in which FARS 2006-2016
fatalities and GES 2006-186 injuries ate
used.

> = exp{fo + piLightlondition + BySpeedlimit + Sy Drinking)

Or, the probability of pedestrian/cyclist fatality is expressed by:

exp{fy + filightCondition + B,Speedlimit + 3 Drinking)

1+ exp(fy + filightCondition + 8,5peedLimil + . Drinking)
TABLE A 7—PEDESTRIAN/CYCLIST FATALITY ODDS RATIOS FROM LIGHT CONDITION AND SPEED LIMIT
Qdds ratio 85% OR 85% OR
Comgarison between two different light conditions {OR) point confidernice confidence P-value
estimate lower ugpar
‘dawn of dust’ vs. day HGHY 1.930 1.781 2002 <{.0001
‘dark but lighted' vs. ‘day light’ 2711 2.586 2.830 <0.0001
‘dark’ vs 'day fight’ ..o 5.004 4.807 5.209 <0.0001
higher speed limit (5 MPH} ... 1.512 1.480 1.534 <(.0001
Drinking versus NOT e 1.865 1.849 2.087 <(.0001
ANALYSIS OF MaxXiMUM LIKELIHOOD ESTIMATES AND PARAMETER ESTIMATE OF EQ.
Parameter es- Waid

Comparison between two different light conditions

timate (3

Siandard error

v Poyalue
chi-sqare value

intercept
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ANALYSIS OF MAXIMUM LIKELIHOOD ESTIMATES AND PARAMETER ESTIMATE OF EQ.—Continued
Comparison between two different light conditions Parameler es- Standard error Wald P-vatue

tirnate {3;)

ohi-sgare

‘dawn or dust’ vs. ‘day’
‘dark but lighted’ vs. ‘day’
‘dark’ vs 'day’

higher speed limit (5 MPH}
‘Prinking’ vs ‘not-drinking’

~(0.588
0.1808
0.7940
(.4133
(3.6753

0.0282 20.4 <0.0001
0.0157 1321 <0.0001
(.0147 28041 <0.0001
0.00734 3174.6 <0.0001
0.0308 77.97 <0.0001

When fadalily chances ooder two
different light t conditions are r‘ompfcd,
the pede%tnan yclist fatality chance
vuader ‘dawn or -i,sk condition is 2
times the fatality chance under “day
light’ condition (OR = 1.93); similarly,
the pedestrian/cyclist iatahty chance
oader ‘dark’ condition 1s 5 tirnes the
fatality chance under “day light” (OR =
5.00); the fatality chance under ‘dark’
condition is 1.87 tmes {5.00/2.7 = 1.853)
the fatality chance under ‘dark hut
lighted” condition, or in other words,
the fatality chance under ‘dark but
ighted’ condition is approximately 54%

70/5.00 = 0.53} of the fatality chauce
"dark’ condition. This analysis seems
to indicate an improvement of light
conditions could be hﬁlpﬁﬂ fﬂr
u}lg)if}m’h-g and reducing fatality
probability. With a higher spx r‘(i Timit
(+5 MPH), the ppumtnd:l/cvdmtf Bty
chance is u% hxghm (OR =1.51)
approximately. Drinking may result in
2.0 tires fatalit v rate.

List of Subjects in 49 CFR Part 571

Muotar vehicle safety, Reporting and
recordkeeping requirements, Ruthber
and rubber products.

i
¥
33

D

Proposed Regulatory Text

In cansideration of the foregoing, 49
CFR part 5371 is proposed to be amended
as set forth below.

PART 571—FEDERAL MOTOR
VEHICLE SAFETY STANDARDS

® 1. The authority citation for part 571
of title 498 coniinges to read as follows:
Authority: 49 U.8.C, 322, 30111, 30115

30117, 30166; delegation of authority at 49
{FR 1.85.

® 2. Amend § 571.108 by:
® a. Revising par a:—;-dp'“; b(} 4.1,
58.4.1.1, 89.4.1.2, 89.4.1.3, §9.4.1.4, and

® b Adding paragra }1' 559.4.1.5.1
through 59.4.1.5.3 in numerical order;
® c. Revising paragraph 8$8.4.1.6;

& d. Adding p;sragrpahs 59.4.1. 1‘ 1
through §9.4.1.8.8 in numerical order;
® e. Hemoving $9.4.1.7;

& [. Revising paragraph 89.5;

g. Adding paragraphs §14.8.3.12
Eh] cugh $14.9.3.12.8.1, tables XIX—d

Page 158 of 1219

and XX, and figures 23 through 25 io
numerical ordgr and
g b. Removing the appeondix to the
saction.

The revisions anc
follows:

1 additons read as

§571.108 Standard No. 108; Lamps,
refiective devices, and associated

squipmeni.
* * * * ES
538.4.1 Semioutomatic headlomp

heam switching devices. As an
alternative to S9.4, a vehicle may be
equipped with a semiavtomatic means
of switching between lower and upper

heams that compiies with 8.4.1.1 though
89.4.1.4 and either .4.1.5 or 9.4.1.6.
58.4.1.1  Uperali p nstructions.

Each sem13u'on"1t1 ¢ head
switching device mnb{ inclu d e
operating instruction to perm
to operate the device cor mLtiy
weloding; bow to turn the automatic

control on and off, how to adjust the
provided ¢ sensitivity control, and any
other spacific instructions applicable to
the partw lar device.

89.4.1.2  Manual override. The
device must include a mean
converdent to the driver for switching to
the opposite beam from the one
pravided.

$9.4.1.3 Fuil safe operation. A
ailore of the aniomatic contral portion
of the device must not result in the loss
of manual operation of both upper and
lower bearus.

538.4.1.4 Auvtomafic dimming
indicator. There must be a convenient
means of informing the driver when the
device is controlliog the headlamps
automatically. For systems certified to

Iption 1, the ievne shiali not affect the
function of the upper beam indicator
light.

58.4.1.5—0ption 1 {Semiautomatic
Headlamp Beam Switching Devices)

89.&.1.‘).1 Lens accessibility. The
device fens must be accessible for
cleaning when the device is installed on
a vehicle.

59.4.1.5.2 Mounting height. The
cerder of the devics lens must be
mounted no less than 24 in. above the
road surface.

59.4.1.5.3 Physical tests. Each
serniautomatic hea wdbamp beam

t adriver

Gt

switching device raust be desizgoed io
couform to all applicable performance
requirements of 514.9.

58.4.1.6—0ption 2 {Adaptive Driving
Beam Systems).

$8.4.1.6.1 The system raust be
capable of detecting system
malfunctions {including but not Bmited
to sensor obsiruction).

58.4.1.6.2 The system must notify
the driver of & malfunction. If the ADB
svstem detects a fault, it must disable
the ADB system aad the lighiing systern
shall work in maoual mode votil the
fault is corrected.

59.4.1.6.3 The system must be
designed to canfarm fo the photoraetry
requirements of Table XI¥~d when
tested according o the procedure of
$14.9.3.12, and, for rcpldcmulo b.hb
headlighting systeras, when using any
replaceable light source designated for
use in the system under test.

59.4.1.6).4 When the system is
produocing an upper beam, the qy ster
raust be designed to conform to the
photometey u,qmromems of Table XVII
as specified in Table I for the specific
headlamyp unit aod aiming method,
when tested according to the procedure
of §14.2.5, and, for replaceable bulb
headlighting systerus, when using any
replaceable light source designated for
use in the systen: under fest.

59.4.1.8.5 For vehicle speeds below
25 mph, the system must produce a
lower beam {unless overridden by the
reanusl operator according to 89.4.1.1)
designed to conform to the photometric
intensity requives of

Table XIX-a, X1~
i, or XIX~c as specified in Table If for
the specific headlamyp onil and alaing
niethod, when tested according to the

rocedure of 514.2.5, and, for
replaceable bulh h-)qdhg_,himo systerus,
when using any replaceable light source
designated for use in the systenm under
test.

S8.4.1.6.6 When the systeni is
prodociog a lower beam with an area of
reduced light intensity designed to be
directed towards oncoming or preceding
vehicles, and an srea of voreduced
intensity in other directions, the svstem
muost be designed to conform to the
photomietric intensity requirements of
Table XIX—-a, XIX~b, aor XIX~—c as
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specified in Table T for the specific
hr‘hdl'\mp unit and aiming method,
when tested dmmddﬂj to the procedure
of §14.2.5, and, for replaceable bulb
headlighting systems, when using any
Eep-m eable light source ieslgnafed io(
use in the system under test, within the
area of redoced ind tensity.

88.4.1.6.7 Whan the system is
producing a lower beam with an area of
reduced lngE intensity designed to be
directed towards oncoming or preceding
vehicles, and an area of unreduced
inteusity in other directions, the system
must be designed to conform to the
photoraetric inteosity requirements of
Tahle XVII as specified in Table If fnr
the spacific hs,udhmp ooit and airoin,
ruethod, when t (mw(i according to the
procedure of 514.2.5, and, for
replaceable bulb headlighting systers,
when using any replaceable Alght source
designated for use in the systenm under
test, “within the area of unreduced
intensity.

56.4.1.6.8 When the ADB syst
activated, the lower beam may b ‘”e
provided by any combination of
headlawps or light sources, pmvi‘ied
there is a pdelﬂ" lamp. I parking lamps
mesting ihe requirements of this
standard are niot installed, the ADB
sysiemt raay be provided vsing any
conthination of headlamps but must
include the outermost instalied
headlamps to show the overall width of
the vehicle.

* * * ES *®

SGRE

S8.5  Upper beam headlamp
indicator. Bach vehicie must have a
means for indicating to the driver when
the upper beams of the headlighting

system are activated. The upper heam
headlamyp indicator is not required to be
activated when an Adaptive Driving
Beara Systerna is activated.
* * % % *

$14.9.3.12  Test
adaptive drivin
requirements.

514.9.3.12.1  Stimulus Vehicles.
There shall be one stimulus vehicle
equipped with pholometers to rweasure
the light emitted by the ADB-equipped
\Jem(‘iﬂ being tested (test vehicle). The
stimulus vehicle ruay be of any of the

h cle types defis red in 46 CFR 571.3
( reludiog tead 191 motor-driven cycies,
and low-speed vchmigs) and shall be
certified as conforming to all applicable
FMVSS, be from any of the five mmie]
years prior to the model vear of the test
vo.hrl-z, and be a vehicle oo which it is
possible to locate a photometer to
measure oncaming glace as specified in
514.9.3.12.3.

S$14.8.3.12.2 Photomeiers.

S14.9.3.12.2.1  The photometer must
be capable of 2 minimum measurement
urit of 0.01 lax.

514.8.3.12.2.2
values fmm the photomesters
collected at & rate of at least 200 Hz.
Multiple photometers {or photometric
recepior heads) may be used provided
that they satisfy the roqmremcntb of
514.9.3.12.8.

$14.9.3.12.3  Photometer Placement
The p‘“otomei_ers are placed in positions

hat are free frora shadows and
reﬂecuons rom the stimulus vehicle’s
surface duriog the fest.

$14.9.3.12.3.1  The photometer is
oriented such that the plane in which

ADB TEST MATRIX

liance with

for compl
tometry

beam pho

The ithuuinance

shall be

the aperture of the meter resides is
perpendicular to the longitudinal axis of
the stimulus vehicle and facing forward
or rearward according to the test,

514.9.3.12.3.2  Placement of
phoiomei@r& to measure glave fo
oncoming vel

514.9.3.12.3.2.1  Longitadind]
position. The | homme er shall be
positioned oniside the vehicle, forward
of the winds cid and rearward of the
bead]amps.

$14.9.3.12.3.2.2  Latera! position.
The phoioreter shall be positiconed
hetween and including the vehicle
longitudinal centerline over to the
driver’s side A-pillar.

514.9.3.12.3.2.3  Vertical position.
The phatometer shall be positioned
between the bottom of the windshield
and the fop of the windshield subject o
the lower and upper bounds specified in
Tahle XXL

S14.9.3.12.3.2.4 Hitisnot prSlbib
to so p( ssition the “0*(‘{'1( {er, the
vehicle is not ehﬁlbic as a stimulus
vehicle

S14.9.3.12.3.3  Plocement of
pnotometers to measure glare to
preceding vehicles. Photometers raay be
positiuded at any location on the
driver’s side outside reacview mircor
and/or the passenger’s s side outside
rearvisw mirror, and/or oulside the
vehicle, directiy cutside the rear
window, horizontally and vertically
centered with respect to the inside
rearview miiiror.

514.9.3.12.4  Test road.

514.8.3.12.4.1 Test Scenario
Geometry. Test scenarios shall involve
straight roads and curved roads.

hicles.

Stimuius Test vehicle Radius of - :
Test matrix No. vehicle speed speed curve Supereoic;vaﬁon
(mph) (mph) (i) %

G370 80-70 Straight 0-2
Q 80-70 Straight -2
40-45 070 Siraight {-2
G370 40--45 Straight 0-2
25-30 25-30 320-380 o-2
O 25-30 32(3—'*80 02
4045 40--45 730-730 0--2
Y 40-45 70\/—790 o-2
30-35 4045 7306790 -2
4045 30--35 730-790 0-2
53-85 50-55 1,100-1,300 0-2
50--55 4045 1,100--1,300 -2
40-45 &0-55 1,100-1,300 0-2

514.9.3.12.4.2 T‘i curves shall be of 514.9.3.12.4.4 The lane width shal than the mounting height of the

3 constant radms withio the range listed  be fom 3.05 w (10 ft.} 10 3.66 (1‘.7 fi.} stimulus vehicle’s headlamps.
in the ADB test matrix m"l“ S514.9. 3 12.4.6 The lanes shall 514.9.3.12.4.7 The tests are

$14.9.3.12.4.3 The test road shall
have a longitudinal grade {slope} that
does not exceed 2%.
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adjacent, but raay have a median of up
o 6.1 m {20 ft.}) wide, and shaill not have
any barrier taU(; ihan 0.3 o1 (12 100} less

conducted on a dry, unifor
paved surface. The road surface shall
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have an Interpational Roughuness Index S14.9.3.12.4.9 The test road surface S14.9.3.12.5  Test Scenarios.
(IRI} of less than 1.5 m/km. ay have p'\voment miarkings. and shall 514.9.3.12.5.1 The scenarios

514.9.3.12.4.8 The road surface may b Free of retroreflective material or specified in the table below, and as
he concrate or asphalt, and shall nc th elements that affect the oulcome of the lustrated in Figures 23, 24, and 25,
bright white. test. may be tested:

ADB TEST ORIENTATION
fasurement
Direction Lane orientation/maneauver Test matrix No. distance
{m}

OICOMING oo AJECONT 15 0 220.

Same Direction ...
Same Direction ...
Same Direction

Same Lane
Adjacent/Passing ...
Adlacent/Passing

3010 119.9
1510 119.8.
3G to 118.9.

i each of the test
passing mansuver,
will be located in the
throughout the test

$14.9.3.12.5.2 P
runs that include a
the faster vebicle-
left adjacent lane
run -‘kc Fig. 25}

814.8.3.12.5.3 Tor each of the test
runs that include a curve, the test
vehicle must meet the compliance
ceiferia specified in 814.9.3.12.8
anywhere along the curve.

514.9.3.12.5.4 The measurement
distance is the Unear distance measured
from the intersection of a horizontal
plage throogh the headlamp light
sources, a vertical plane Ehx ough the
headlamp light sources and a vertical
}“13119 through the vehicle’s centerline to
the forward most point of the relevant
photometric receptor head mounted on
the stimulus vehicle.

S14.9.3.12.8  Test conditior

514.9.3.12.6.1 Testing f)h:uz be
conducted on dry pavement and with
no precipitation.

§14.9.3.12.8.2  Testing shail be

conducted only when the ambien
iiiumn‘mhub at the test road as recorded
by the photometers is at or below 0.2
bz

514

S14.

~Test Pr ocedures.
Vchz e preparation.

§14.¢ Tires ou the
strnuius and the test vel Lleb are
inflated to the manufacturer’s
recopunsaded cold inflation pressure
+6895 pascal {1 psi). H more than ene
recomnmendation is provided, the tires
are inflaied {o the lightly loaded
condition.

514.9.3.12.7.1.2  The fuel tanks of
the stimulus and the test vehicles are
filled to approximately 100% of
apacity with the appropriate fuel and
maiontained to at least 75% percent
capacity throughout the testing.

814.9.3.12.7.1.3 et sdlaraps on the
stimulus and test vehicles shall be
girged according to the manufactorer’s
instructions.

514.9.3.12.7.1.4 e ADB system
shall be adjusted accordmg to the
manufacturer’s instructions.
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514.9.3.12.7.1.5 To the extent
practicable, / DE ensors and the
windshield on the test vehicle (if an
ADB sensor is behind the windshield)
shall be clean and {ree of dirt and
debris.

514.9.3.12.7.1.6 The headlamps
lenses of the stimmulus vehicle and the
=0 t vohicles shall be ¢lean and free from

irt and debris.

‘3149312 7.2 Prior {o the start of
each test, the photorneters will be
zeroed in the orientation {with respect
io the surroundings} in which the test
scenario will b(, conducted. For tests

conducted on curves with ambient light
sources such as the moon or

nirastructure lighting that cannot be
sliminated, the photoraeters will be
zeroed in the direction of maximum
ambient light. The vehicle iip.h ing oo
the stimulus vehicle shall be'in the
sarne state as it will be during the test.

S14.9.3.12.7.3 The ADE systern shall
be activated according to the
manufacturer’s instn \(‘i ions.

514.9.3.12.7.4 Foreach testrun, a
speed that conforms to the ADB test
matrix table will he selected for cach
vehicle. The vehicle will aclueve this
spesd +0.45 m/s {1 mph) prior to
reaching the data measurement distanc
spec ified in the ADH test orientation
table and maintain it within the range
specified in the test roatix table
throughout the remainder of the test.
Doring each test run, once the test speed
is achieved and maintained, no sudden

ceeleration or braking shall occur.

914 8.3.12.7.5 All vehicles shall be
driven mt}u o the lane and will not
change lanes during the data collection
poiion of the test.

514.9.3.12.7.6 The ilhuninance
valuss for each photometer and the
measurement distance shall be recorded
and svv‘Lhro-A- 78

$14.9.3.12.8 Cumpi' ance Criteria.
The maximuot 1Hoounaoce, as
calculated ﬂcco"dmﬂ tc 514.9.3
shall not exceed the. ap}.LLable

m;.A-

3.12.8.1,

maxiraurg Blurainanee values in Tahle
XIX~d.

514.9.3.12.8.1 The maximum
illuminance will be the single highest
illuniinance recorded within the
distanice range ex’cludmg momentary
spikes above the Hmits lasting oo longer
than 8.1 sec. or ov dxatam. > range of
na longer that 1 mei_er.

* * ES * %

TaBie XEX-d—ADAPTIVE DRIVING
BEAM PHOTOMETRY REQUIREMENTS

Maximurm ;

e Maximum

Range ’gﬁ,’?;?ﬁf; Hiuminance
{rm) direction same(g:gectxon

(fux} /

15.01t0 288 .. 31 18.8
3330589 . 1.8 189
60 to 118.9 . 08 4.0
120 to 220 .. 0.3 4.0

TFor purposss of determining conformance with
these specifications, an observed value or a cal-
culated value shali be rounded to the nearest 0.1 lux,
in accordance with the rounding method of ASTM
Practice E29 Using Significant Digits in Test Data to
Determine Conformance with Specifications.

% * * * *

TABLE XXI-—VERTICAL POSITION
HANGES FOR PHOTOMETER USED
TO MEASURE ONCOMING GLARE

" Lower | Upper
1;‘;2?’;;100?:'12 bound | bound
gt clas fmy |
Passenger Cars . 1.07 1.18
Trucks, buses, MF

(ight) .o 1.26 1.58
Trucks, buses, MPVa

{(heavy) i 1.88 2.67

Motoreyeles o 1.30 1.68

“Light” means vehicles with a GVWR of

10,060 ib. or less. “Heawvy” means wvehicles
with a GVWR of more than 10,000 ib.
Heights are measured from the ground.

% % * o *
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Figure 23

Adjacent Lane Oncoming

Tagr Yahivle Sumulos vehios

Figure 24

Same Lane / Same Divection
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Figure 25

Adjacent Lane - Same Bivection — Passing

Issued in Washingion, DC, uvnder authority
delepated in 49 CFR 1.85 and 501.5.
Heidi Renate King,
Deputy Adminisiraior.
[FR Doc. 2018-21853 Filed 19-11-18; 8:45 am!
SILLING CODE 4910-58-¢
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5/20/2021 Chronology | Corporate Overview-History of KOITO | KOITO MANUFACTURING CO.,LTD.

Lbghing

Yor vouy ssfety
A
N N .

H S B MO

W Qi

HMGRE Y Onmporete Ovarview & History of KOITO © Shronology

Corporate Ovarvisw

Chronology

From Foundation to 1870's

198G's el

1880

8 2000's
F000 Ju utied [BO14001
Avg, Produstion and sales of Bigh/low Switchab 3 f bhagin.
2001 dan Certified Q8-8000/I8080G1.
Mar. Heite Qzech sro. actablished. (Zates, Gzech Republic)
M2 di Mo Amicun Lighing i, P ant opere, Biwin USA)

2003 Feb, Produstion and sabes of tm weorkd” s frst owivel AFS (Adaptive Front

Lighting System} baging.

Agr. Production and sales of Discharge Biibs beging,

ta
P4
&
.
(5
c

t Produstion and sales of the world’ s first Mercuwy~fren Dischargs

Haad

2008 Sep. FUZHOU TAYIH INDUSTRIAL OO, LTD. bevomes o KOITQ subsidiary.

whais, Ghina}

LOROITS KYUSHL LMITED astablished, (Bage, Japan)

4

Nov., GUANGZHOU KGITG AUTOMOTIVE LAMP CU, LTD. estabiished,

{Guangrhai, Ohins

2008 May  Coriified 180/ TS18848,

St Production of Al Gless Sealed Boam Headlampe ends. (Produetion T

438 mitfion units}

Cab RGITS KYUg

IMITED Biant spans, (Saga, Jansn)

207 Mar, BUANGIROU KT AUTOMOTIVE LAMP 30, LTD. Plent opane.
{Quangzhan, Ching)

May Produstion and salss of the world” s frst LED tHeadiamps begins.

Sul North A
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Exhibit 6
HELLA Company History
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Login ; Deutsch

CORPORATE RESPONSIBILITY = PURCHASING

Business Portfolio
Facts & Figures
Joint Ventures
Locations

2003 2007 2008 2010 2012

i
W
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7/13/2021 Smart Headlights | How They Work—and Why We Don't Get Them Yet

(@) Autoweek

Sign In

BY CHRIS TEAGUE

Automotive headlight designs have svolved consigarainy over the years, shifting
from a utilitarian component of a vehicle to being a major part of its overall design
and operation. In spite of that evolution, the basic functionality of most vehicles’
lighting systems is the same as it was 50 years ago. Even fancy headhghts are mostly
limited in operatlon to low beams high beams, and v

In some parts of the world, though, headlight designs are changing, and are doing so

in a big way. They’re becoming smarter and have been developed with the ability to

shine differently in response to changes on (and near) the road ahead. The new
Page 169 of 1219 SPERO EX. 2023
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smart headlights make automatic high beams look like antique technology, so let’s
take a look at what they are and why they’re so advanced.

What Are Smart Headlights?

Smart headlights, also known as adaptive headlights or adaptive driving beam
headlights (ADB), illuminate the road with a constant beam that is as bright as a
traditional headlight system’s high beam. Rather than the driver or vehicle computer
changing between two brightness settings, ADB systems use sensors and special
light unit designs that can change the shape, brightness, and direction of the light.
This can be done with a shutter system, which physically blocks part of the headlight
beam, or with a matrix-style headlight unit made up of multiple light sources that
can be turned on and off as needed. Adaptive headlights can also refer to light
systems that shift direction depending on the vehicle’s steering inputs, and you may
hear the term being used to describe automatic high beam headlights or similar
devices, but those systems are not functionally the same as the lights described here.

Provide Better Visibility and Less Distraction

Page 170 of 1219 SPERO EX. 2023
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Existing automatic high-beam headlight systems are great, but there are limitations
to what they can do. If you’re driving in a suburban area with traffic and streetlights,
they can become confused and leave the bright beams on when they shouldn’t, or in
some cases they can end up switching between low and high beam lights rapidly,
which is both annoying and bad for visibility. Smart headlights help alleviate these
problems by reading the road and surrounding conditions and applying light only
where it is needed. Instead of the need to switch between two brightness settings,
adaptive headlights’ brightness and shape change in response to surrounding
conditions. Where some automatic high beam systems become confused between
streetlights and oncoming headlights and switch off when they shouldn’t, smart
headlights’ advanced sensors and detection systems will eliminate the errant shifts
in brightness.

Safer in Poor Weather Conditions

If you've ever had to drive through a foggy, rainy night, you know the frustration of
changing between low and high beam headlight settings, only to find that neither fits
the situation quite right. Adaptive headlights won’t fix everything in these scenarios,
but they can illuminate the road ahead with much better accuracy and less reflection
from heavy fog. ADB systems can change the shape of the light beam and some may
incorporate fog lights into the mix as well, so they are able to direct the light lower
and to the side of the road for better visibility without as much glare as traditional
headlights.

R W0 00 AT e A > Ny AW P N e et e,
ANFUrTITanTEar « Goniing Rracing Saiow
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Doesn't Blind Others Nearby

It’s no secret that the headlights on new cars are getting brighter. Now, even low
beam headlights can be distracting to other drivers and pedestrians. Because
adaptive headlights keep the bright lights off of pedestrians and other drivers, it’s
easier for people walking to stay out of the way and for other drivers to see where
they’re going. If there’s an oncoming vehicle, the beam is partially blocked or turned
off so that the other driver isn’t blinded, but the rest of the road remains illuminated
by bright light, which greatly improves their visibility without drastically reducing

yours.

Are Smart Headlights Available in The United States?

Readlng this, you’d think that adaptlve headlights would be everywhere, DUt Ehey 'y

\‘. T

~ -\ an
nol avaiiaing for Qrivers it the United States—at least yet. As Car

reported in 2020, a rule developed way back in 1967 that set the definitions of low-
and high-beam headlights is preventing the technology’s forward progress.
Automakers and many others have petitioned for an update to the rule, but as of
April 2021, no changes have been made.

With or without the United States on board, ADB technology is moving forward
quickly. Adaptive headlights will eventually be able to augment visual features of the
road ahead, such as shining differently around a lane to help the driver stay on the
road. Audi is one automaker pressing forward with the technology by developing

systems that react to the driver’s actions to better illuminate the road. The company
Page 172 of 1219 SPERO EX. 202
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has presented examples which include a scenario where the lights dim out in the
center of the lane and illuminate the sides of the road more brightly when
approaching a large truck, a trick that essentially wraps light around the larger
vehicle ahead and makes it easier to pass. At other times, the lighting system works
in tandem with vehicle functions like navigation and head-up displays to highlight

road signs and directions.

Even when adaptive headlight tech does make its way to the United States, it’s likely
to be considered a premium feature for some time. Advanced driver-assistance
systems have only just begun trickling down into mainstream cars on a widespread
basis in the past few years, but even now, features such as blind-spot monitoring and
adaptive cruise control are often held back from standard-issue safety packages.

Fead your obsession: The Autoweek Daily Drive Is here.

Sign up — miss nothing
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Barts

o
7
%
e
77
%
Z
2
77
%
Fed
7%
2
]
2,
ko d
3
7
7
7
%
%
7
%
7
%
%7
7
Z
s
7
%

Hot Wheels Jumps Into the NFT Game Volvo Cars Is Exploring Using Fossil-Free Steel

FedEx is Testing the Delivery-by-Robot Waters Why the SF80 Stradale Is the Greatest Ferrari
Ever

Check Gut This 12-Whesled Lunar Rover From Ford Launches New Software Updates Called
G Power-Up
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The Right Off-Road Tires for Your Crossover VW and Argo Al Will Test Level 4 Auvtonomous
vans
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Driving Vision News
December 3, 2019
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7/13/2021 Two Interesting New Lighting Systems From BMW - DVN
Wy (hE)  #SEnglish  login

o Nea
§\§ N s S DVN EVENTS RGHTING & ADAS INTERIOR .~ DVN COMMUNITY ABOUT US MY ACCOUNT Q
VN

Two Interesting New Lighting Systems From
BMW

DECEMBER 3, 2018 - & NINuYIRIADY » 3V Wilwd

OV had the chance Jast maonth 1o visit BMW in Munich, spending a froeithsl time with Jorg IKGible, Rene Obler, and
Jahannes Aulbach, Before a night drive, Jirg organized a meeting in a brainstorming room with blsckboards
sverywhers, very somfortable seats, and afi provisions to be abtle to have rofaxad conditions for creativity. We
tatked aboul BMW stratagy on lighting, and on the feedback of BMW about the information received from DVYN. A

very frufths Bmel

Then, twe lighting systems were sssessed in night drives: the Mini and the 5 Series equipped with AGE ang laser.

Technologies involved in the Mini's lighting system

Full-LED Headlamps with glare-free high beam, done by 3 malrix 35-LED module with eight matrix segments, four in
each headlamp. The main goal of BMW here is to bring ARE functionality fo the Mini customer, The benefd of 2
glare-fren function is not only to shadow out ather cars but also to provide further visibility for upcoming curves
and dangeraus sttuations; there s a clear safoty gain by fuminating this curvain front of the driver,
Performance

Low beam Aux: 800G im

High baam fuwe 1,800 Im

{rapx = 93,750 ¢

Lighting functions

3 @ low heam distribution
P a g e 1 7 7 Of 1 211 high beam Glare-free high beam (cafled "Selective Beam” by BMWICornering lightShatic bending !ightCitySgE E RO EX " 2 o 2 3
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Two Interesting New Lighting Systems From BMW - DVN
Night drive impressions

All the functions are useful,

@ The low beam gives homogeneous luminance in the resd and a good spread, ke a carpet. Indeed, 3 pleasant Rght
* The high beam is alse homogenenus and a great quantity of fight for this dass of car.

* The ADB gives 2 feeling of a glare free high beam mainly when we have trees on the sides but has a low afiiciency
because the shadows are too farge; they reduce the effect of good visibility at the immediate side of the car when
you avertake or meet another car.,

Inconclusion, L have sean a very good light in fow and high beam, maybs higher than we could expact from such a
range, The number of segment is probably too low te have 2 good ADB.

BMW 5 Series

Technologies involved

This is the latest BMW laser headiamp, which combines a high-resslution glare-free high beam (3.1%) with a high
range of visthifity by activating the laser in ful high taam as well as in glare-frae high bearm situations.

The {aser high beam bonster extends the seeing distance by nearly 300m. 's activated only if the car is excending
SQkm/h,

Performance

Low beam flux; 1,000 fm

{Fulf) high beam flux: 3,860 im

{Giare-free) high beam fue 3,200 Im

Full high beam {pg,: 200,000 oo

Glare-fren high beam e 375000 ¢d

Glare frae high beam resclution QU 1°

Bacause of the 175 ked intensity in the glare- free high heam distribution we achiave up to 400 m seeing distance

with resolution of .17 white driving in glare-free made!

Ci

LN

Lighting functions

Adaptive low beam

Full high beam {including high beam laser boast)

Glare-free high bearn (BMW "Salective Beam” including high bear laser boost)
Light

Adaptive bending Light

Corne

Pradiciive bending Light
Roundabout ligh
Tty Light

Night drive

in this car we have very efficient low and high boam, comparable with the best fights from Audi or Mercedes-Benz,
£ uses an interesting concapt with a vertical cuboff just st the right side of the oppasite car for therig

https://www.drivingvisionnews.com/news/2019/12/03/two-interesting-new-lighting-systems-from-bmw/
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position of the verkical cutof, able to have high level of fight just 2t the rightfleft side of the car. So the guantity of
fight isquite great and the system is vary effictent.

We took the epportunity 1o ssk questions to Mirg Kilhle After studying mechanical enginsering, Jérg Kaible
started at BMW Motoread in 1998 andwas involved in the development of the new C1 scooter, From 2009 to 2013
he was group leader for the pre- and funciion development, simuation and protection of the exderior Highting on all
medels, ARer 3 S-vear excursion inte quality wark, in August 018 he assumed averall responsibility for the

exterior lighting development.

DV What is your feedback on thve workiwids regulation
procoss? Do you sipect good progress with the strategic GTB
committes?

JM . There is good codiperation in the BTE strategy team, ang the
inftiatives on legistation proposed in connaction with HAF hawa to
becontinuad, New approachas need to be dovaloped for
causperaiion with the Chinese ragulatory suthority.

DV How do you work with stylisie? Ave they the kings a8 in most automalkers, o can you infuence them?
JXK: There is 2 continueus exchiange between the designers and lighting designers, inwhich we show the technical

possibifities and the designers represent thetr ideas, In that sanse, | veould ke to calf the colperation good.

DN T mrake AR, we have now different technal: ncluding DMD, BLED, LD, LTS, aser scanning, and
others, What is vour vision with these technofogles? Do you think one of them will coms to dominate?

ARG Al these technigues are interasting and have their advantages anddisadvantages. In the end, the tachnology
will prevail, which offers the customer 3 tangihle added value and for which the customer is willing to pay the

carresponding surcharge.

TV AL ISRL, thers ware many lectures on road projactions, How do you see road projecion fight in front of
hoad-up displays?

JH. BMW has baen offering BUD to the customer since 2003 and was thus for a long time the enly Europesn
automaker ta do so, Light prajection is an interesting technique, but has against U Ihe disadvantage that only st
night there ts a visibility, As such, light projection is a good way to support HUD funciions {for axample in harardous
situations) but wilf not replace them,

TV BIMW presentes 33 ISAL an interesting lecture on dy ie projection with wel g Hght, Do youseea
Future with this funciion?
K The exteriar fighting has a strong design character, the theme of light production is incraasing--especiafty in

Asia--intmportance. | see the possibility that we canuse functions ke these inour cars at some pointk,

DN About the styling ditferantiation, BRW started with the nnavative Hght rings, which have over the years
evolved as a strong familial identifier, What do vou think sms the mailn axes of the RRL In the future?

LI BMW was the first automaker who created a light icon with the "Anged Eves” in the headlight, This can be found
iy sdvanced form o today in our cars and is 2 distinctive identifier, The customer will continue to recognise the

BV tcan in the future, but of course we will continue o develop it further,

OV 1 &fker one year at the head of Hghting af 8V, what are vous brasd thoughts on headiamps and rear lamp
systems?

SR My vision is that the customer s optimally supported by our exterior ight in every driving situation and he
feals safe, The symbiosis of tachnology and design should make each BMW, Mink, and Rals Royee unigue and

desirable, and surprise customers with BMW s innovative own ideas.
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Exhibit 10

PR Newswire
HELLA’s LED Matrix Lighting

April 1, 2014
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HELLA's LED Matrix Lighting
Wins Automotive News PACE
Award

NEWS PROVIDED BY
HELLA KGaA Hueck & Co.—
Apr 08,2014, 11:14 ET

HELLA's LED Matrix Lighting
Wins Automotive News PACE
Award

PR Newswire
PLYMOUTH, Mich,, April 8, 2014

PLYMOUTH, Mich,, April 8, 2014 /PRNewswire/ -- HELLA KGaA Hueck & Co,, a
global supplier of automotive lighting and electronic products, has won the
prestigious 2014 Automotive News PACE Award for its industry-first

adaptive LED Matrix Beam technology.

A leader in automotive lighting and electronics, HELLA's "glare-free high-
beam" headlights use individually controlled LEDs that adjust
automatically to real-time traffic conditions to reduce glare for other

drivers.

The new Matrix Beam system combines a front camera, high-performance
software and "intelligent lighting" technology to recognize cars that are
being followed as well as oncoming traffic.

The system automatically adjusts a car's headlamps to deliver "glare free"
illumination, dimming or switching on and off light sources based on traffic
conditions. Individually controlled LEDs also provide two or more dark
zones with "light in-between," allowing continuous use of a vehicle's high-

beams to maximize visibility and provide a safer driving experience.
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An industry first, HELLA's system utilizes 25 individually controlled LEDs
arranged in a matrix format to provide car owners with an almost unlimited
variety of lighting patterns. Audi became the first car company to introduce
matrix lighting on its recently launched Audi A8.

LEDs are widely accepted in the industry as alternative light sources,
supplying a variety of advantages when compared to traditional
technologies such as halogen or xenon lighting. LED lighting imitates
natural sunlight better than other light sources and can help reduce driver
fatigue. It also can provide more "robust" solutions that don't depend on
mechanical parts and are more durable than conventional lighting systems.

HELLA has participated in a number of previous PACE Award programs. In
2012, the company was recognized as a finalist for its Multi-Chip Module
(MCM) oil sensing technology. Earlier nominations included full light-
emitting diode (LED) headlamps in 2009 and an honorable mention in for
its lane-change-assist technology in 2008.

HELLA was one of the 34 nominees for a 2014 PACE Award recognized in
this year's award program.

Note to Editors: Award photos are available on request.
About HELLA KGaA Hueck & Co.:

HELLA KGaA Hueck & Co. is a globally positioned, independent family-
owned company with more than 30,000 employees at 100 locations in
more than 35 countries. The HELLA Group develops and manufactures
lighting and electronic components and systems for the automotive
industry and also has one of the largest trade organizations for
automotive parts, accessories, diagnosis and services within Europe.
Complete vehicle modules, air-conditioning systems and vehicle
electrical systems are produced in joint venture companies. With more
than 5,500 people working in research and development, HELLA is one of
the most important innovation drivers in the market. What's more, with
sales of € 5.0 billion in fiscal year 2012/2013, the HELLA Group is one of the
top 50 automotive parts suppliers in the world and one of the 100 largest
German industrial companies.

Photo - http://photos.prnewswire.com/prnh/20140408/DE00696
Logo - http://photos.prnewswire.com/prnh/20130226/DE66704LOGO

SOURCE HELLA KGaA Hueck & Co.
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Exhibit 11

Alliance for Automotive
Innovation Comment Submission

July 31, 2020
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SUBMITTED ELECTRONICALLY VIA REGULATIONS.GOV

Mr. James Owens

Deputy Administrator

National Highway Traffic Safety Administration

1200 New Jersey Avenue S.E., West Building Washington D.C. 20590-0001

July 31,2020

Re: NHTSA Notice of Proposed Rulemaking to Amend FMVSS No. 108 to Permit Adaptive
Driving Beams, NHTSA Docket No. 2018-0090, 83 Fed. Reg. 51766 (October 12, 2018)

Dear Mr. Owens:

The Alliance for Automotive Innovation (“Auto Innovators”) appreciates this opportunity to provide
supplemental comments to the National Highway Traffic Safety Administration’s (“NHTSA” or
“Agency”) notice of proposed rulemaking (“NPRM”) for Federal Motor Vehicle Safety Standard
(“FMVSS”) 108, Lamps, Reflective Devices, and Associated Equipment, to permit the certification of
Adaptive Driving Beam (“ADB”) headlighting systems. Auto Innovators is the leading advocacy group
for the auto industry, representing 37 innovative manufacturers and value chain partners who together
produce nearly 99 percent of all light-duty vehicles sold in the United States.! The newly established
organization, in part, a combination of the Association of Global Automakers and the Alliance of
Automobile Manufacturers, is directly involved in regulatory and policy matters impacting the light-
duty vehicle market across the country. Members include motor vehicle manufacturers, original
equipment suppliers, technology and other automotive-related companies and trade associations.

Prior to the newly established organization, the Alliance of Automobile Manufacturers, in its December
2018 submission to the Agency, expressed intent to conduct testing to thoroughly assess the proposal’s
feasibility, and to inform future supplemental comments. Auto Innovators believed that simulating
NHTSA’s dynamic test procedure would provide information and data needed to competently address
certain technical areas in the NPRM, and demonstrate concerns outlined in our previous comments. The
test protocol, outlined in more detail below, was completed in late 2019. While our comments do not
address NHTSA’s proposed equipment-level laboratory testing requirements, we request that, should
NHTSA conduct compliance testing, allowance be made for the contracted test laboratory to conduct

! The members of Auto Innovators include (alphabetically) Aptiv PLC, Aston Martin, Robert Bosch LLC, BMW Group,
Byton, Cruise LLC, DENSO, Fiat Chrysler Automobiles, Ferrari S.p.A., Ford Motor Company, General Motors Company,
Harman International, Honda Motor Company, Hyundai Motor America, Intel Corporation, Isuzu Motors Ltd., Jaguar Land
Rover, Karma Automotive, Kia Motors, Local Motors, Maserati, Mazda Motor Corporation, McLaren Automotive,
Mercedes-Benz USA, Mitsubishi Motors, Nissan Motor Company, NXP Semiconductors, Panasonic Corporation, Porsche,
PSA North America, SiriusXM, Subaru, Suzuki, Texas Instruments, Toyota Motor Company, Volkswagen Group of
America, and Volvo Car USA.
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calibration of any sensors required for ADB system performance prior to that testing, if requested by the
vehicle manufacturer. Additionally, we wholly support the inclusion of a transition zone for equipment
level laboratory testing as specified in SAE International Lighting System Group’s comments? to the
Agency in response to its NPRM.

We appreciate that NHTSA’s proposal was developed with the intent that ADB systems operate safely
by providing adequate visibility while mitigating glare upon other motorists. As a result of our testing,
we have greater understanding of the Agency’s proposed track test requirements and test procedures to
evaluate ADB performance. Moreover, our assessment allowed us to develop meaningful feedback and
recommendations to address both technical and feasibility concerns with the NPRM. Specifically, to
improve practicability of the proposal, we recommend that NHTSA modifies certain portions of its test
procedure to limit the number of test scenarios and scope of stimulus vehicles to evaluate ADB
performance. We continue to emphasize from our prior comments that the variety (i.e., road geometry,
vehicle speeds, and vehicle orientation) of scenarios selected by the Agency is excessive and unduly
complicated to appropriately address the abilities of ADB systems.

The application of the Agency’s derived glare limits is overly stringent and not based on modern
headlight systems. NHTSA’s application is also misguided towards preventing momentary discomfort
glare at the expense of overall driver visibility. To incorporate more flexibility into the dynamic
portions of the test protocol, while still ensuring that ADB systems increase visibility without
introducing excessive glare, Auto Innovators recommends that the Agency consider an approach that
relaxes the stringent glare limits for evaluating ADB performance, allows glare exceedance for more
than one-tenth of a second, and provides required passage of a percentage of all test scenarios to achieve
compliance. Other areas that we request the Agency’s consideration include use of a static stimulus,
standard stimulus lighting, and the allowance of horizontal aim. The rationale for each of these
recommendations is presented in this comment submission.

Should the Agency foresee a final rule beyond the bounds set by 49 Code of Federal Regulations
(“CFR”) Part 555, we additionally encourage expeditious response to any outstanding petitions for
temporary exemption of adaptive driving beam headlighting systems that it has received. BMW? and
Volkswagen* have submitted petitions under 49 CFR Part 555 for their ADB systems in order to
facilitate the field evaluation of these systems in the United States (“U.S.”). We reiterate that ADB
systems offer important safety benefits to the traveling public by incorporating the advantages of upper
beams, thereby enhancing visibility, while avoiding their disadvantages by adjusting the light
distribution and intensity to eliminate discomfort glare for other road users. We strongly support these
petitions, and encourage the Agency to expedite their approval, in addition to any subsequent petitions
NHTSA may receive from our members and other vehicle manufacturers.

2 See NHTSA Docket No. 2018-0090-0167 (October 12, 2018).
3 See 83 FR 12650 (Mar. 22, 2018).
4 See NHTSA Docket No. NHTSA-2017-0018 (September 11, 2017).
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L Auto Innovators Execution of NHTSA’s Proposed Test Protocol

Following an extensive search for test facilities capable and equipped to replicate the Agency’s

proposal as accurately and efficiently as possible, Auto Innovators selected FT Techno of America, LLC
(“FTTA”) as its third-party vendor to conduct testing to evaluate the dynamic portions of NHTSA’s
proposed test procedure for FMVSS 108. FTTA specializes in vehicle dynamics, active safety, and
Insurance Institute for Highway Safety (“IIHS”) headlamp evaluations with their proving grounds
located in Fowlerville, Michigan (“FPG”). A summary of the test protocol, observations, and example
results are provided in this section.

A. Adaptive Driving Beam Test Protocol

The scope of our test protocol was limited to four test vehicles and four stimulus vehicles. The test
vehicles were comprised of a small passenger car, a midsize sedan, a midsize sport utility vehicle
(“SUV?”) and a large SUV. The small passenger car and midsize sedan were equipped with headlamps
designed to the United Nations Economic Commission for Europe (“UNECE”) R123° ADB
requirements, the midsize SUV to SAE J3069™ but otherwise fully FMVSS 108 compliant, and the
large SUV was fully FMVSS 108 compliant and then modified to mimic the UNECE R123 ADB
function. For each test vehicle, tire pressures were set to vehicle specification and headlamp aims were
unchanged from their received state or set to manufacturer specification. Stimulus vehicles were rented
locally and selected according to the NPRM’s Table XXI and S14.9.3.12.1, representing each vehicle
type and from within five model years prior to the model year of the corresponding test vehicle. They
were comprised of the following headlamp types: light-emitting diode (“LED”) projector, LED reflector,
halogen reflector and halogen projector, with their aim adjusted per manufacturer specification.
Additional details for our stimulus vehicles can be found in Appendix A.

FTTA’s equipment setup was similar to that described in the NPRM. FTTA utilized the same model
illuminance (lux) sensors, high accuracy global positioning systems, vehicle-to-vehicle communication,
and recording rate equipment (see Appendix B). Lux sensor count was limited to a critical number (e.g.,
driver forward, left rearview, right rearview, and center rearview when applicable). Data was collected
by an acquisition unit aboard the stimulus vehicle, which in scenarios other than the motorcycle testing,
was controlled by a passenger.

Unlike the NPRM, to measure lux sensor distance, FTTA utilized an optional multi-point live
measurement feature of the OxTS equipment. The measurement was limited to 200 meters maximum,
and most applicable for rear-facing sensors with critical measurements less than 120 meters. Forward-
facing distance was determined with a live math channel resultant and offset from the Stimulus RT unit.
In the NPRM, lux sensor distances were determined with a math offset post-test, in relation to true test

3 UN Regulation No. 123 — Uniform provisions concerning the approval of adaptive front-lighting systems (AFS) for motor
vehicles.
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measurement (between GPS antenna points). However, we believe that this change should not yield a
difference in results.

FTTA determined that four lux sensors were adequate for this test, especially when placed in driver’s
glare zones. A center rearview sensor was not used for the heavy truck or motorcycle. On the light
truck and passenger car, a center rearview sensor was positioned in line with the interior rearview
mirror. All sensors were placed on the vehicle exterior to eliminate distortion or blockage potentially
caused by glass.

Longitudinal lane international roughness index (“IRI”) measurements remained within the NPRM’s 1.5
meter per kilometer (“m/km”) specification maximum, averaging near 0.475 m/km. Atypical IRI
measurements across transverse lanes (east/west) are unknown and may have relevance for those test
scenarios which include curves. Radius specifications and an overview of the test track layout can be
found in Appendix C.

Modifications to curvature radii and superelevation specified in the NPRM were necessary to
accommodate the track lengths at the FPG facility. In addition, changes were necessary to certain track
geometries of the proposal to address safety concerns, specifically when testing mid radius preceding
scenarios with the motorcycle stimulus vehicle at higher speeds. Similarly, FTTA operators also noted
safety risks when conducting oncoming scenarios with each stimulus vehicle at speeds above 55 mph.
FTTA also altered certain track and speed parameters from those proposed to account for differences in
acceleration for each stimulus vehicle. This included adjusting two of three curve radii, along with three
speed ranges, to conduct all test scenarios specified in the NPRM at the FPG facility. Had these
adjustments not been made, distance requirements for certain test scenarios could not be met. Based on
our experience, we believe that manufacturers will be unable to locate test facilities that are equipped to
conduct all test scenarios proposed without modifications.

Approximately three to four hours were needed to complete testing for one vehicle set (i.e., one stimulus
vs. one vehicle under test (“VUT”)), with additional time needed for equipment validation and
initialization. Although NHTSA did not address the number of test runs per scenario in the NPRM,
Auto Innovators recommends an allowance of three or more runs for averaging and recognizing data
anomalies. However, our testing was limited to two runs per scenario in the interest of total test time.
Vehicles were refueled approximately half-way through the testing for each vehicle set to maintain
above seventy-five percent fuel capacity. Synching path distance and speed timing were done by trial
and error, with constant communication and feedback between vehicle operators. The stimulus vehicle
maintained a second operator for real-time data verification of speeds, distance ranges, and equipment
errors. For motorcycle testing, an operator rode in the VUT, conducting the same verifications through
remote connection.

Lane position efforts were made by operators, despite a large tolerance when considering the 10°-12’

maximum lane width for two lanes and two vehicles. Further, instances of roll angle and resulting lamp
height variation were likely introduced while adjusting to maintain lane position.
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B. Test Observations

Figure 1 below shows each test scenario and the corresponding speeds for the stimulus and VUT as
outlined in the NPRM. This data also indicates the modifications made to test speeds and curve radii in
certain scenarios. The curve radii specified in the NPRM were classified into three categories: small,
mid, and large. In the mid radius scenario, with an actual 815°R curve, limited track length at the FPG
facility necessitated modifications. Certain cases of slower paired vehicles showed difficulty reaching
and maintaining specified speed in the finite length of the 815’R curve. When selecting the highest
allowable delta between vehicles, it was still necessary to modify some speeds for length of test track
within a curve.

The oncoming scenarios required adjustment for slower accelerating vehicles (i.e., no run-up on one
curve end). In preceding scenarios, different speeds were needed to close or fill gaps to satisfy required
test track lengths. In the large radius “preceding (same lane)” scenario, with an actual 1015°R curve,
adjustment was also needed to meet the NPRM’s requisite test track length.
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1 Speed increased to from 55mph to 60mph. Original delta created difficulty catching stimulus in curve length.
2 Speed decreased from 40mph to 30mph in order to cover test length.

3 Speed Increased from 45mph to S0mph.

4 Speed decreased from 30mph to 25mph. The oncoming scenatio U-Haul stimulus was also reduced to 40mph.

Figure 1. ADB Headlight Test Matrix
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C. Test Data

Figure 2 below shows an example of the data processing layout. The processing was done using a
manual method of scroll bar channel overlays to find each maximum lux value. A formulated excel
template or automated script could help expedite processing and ensure consistency.

Figure 2. Example of Processing Layout (Oncoming 1015°R)

Figure 3 below shows an example of a data processing matrix. The final test results consist of Excel
workbooks for each test vehicle. Each Excel workbook contains 16 tabs for the various stimulus
vehicles and roadway geometries. The data contains values for peak lux along with the distance and
speed of both the VUT and stimulus (“Stim”) vehicle at peak lux. Speed values are shown in miles per
hour (mph) and distance values in meters (m). If the lux value exceeded the NPRM glare limit, a value
greater than zero is included under Glare Exceedance Time. Glare exceedance times greater than 0.1
seconds are highlighted in red. A cumulative value of all glare exceedance times in a given run is also
included. In some cases, there were more than one glare exceedance per sensor and range, so multiple
glare exceedance times are shown. Sensors or ranges that were not applicable are grayed out in the data
processing matrix.
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Flgure 3. Example of Data Processing Matrix from the Small Passenger Car and Motorcycle on Small Radlus
Left Hand Curve.

IL. Glare, Visibility, and Pedestrian Safety

In its proposed amendment, NHTSA largely focuses on glare. The Agency notes that it is particularly
concerned about ensuring, to a reasonable degree, that ADB systems do not glare other motorists, as
glare is a negative externality that might not be sufficiently mitigated by market forces alone.® While
we understand that discomfort glare is a concern for the Agency when evaluating ADB systems, we
believe that this proposal minimizes the significant safety benefits of increased visibility that ADB
brings, and its potential to reduce crash risk between vehicles and with pedestrians and other vulnerable
road users. NHTSA’s own research indicates that it is difficult to determine glare as a direct cause to
crashes or fatalities.” While the Agency’s evaluation has shown that an average of 0.3% of nighttime
fatal crashes list glare as a contributing factor,® alternatively data shows that over 70% of pedestrian
fatalities have occurred at night.” ITHS found that between 2009 and 2016, pedestrian deaths in dark
conditions increased 56%.'° The Government Accountability Office (“GAQ”) in its recent report cited
that the number of pedestrians killed annually in motor vehicle crashes in the United States has

® NPRM at 51799.

7 See Nighttime Glare and Driving Performance, Report to Congress, National Highway Traffic Safety Administration,
Department of Transportation (2007).

8 National Highway Traffic Safety Administration. 2014. Traffic Safety Facts 2012 Data: Pedestrians, DOT HS 811 888.
Washington, DC: National Highway Traffic Safety Administration.

° National Highway Traffic Safety Administration. 2018 (Revised). Traffic Safety Facts 2016 Data: Pedestrians, DOT HS
812 493. Washington, DC: National Highway Traffic Safety Administration.

10 hitps://www iihs.org/iihs/st/statusreport/article/53/3/1.
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increased from about 4,400 in 2008 to almost 6,300 in 2018—a roughly 43 percent increase.!! GAO
recommended that NHTSA take additional action to address pedestrian safety.

While there are many factors that can be attributed to pedestrian fatalities and injuries, improved
visibility benefits of ADB systems can help to decrease fatalities and injuries associated with these
crashes. The increased illumination from ADB systems can contribute to considerably improving a
driver’s ability to identify obstacles or pedestrians on and off the roadway. Yet, NHTSA has chosen to
focus more in this NPRM on discomfort glare rather than the safety benefits of ADB systems. We
strongly encourage the Agency to not diminish the visibility improvements an ADB system can provide
to disproportionately protect against discomfort glare.

A. ITHS Glare Limits

NHTSA proposes a set of glare limits from a 2011 University of Michigan Research Institute
(“UMTRYI”) Feasibility Study (“Feasibility Study”), which is derived from reported median photometry
of headlamps from 1997 model year U.S. vehicles.!?> Since 1997, headlight technologies that comply
with FMVSS 108 have advanced drastically, including in the form of LED or high-intensity discharge
(“HID”) lighting that can provide greater levels of visibility without producing excessive glare. In
addition to advancements in lighting hardware, in 2016 the IIHS introduced its Headlight Rating (“IIHS
Headlight Rating”) which has incentivized U.S. automakers to provide high levels of visibility without
sacrificing glare performance.

Regarding angle of incidence, the Feasibility Study rightfully notes that “[t]he disabling effects of glare
(e.g., Vos, 2003) and the discomforting effects of glare (e.g., Schmidt-Clausen & Bindels, 1974) both
fall off strongly as the angle between the glare source and the center of a person’s field of view
increase.” The study notes that when separation distances between two vehicles are greater than 60
meters, glare illuminance values should be smaller; and when separation distances are shorter than 30
meters, glare illuminance values should be greater. However, the study is unable to compensate for
these glare illuminance values because they “do not exactly fit the standard models of glare effects by
angle.”

As indicated in the rationale for the IIHS Headlight Rating, the ITHS takes a similar approach to the
2011 UMTRI Feasibility Study for establishing illuminance requirements.'* In both studies, the
illuminance of U.S. vehicle lower beam headlamp patterns compliant to FMVSS 108 are measured and
extrapolated to establish illuminance criteria at different distances. However, the ITHS study departs

! Government Accountability Office. (2020, April). NHTSA Needs to Decide Whether to Include Pedestrian Safety Tests in
Its New Car Assessment Program. (Publication No. GAO-20-419). Retrieved from
https://www.gao.gov/assets/710/706348.pdf.

12 Michael J. Flannagan & John M. Sullivan. 2011. Feasibility of New Approaches for the Regulation of Motor Vehicle
Lighting Performance. Washington, DC: National Highway Traffic Safety Administration.

13 Tnsurance Institute for Highway Safety. (2018, July). Headlight Test and Rating Protocol (Version III).

1 Tnsurance Institute for Highway Safety. (2015, August). Rationale and Supporting Work for Headlight Test and Rating
Protocol.
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from the Feasibility Study in three significant ways. First, the Feasibility Study uses “lamps typical of
the 1997 model year”, whereas the ITHS study uses lamps that are representative of headlamps on U.S.
roads today. !> Figures 4 and 5 below demonstrate the respective difference between the lower beam
headlamp patterns used in the Feasibility Study and the ITHS study. Second, the ITHS study accounts for
prior research that indicates that glare effects should consider both peak illuminance and overall
“dosage” of glare exposure. This is the basis for the IIHS glare threshold that assesses illuminance in
terms of overall exposure distance.

Third, the ITHS study accounts for glare effects due to incidence angle whereas the Feasibility Study
does not. This is the basis for allowing 10 lux of glare illuminance for all approaches at distances
between 5 and 10 meters, noting that “[a]t these smaller distances, drivers are less likely to be focused
on the oncoming vehicle headlamps, and greater angular distances from the light sources are associated
with less discomfort glare (Schmidt-Clausen and Bindels 1974).” Our test data shows that the least
amount of failures occurred at the 15-29.9 meter distance range for both the oncoming and preceding
scenarios. Additionally, the glare exceedance times for all the test failures in this range were 1.0
seconds or less. Based on these results, we believe that it is less critical to test the performance of ADB
systems at this distance range. Accordingly, Auto Innovators recommends that NHTSA eliminate the
15-29.9 meter distance requirement for each oncoming and preceding test scenario.

From a technical design perspective, ADB systems that utilize a swiveling beam (as opposed to a
matrix-style LED array) and that dip to a lower beam in the presence of other vehicles, operate by
swiveling the dipped beam as far as possible outboard during passing scenarios at short distances. For
example, as a stimulus vehicle passes an ADB vehicle on its left side, the ADB left hand lamp swivels,
reaching its maximum swivel angle and the stimulus vehicle passes through the full lower beam pattern
at the extremes. Due to the “kink” in the lower beam pattern necessitated under FMVSS 108
requirements, this creates an area of higher intensity light just to the right of the H-V point (see Figures
below) that must pass over the stimulus vehicle as the ADB vehicle returns the swiveling lamp to center.
This increased area of intensity may explain some of the exceedances at short distances in NHTSA’s
previous testing and similarly within the FTTA data. While this explanation is only relevant for
swiveling beam ADB systems, Auto Innovators believes that any safety standard should remain

15 Prior to the allowance of visual/optical headlamp aim, which was generally effective for the 1999 model year, including
those used in the UMTRI study, headlamps were aimed by use of external mechanical aimers or by vehicle headlamp aiming
devices (VHADs). Generally, all headlamps installed as original equipment on current light vehicles use visual/optical aim,
and incorporate the characteristic sharp optical gradient used in visual/optical aim.

10
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technology neutral. Also, the increased intensity resulting from any such situation would not
functionally differ from any vehicle with traditional lower beams with a vehicle passing on its left side.
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Figure 4. Low-Beam Headlamp Intensity Pattern from NHTSA Feasibility Study
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Figure 5. Low-Beam Headlight Intensity Pattern from IIHS Headlight Rating

Additionally, ITHS has studied headlamp performance and real world implications in order to add
headlamp performance ratings into their test protocols and overall safety rating scheme. IIHS found
that, “The lower beams of many headlight systems with poor ratings don't provide enough light for a
driver going 55 mph on a straight road to stop in time after spotting an obstacle in his or her lane. They

11
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provide even less illumination on the left side of a straight road and when driving on a curve.”'¢ TIHS
indicates that upper beams are underused and that the use of high beam assist or ADB could increase the
use of upper beams, thus improving visibility. The IIHS test protocol accounts for both visibility and
glare. It attempts to limit discomfort glare, while not imposing disabling glare, underscoring NHTSA’s
focus on glare to road users.

B. ITHS Top Safety Pick Criteria

The ITHS Top Safety Pick criteria for headlamps has driven the industry to the current state of the art in
increasing the need for visibility with simultaneous reductions in glare. IIHS “GOOD” rated headlamps
serve to influence consumers’ purchasing decisions through these ratings. When comparing the glare
results of the model year (“MY”’) 2020 Top Safety Pick Plus (“TSP+”) award winners having GOOD
rated headlamps to the glare limit values provided in the present NPRM, it is clear that the glare limit
values for ADB lamps are unreasonably stringent. The graph below presents the glare illuminance
values from each of the 32 GOOD rated headlamps, and subsequent TSP+ vehicles, which are overlaid
with the glare illuminance limits cited in the NPRM.

As evidenced in Figure 6, nine of the 32 GOOD rated headlamps (~28%) in the low beam configuration
would fail the oncoming glare limits provided for in the NPRM. Because the highest ITHS rated lower
beam headlamps would struggle to even meet the glare criteria requirements to which ADB lighting is
being held, Auto Innovators believes that a relaxation of the glare limit values is appropriate. To align
with ITHS consumer messaging for what constitutes a “good” headlamp, we recommend also aligning
closer to the glare limits specified in the ITHS Headlight Evaluation.

16 hitps://www iihs.org/topics/headlights#headlight-performance.
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NHTSA ADB NPRM glare limit values (red)
C. NHTSA Should Adopt ITHS Glare Limits

Auto Innovators believes that the glare limits presented in the ITHS test protocol, which examines
visibility and glare from a real world perspective, reflect the performance bar set by modern headlights
more accurately than the overly restrictive limits proposed in the NPRM. We recommend that the
Agency adopts the glare limits utilized in the IIHS Headlight Evaluation as outlined below.

While ITHS provides glare exposure criteria for both a right curve and a straight/left curve scenario, we
believe the right curve glare limits are more appropriate for application to the present rulemaking for all
oncoming scenarios. Specifically, IIHS allows exceedances in the form of cumulative exposures as
opposed to hard pass/fail limits. These cumulative glare exceedances result in a series of demerits for
which it is possible for a vehicle to achieve a GOOD rating while still offering small amounts of glare.
Auto Innovators recommends that the Agency adopts a similar method for establishing an allowable
time exceedance for each test range. The ITHS model uses the percentage over the limit to determine
glare demerits, an approach that should also be considered by NHTSA. We additionally note that the
NPRM does not specify left or right curves, and request that NHTSA clarify whether which or both were
contemplated for the ADB test procedure.

Secondly, the ITHS glare limits are intended to provide a relative assessment to consumers of headlamp
performance rather than a strict compliance metric by which manufacturers will be held under this
rulemaking. In other words, it is still possible for a vehicle to drastically exceed the glare criteria in the
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ITHS test, earn a POOR rating, and still be fully FMVSS 108 compliant. For these reasons, we believe
adopting the higher glare metric of the IIHS right curve scenario to apply to all oncoming scenarios
offers sufficient balance between the need for limiting glare exposure while allowing for the benefits of
ADB. Although IIHS provides a gradient of glare exposure limits, we recommend that NHTSA’s
proposed stepwise glare illuminance limits correlate to the IIHS curve at each step’s shortest distance.
Specifically, Auto Innovators offers the following modified glare limit criteria for the Agency’s
consideration:

Distance (m) | Lux Limit (Ix)
30to 59.9 6

60to 119.9 34

120 to 220 1

Table 1. Modified Glare Limit Criteria Based on IIHS Glare Limits

1I1. Additional Recommendations to NHTSA

The recommendations that follow are substantiated by our ADB testing and data analysis. Auto
Innovators believes that they will not diminish the Agency’s objectives to develop performance
requirements that demonstrate an ADB system is capable of providing increased visibility for the driver,
while correctly detecting and mitigating glare to oncoming and preceding vehicles.

A. Modify Certain Portions of Test Procedure to Facilitate Practicability
1. Limit Dynamic Test Scenarios

The Agency states that the centerpiece of its proposal is a dynamic road test to evaluate the performance
of ADB systems in a select number of driving scenarios and road configurations.!” NHTSA selected a
variety of different types of interactions with either an oncoming or preceding vehicle, different
scenarios that vary the road geometry (straight or curved), vehicle speed (from 0 to 70 mph), and vehicle
orientation. The Agency tentatively concluded that a dynamic road test was necessary to ensure that an
ADB system meets minimum safety requirements for the prevention of glare. With respect to the track
test, NHTSA’s intent was to maintain a practical and efficient test while also reflecting real world
conditions to which an ADB system would need to adapt to perform adequately.'®

However, our experience simulating NHTSA’s proposed scenarios did not amount to a practical nor
efficient test. The rigor and specificity for the test tracks present not only the disparity to real world
ADB performance, but also the challenge of vehicle self-certification and repeatable results. To further
evaluate testing variability, one Auto Innovator member repeated a test series using a vehicle that was
tested by FTTA and cited in the NPRM. The full test series was repeated under the same conditions
using comparable measurement equipment. Despite careful attention to test setup and test conditions,

17 NPRM at page 51767.
18 NPRM at page 51781.
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the results varied from those obtained by FTTA. The magnitude of the variation was sufficient to alter
the compliance status of the vehicle.

Additionally, the number of tests and maneuvers in the NPRM require multiple sensor readings resulting
in an extensive amount of data. The proposed track test includes 15 test modes and 34 tests per vehicle
set. Each test has 3 or 4 sensor readings, resulting in 102 or 136 data elements per vehicle set. Testing
four stimulus vehicles required analysis of 476 data elements. This is excessive and incompatible with
many proving grounds, creating unassailable burdens for vehicle manufacturers. FTTA noted that it had
underestimated the amount of time needed for data collection and processing. Test engineers used a
manual method of scroll bar channel overlays to find the maximum lux value for each given range. As
expected, this approach was very time consuming. Auto Innovators recommends that NHTSA develop
software or other compliance tool to expedite processing the ADB test data. Overall, we conclude that
the track testing proposed in the NPRM is overly complicated, not practicable, and does not reasonably
address the abilities of ADB systems.

In consideration of the FTTA test results, Auto Innovators notes that certain test scenarios provided no
additional benefit in determining whether an ADB system would provide undue glare to other road
users. For example, the Preceding (Same Lane) test scenario resulted in only 5 failures out of 109 valid
test runs (4.6%) across all stimulus and subject test vehicles. Therefore, we suggest that the Preceding
(Same Lane) test scenario be eliminated because conformable performance in these scenarios will be
accounted for by default. Further, Auto Innovators believes that by adopting the most stringent test
scenarios at the extremes of the testing range, the intermediate tests will thereby be obviated. Measuring
system performance at the extremes allows inference of system performance at points between those
extremes. Specifically, the small radius curve was determined to be the most stringent test with 46
failures out of 127 valid test runs (36.2% failure rate). The failure rates for the straight, mid, and large
radius test scenarios were 26.6%, 26.7%, and 22.4%, respectively. Therefore, by only requiring the
straight and small radius test scenarios, an accurate assessment of overall system performance can be
achieved.

Moreover, we recommend that NHTSA decrease the maximum test speed from 70 mph to S5mph.

Since camera detection would be indifferent to the change in speed, we do not believe that testing to 70
mph is necessary to evaluate ADB performance. ITHS noted in its ADB testing rationale, that the
majority of fatal nighttime passenger vehicle crashes on curves occur at speeds of 55 mph or less.!” In
addition, this change will help address safety concerns when testing on certain track geometries at higher
speeds. High speed differentials pose an unreasonable safety risk for test operators, and certain vehicles
such as the U-Haul (large truck), have difficulty reaching the specified test speeds in short times and/or
distances allowed by a test facility. Limiting the test speed to 55 mph for all vehicles will still allow
NHTSA to strike a reasonable balance between safety and practicability in its proposed test scenarios.

1% Insurance Institute for Highway Safety. (2015, August). Rationale and Supporting Work for Headlight Test and Rating
Protocol.
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Lastly, with regards to the stimulus vehicle selection, the test results showed that for all, but one valid
test run for the light truck stimulus, each failure was mirrored by a failure with the Mustang stimulus for
the same scenario. In other words, for all but one run using the light truck as the stimulus that exceeded
the prescribed limits, a failure was also recorded for the same scenario using the Mustang as the
stimulus. As the Mustang provided additional exceedance failures beyond the light truck, the Mustang
clearly provided a more stringent stimulus. As the headlamp configurations for the Mustang (LED
projectors) were similar to the light truck (HID projectors), i.e., similar color temperature, projector lens,
and luminous intensity, the difference in performance is judged to be attributed to the geometries of both
the headlamp mounting as well as the sensor mounting locations. As the bounds for the light truck
presented in Table XXI are between the passenger car and the heavy truck, Auto Innovators believe that
the need for an intermediate stimulus vehicle geometry is unwarranted along the same logic provided in
the previous argument. Therefore, we recommend the elimination of the light truck as a required
stimulus vehicle.

2. Allow a Static Stimulus in the ADB Test Procedure

A static stimulus can be used to represent preceding and opposing subject vehicles, such as a car, truck
or a motorcycle as described in SAE J3069™.2° The Agency decided not to use a static stimulus in this
NPRM, citing its concern that a static stimulus is not realistic and may encourage ADB systems to be
designed to ensure identification of a static stimulus rather than actual vehicles. To address NHTSA’s
concern, SAE International is considering a revision of its recommended practice to include that a static
stimulus can appear like the vehicle it represents in 3-dimensions.?!

The NPRM noted that a static stimulus has the advantage of relative simplicity and ease of testing. It
also helps to reduce test variability, such as lateral variation, differences in vehicle speeds or changing
ambient lighting. Ultimately, a static stimulus can enable repeatability while minimizing test burden. In
addition, Auto Innovators’ experience on the test track revealed potential safety issues with two vehicles
driving at high speed in close proximity during nighttime test scenarios. A static stimulus, which would
replace the subject stimulus vehicle, would help increase safety during testing.

Auto Innovators supports SAE International’s position that a static stimulus is considered the most
challenging scenario since some camera systems utilize opposing or preceding vehicles’ movement
within a scene to identify them as vehicles instead of other road objects, such as reflectors on the side of
the road. We also support SAE International’s position that a “standardized” stimulus lighting device,
standard in illuminance, color and illuminated area, is intended to represent the minimum for each
allowed in FMVSS 108. Since a static stimulus with minimum stimulus illuminance, color and
illuminated area is the most challenging test scenario, it can be considered the worst case for the ADB
system to differentiate a vehicle from other objects. Using static stimuli and/or standardized stimulus
lighting devices not only provides each manufacturer with repeatable and objective criteria to which to
test, but also affords the same to the Agency and/or to the third parties contracted to carryout compliance

20 SAE J3069™ (JUN 2016), pages 11-13.
21 SAE International’s proposed revision will be voted on in late Summer or Fall 2020.
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testing on the Agency’s behalf. For these reasons, we recommend that NHTSA reconsiders the use of a
static stimulus, such as a static test fixture or actual vehicle, and/or standardized stimulus lighting
devices in this NPRM.

Allowing standardized headlamps and tail lamps for the stimuli is an obvious mitigating tactic. Auto
Innovators also points out that standardized lighting device stimuli need not be restricted to static
evaluations, i.e., they could be mounted to vehicle ‘mules’ in various locations as needed, and tested
dynamically. Either way, the approach is a more repeatable, objective, and orderly means for
demonstrating compliance than the proposed use of publicly available vehicles.

Vehicle designs have certain variability, simply by the complexity of the product alone, but there are
also the unfortunate instances where designs are found to later be not compliant, or not to design intent,
forcing manufacturers to make in-cycle design changes or actions. These changes will not always be
known at the time a manufacturer of the ADB vehicle conducts self-certification testing nor to a third-
party conducting compliance testing for the Agency. Such changes will not amend model name, model
year, trim series, or vehicle identification number. Auto Innovators believes this presents an
unforeseeable incertitude to the compliance process with potential for chaos in the industry. If a
stimulus vehicle used for compliance testing later conducted a recall on its headlighting or tail lighting,
or even to a non-lighting component that affected its driving dynamics, pitch or ride height, and the
remedy involved a change in design, what, if any, repercussions would there be for the ADB
manufacturer and its already achieved compliance to the ADB requirements? Other potential unknowns
for vehicles acquired ‘in the field,” vehicles that will have been handled and driven by many prior to
being used as a stimulus, are additionally disconcerting.

3. Limit Stimulus Vehicle Five Year Prior Model Year Requirement

The NPRM is unclear as to the number of stimulus vehicles that will be used in the Agency’s evaluation
of ADB systems, and how audit testing will be conducted. Auto Innovators requests that the Agency
provide clarification on these issues. While we continue to view the static stimulus as the best path
forward for practicably evaluating ADB systems under the most challenging scenarios, if the Agency
moves forward with the usage of dynamic stimulus vehicles and intends that automakers should certify
with stimulus vehicles in every classification, we urge the Agency to consider greater objectivity in this
process. We propose that NHTSA limit the extensive list of proposed stimulus vehicles to a practical
and manageable list which includes a specific stimulus vehicle from each of the following FMVSS
classifications identified in Table XXI of the NPRM: passenger vehicle; light truck, bus, or multi-
purpose passenger vehicle (“MPV”)?2; heavy truck, bus, or MPV; and motorcycle. We recognize that
the proposal to limit the list to one stimulus vehicle from each of the classifications presents challenges
with respect to the appropriate determination of which vehicle to utilize and may raise concerns that this

22 In section I1.A. 1. above, we propose eliminating the light truck stimulus vehicle from the list of stimulus vehicles for
testing.
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process is subject to gaming. To address such concerns, we propose that the single stimulus vehicle
from each vehicle classification shall be selected by the Agency, using a criteria that is transparent and
self-executing, to the greatest extent possible.

We specifically recommend that the Agency select a single set of stimulus vehicles every 5 years, based
on the best-selling make and model within each vehicle classification for a single model year. This
stimulus vehicle set would remain in effect for 10 years, and be updated every 5 years. This means that
after the initial 5 year period for the first set of stimulus vehicles, there would be two overlapping
stimulus vehicle sets at any moment in time, and would continue ad infinitum. This overlap would
provide regulatory certainty for variations in vehicle development lifecycles. To demonstrate this
proposal, we offer the following example.

Assuming this rulemaking begins to allow compliance for 2021 MY ADB vehicles, the following set of

stimulus vehicles would be selected from the prior 2020 model year based on the makes and models

with the highest sales volume in each classification®*:

e Passenger Cars: 2020 MY Toyota Camry

e Trucks, buses, MPVs (light): 2020 MY Ford F-150, should the agency not accept our suggestion to
eliminate the light truck as a stimulus

e Trucks, buses, MPVs (heavy): 2020 MY Ford E-450

e Motorcycles: 2020 MY Harley-Davidson Iron 1200

This initial list of stimulus vehicles would be used for certifying the compliance of 2021 to 2030 MY
ADB vehicles. Five years later at 2026 MY timing, the Agency would provide a second list, again
based upon sales volume in each vehicle classification in the prior model year, in this case 2025 MY.
This subsequent list of stimulus vehicles would be used for certifying 2026 to 2036 MY ADB vehicles,
in addition to the previous list with an expiration of 2030 MY. This selection process would continue to
repeat every 5 years. Because headlight and/or tail light designs can vary within a given vehicle make
and model line, we propose that the Agency select a specific headlight and tail light design for the
stimulus vehicles selected for the list.

We believe that this transparent self-executing update to the stimulus vehicle strikes an appropriate
balance between burden and practicability, while also addressing concerns with gaming. This allows
manufacturers and NHTSA test facilities to maintain a limited set of stimulus vehicles and conduct
certification testing within a finite amount of time. The 10-year phase out also provides manufacturers
with sufficient lead time and regulatory certainty that is needed at the beginning of any vehicle
development cycle, and currently provided in other FMVSSs. With respect to gaming, we believe that
this approach addresses potential concerns e.g., lack of accounting for stimulus vehicles that may have a

2 In light of the current production impact due to COVID-19, and general potential for sales fluctuation due to model lineup
changes, we further recommend that the Agency consider aggregating the sales volume for the prior 5 model years, and not
necessarily just the prior model year. In the case of the example, these 2020 MY vehicles could also be selected based on
combined sales volume leaders during the entire period of 2016 to 2020 MY.
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unique headlamp design, lack of incentivization to manufacturers to test for a variety of stimulus
vehicles, or that this requirement does not cover the entire range of possible stimulus vehicles in several
ways. First, the selection of these stimulus vehicles is completely out of the control of the
manufacturers. This unbiased selection process requires that manufacturers ensure that ADB systems
recognize actual vehicle headlamp types on our roads today, and continue to do so as headlamps systems
evolve. Second, this approach indeed requires that ADB systems recognize a wide variety of stimulus
vehicles by maintaining the proposed requirement to certify against a variety of stimulus vehicle
classifications. Third, the selection of the stimulus vehicle based on greatest total sales volume ensures
that the selected headlight and tail light stimuli are the most appropriate representation possible within
each classification. To reiterate, if it is the Agency’s intent that automakers should certify with stimulus
vehicles in every classification, we request consideration be made for this alternate proposal.

We agree with NHTSA that an ADB system should be able to identify a wide range of different vehicle
types, just as camera-based auto high beam (“AHB”) systems (i.e., semiautomatic headlamp beam
switching devices) have been doing since 2004. We estimate more than seventeen million vehicles,
greater than 50% of some automakers’ sales, are equipped with camera-controlled AHB systems. These
systems currently use similar or identical forward vision camera and vehicle identification algorithms as
today’s ADB systems in countries outside of the United States. Automobile manufacturer members of
Auto Innovators agree that their AHB systems, which were designed without the type of rigorous
examination laid out in the NPRM, have not resulted in increased discomfort glare complaints. This
longstanding precedence should serve as an undoubting indicator that future ADB systems, using similar
control hardware and algorithms, will provide superior visibility performance while protecting against
discomfort glare, similar to AHB systems.?*

Further, having an ADB system recognize any vehicle in every segment is a contrary approach
compared to other FMVSS’ test protocols which account for real world variations under objective and
repeatable conditions. For example, FMVSS 208 accounts for the population of all possible drivers by
testing with just Sth percentile female, 50th percentile male, and 95th percentile male crash test
dummies. It additionally uses a NHTSA-defined fixed barrier,? one specified range of vehicle test
speeds, and adjustments of components like seats, steering wheels, seat belt anchorages and head
restraints are specified and limited.

The proposed requirement for selecting random stimulus vehicles from within the preceding five model
years does not strike a reasonable balance between the need for safety and practicability. Other
standards are based, in the case of FMVSS 208, on one crash “partner” intended to represent a much
greater crash population, e.g., crash barrier, crash speed, anthropomorphic test device (“ATD”),
surrogate subject vehicle (“SSV”), pedestrian dummy, etc. However, in this ADB NPRM, we are being
asked to recognize every “partner”, in every “partner” segment from the last five model years. Our
proposal still allows for an ADB system to test to a broad range of stimulus vehicles that are

24 Michael J. Flannagan & John M. Sullivan. 2011. Preliminary Assessment of The Potential Benefits of Adaptive Driving
Beams, UMTRI-2011-37. University of Michigan, Transportation Research Institute.
25 Part 571 Subpart A General definitions.
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representative of the current vehicle population, and to reiterate, will use similar operating parameters as
AHB, a feature with proven precedence in the field. It is unnecessary to test practically every vehicle on
the road to demonstrate compliance when vehicles within a category are substantially similar.

Checking representative vehicles through the track test and better defining those representative vehicles
will make the standard practicable without limiting the safety benefits. Also, this approach addresses
the Agency’s concerns of whether glare prevention can be adequately ensured with a smaller set of
stimulus vehicles, limits manufacturer burden in testing, and would encourage repeatability to compare
ADB performance between tests.

B. Technical Recommendations

1. Require Passage of a Percentage of Individual Illuminance Readings to
Achieve Compliance

Auto Innovators proposes a new approach for determining compliance to the Agency’s proposed
FMVSS 108 test procedures to evaluate ADB performance. Instead of requiring that an ADB system
pass all the test scenarios outlined in the NPRM, we recommend that NHTSA instead require passage of
a percentage of individual illuminance readings to achieve compliance. We believe that this approach
may be supported by the design to conform provision included in the NPRM. The Agency has proposed
to extend the design to conform language that has been part of FMVSS 108 since its inception to the
proposed requirements for ADB.%¢ With design to conform, NHTSA has stated that it will not consider
a lamp to be noncompliant if its failure to meet a test point is random and occasional, and historically,
there has never been an absolute requirement that every motor vehicle lighting device meet every single
photometric test point to comply with FMVSS 108.%’

The NPRM includes 34 individual test scenarios with three or four illuminance readings taken for each
test for a total of 102 or 136 illuminance readings for a full compliance test for each ADB-equipped
vehicle.?® It would be helpful if the Agency provided guidance as to how the “occasional and random”
criteria would apply, since the readings in the proposed ADB test represent the maximum value recorded
over a period of time rather than readings historically taken in FMVSS 108 that are at points, along
lines, or in zones in a defined two dimensional grid. Since its inception, all photometric testing
conducted according to FMVSS 108 has been with the lighting device and the photodetector having a
static physical relationship between them. However, the large majority of NHTSA’s proposed ADB
tests would occur with continuous movement between the device being tested and the photodetector—
often time with the relative movement occurring in three planes.

26 NPRM at 51786.

Id.

28 FMVSS 108 photometric test requirements include at most 4 individual readings for upper beam headlamp maximum
intensity, and 10 individual readings for lower beam headlamp maximum intensity.
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Additionally, unlike photometry conducted in dedicated indoor test facilities where the temperature,
humidity, and ambient lighting can be strictly controlled, outdoor test conditions cannot be controlled.*
It would be difficult not to attribute failures of illuminance readings to variances that could appear in the
novel and unique aspects of the test procedure, rather than to quality control issues particularly where
the time and complexity of the testing preclude conducting it on multiple ADB-equipped vehicles.*® To
further account for the test variations associated with this type of testing, we propose that up to three test
runs for each individual test scenario be permitted, and an average of the individual illuminance readings
for those runs be used as the reported maximum illuminance reading for that test scenario.

We believe that an appropriate basis for compliance for ADB systems should allow up to 15% of the
individual illuminance readings to exceed the glare limits proposed in our comments by no more than
25% in intensity. The precedence for allowing exceeding glare limits by no more than 25% in intensity
is described below, while the allowance for up to 15% in quantity comes from FMVSS 108 itself.
S$14.9.3 of FMVSS 108 requires that 20 flashers chosen from a lot of 50 be subject to a starting time test,
a voltage drop test, a flash rate and percent current “on” time test, and a durability test where the
performance requirements for these two devices are considered to have been met if 17 of the 20 samples
(85%) comply. This amount of performance variation would seem consistent with the previously noted
challenges of outdoor dynamic testing where little previous experience exists.

The concept that slight differences in light intensity are generally not perceivable to human observers
has been widely supported in various studies including those by NHTSA*! and UMTRI.** These studies
have interpreted such slight differences to not exceed 25%. The Agency, in granting an inconsequential
noncompliance petition from Hella, confirmed that the 25% criteria applied to situations where the
actual lamp intensity was above the stated requirement maximum.*® Also, NHTSA recently used a
similar basis to grant petitions for inconsequential noncompliance from Nissan and Toyota.** Auto
Innovators recommends that NHTSA consider evaluating whether its test procedure for ADB should
allow for compliance of a percentage of all test scenarios based on the Agency’s provision of design to
conform in FMVSS 108.

2% Although the IIHS states that, “a full moon on a cloudless night illuminates the ground below to about 1 lux”, its headlight
test and rating protocol limits tests to where the ambient light is below 0.3 lux. Insurance Institute for Highway Safety. (2018,
July). Headlight Test and Rating Protocol (Version I1I).

30 NHTSA conducted testing of several ECE compliant vehicles equipped with ADB using modified ECE R48 and R123
vehicle tests. The Agency concluded that, “Multiple test trials per scenario would serve to compensate for variability in
dynamic maneuver scenario performance as well as ADB performance variability. More than three trials per scenario are
recommended. DOT HS 812 174 August 2015, Page 18.

3L Driver Perception of Just Noticeable Difference(s) in Signal Lamp Intensities, DOT HS 808 209, September 1994,

32 Sayer, J. R., Flannagan, M. J., Sivak, M., Kojima, S., & Flannagan, C. C. (1997). Just Noticeable Differences for Low-
Beam Headlamp Intensities (Report No. UMTRI-97-4). Ann Arbor: The University of Michigan Transportation Research
Institute.

3355 FR 37601-2, Docket No. NHTSA-1989-09, September 12, 1990.

31 See 85 FR 39678 and 85 FR 39679, Docket No. NHTSA-2019-0079; Notice 2, July 1, 2020.
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2. Increase Glare Limit Exceedance Time to Greater Than One-Tenth of a
Second

As noted in Section II, Auto Innovators understands the importance of balancing the safety benefits of
ADB technology with avoiding discomfort glare to other vehicle motorists. However, the Agency
should not diminish the visibility improvements an ADB system can provide to disproportionately
protect against discomfort glare. Unfortunately, we believe that the glare limits specified by NHTSA in
its test procedure do exactly that. NHTSA is proposing stricter requirements for an advanced system
that increases safety with increased visibility; stricter even more than that imposed on AHB systems as
discussed above. However, even compliant ITHS top rated lower beam systems today cannot meet the
proposed glare requirements.

Our testing demonstrated a need for an illuminance exceedance factor that would allow for some
flexibility in system response, yet still account for only a minor portion of time in each test run. For a
robust system response that adapts the beams accordingly, it must be allowed time to process and
validate the driving environment. To not allow for this can result in false validations or sporadic and
frantic adaptations. Such a factor would allow for reliable and repeatable test results despite minor
variations in the environment, stimulus vehicles, and system detection and response. An analysis of our
test data shows that a majority of exceedances were less than 2.0 seconds. Only a few exceedances were
over 2.5 seconds, and these were limited to difficult to detect scenarios, such as testing the stationary
motorcycle.

We believe that the Agency intended the 0.1 second momentary spike allowance as only a filter for
sensor or environmental noise. Based on our results, we believe that 2.5 seconds is reasonable for an
ADB system response. We propose that NHTSA increases the illuminance exceedance time for
momentary spikes and the sum of momentary spikes over all test distances (30-220 meters) to a
maximum of 2.5 seconds. This glare exceedance limit is allowed in SAE J3069™ and is based on
human response time to the sudden appearance of an opposing or preceding vehicle.’®> Advanced ADB
headlighting systems will outperform human response. Accordingly, we recommend that NHTSA
adopts a glare exceedance limit of 2.5 seconds to align with Canada Motor Vehicle Safety Standard
(“CMVSS”) 108 and SAE J3069™.

3. Eliminate the Glare Limit Exceedance for Distance

S14.9.3.12.8.1 of the NPRM ignores spikes in the illuminance measurement results over the prescribed
limits of 0.1 seconds or 1 meter. Because the testing is conducted at constant speeds, having both a time
and distance specification becomes duplicative and does not add any value to the test protocol. For
example, in the oncoming scenario with both the VUT and the stimulus vehicle traveling at 70 miles per
hour, the vehicles will pass a distance of 1 meter in 0.016 seconds. Because timing holds more

35 SAE J3069™ (JUN 2016).
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relevance in real world driving (for example, comparing response times of an ADB system to the
perception response time of a human driver in dipping to lower beams), Auto Innovators believes that
the distance exceedance limit should be eliminated and the Agency should instead focus only on time
limited exceedances.

C. Allow Horizontal Aim

As set forth in SAE J3069™ and CMVSS 108, and expressed in the December 2018 submission under
the previous organization Alliance of Automobile Manufacturers, ADB systems require horizontal
adjustment to properly align the beam pattern to the vehicle’s camera. This facilitates proper alignment
of the beam’s area of reduced intensity to prevent discomfort glare to any oncoming or preceding
vehicles. This alignment exists at the system level and continues to be necessary in the field where
occasional need for lamp replacement can occur, for example, as a result of collision damage.

Horizontal (and vertical) adjustment serve to minimize the area of reduced intensity by allowing more
precise calibration of what is directed towards the stimulus vehicle(s). If provisions for accessibility and
adjustment of horizontal aim were not incorporated into the final rule, automakers would be required to
compensate for any resulting horizontal vehicle variation into the size of the area of reduced intensity,
resulting in greatly increasing this area. An area of reduced intensity larger than necessary would
significantly reduce the additional light otherwise provided to a driver by an optimal ADB system if
horizontal aim and adjustment were permitted.

FMVSS 108 allows horizontal aim only when a vehicle is equipped with on-vehicle headlamp aiming
devices (“VHAD”). With the introduction of visual/optical aim, not to mention that they were fraught
with shortcomings, VHADs have become obsolete. FMVSS 108 should allow the horizontal aim
adjustment of ADB headlamps similar to UNECE and Canada Motor Vehicle Safety Standard
regulations to properly align the beam pattern with the vehicle’s camera to obtain the minimum size of
the area of reduced intensity necessary, and properly position it to prevent discomfort glare to oncoming
or preceding vehicles.

The method to horizontally aim each ADB headlamp can take many forms, depending on the specific
execution of the ADB system. Each involves an ADB-specific aim calibration mode which is activated
either by a dealer or consumer when the vehicle is parked. This mode would illuminate a horizontal aim
feature utilizing one or more of the ADB-illuminated elements which have a sufficient vertical gradient
that can be used for horizontal aim, just as one does today with vertical aim. The dealer or consumer
would use this vertical gradient to properly calibrate the horizontal aim following instructions specified
in the service manual or owner’s manual.

We request that, for the reasons cited above, provisions be made in FMVSS 108 to allow horizontal aim
and adjustment for headlamps performing ADB function, wherever it currently is prohibited.
Additionally, for compliance testing, we request that NHTSA ensures headlight aiming for stimulus
vehicles be adjusted per the vehicle manufacturer’s specifications prior to testing, and that the Agency
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considers prescribing performance criteria to ensure that light being emitted by stimulus vehicles does
not degrade (e.g., decreased illuminance) over time due to aging.

IV. Conclusion

Auto Innovators requests that NHTSA consider both the feasibility and technical concerns and
recommendations outlined above regarding the FMVSS 108 test protocol when drafting the final rule.
We do not believe the proposed test protocol is practicable or repeatable, rather it is unnecessarily
burdensome for manufacturers. We request that NHTSA reconsiders the proposed test parameters
which, as currently written, are overly complicated. Specifically, the Agency should scale back its
quantity of dynamic test scenarios and the five-year model year requirement for stimulus vehicle
selection.

We also recommend that NHTSA increase the glare limit exceedance time to higher than one-tenth of a
second. Specifically, we suggest up to 2.5 seconds as recommended by SAE J3069™ and allowed per
CMVSS 108. Our data analysis shows that this time limit is more appropriate for the ADB system to
adapt to mitigate glare, while at the same time avoid intermittent and haphazard responses.
Additionally, NHTSA should incorporate modified glare limits based on IIHS glare limits into the ADB
test procedure, and eliminate the glare limit exceedance for distance. Further, we propose that the
Agency reconsider the use of a static stimulus and standardized stimulus lighting, require passage of a
percentage of individual illuminance readings to achieve compliance, and allow for horizontal aim. For
NHTSA'’s convenience, we have summarized these recommendations in Table 2 in Appendix D.

Auto Innovators appreciates this opportunity to provide supplemental comments and hopes that NHTSA
grants them their full consideration. We look forward to continuing working closely with the Agency to

prioritize safety and innovation and introduce ADB systems in the U.S. vehicle fleet.

Sincerely,

Scott Schmidt
Senior Director, Safety
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APPENDIX A — STIMULUS VEHICLES

Stimulus Vehicle 2018 Ford Mustang GT
(Passenger Car)

Lamp Type LED Projector headlamps (low lamp height)

Sensor Placement

N
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Stimulus Vehicle

(Heavy Truck)
Lamp Type Halogen Reflector headlamps

Sensor Placement

Forward Lux sensor placement fit within the NPRM’s placement boundary but
was very close to the lower limit while placed near maximum windshield
height. Wide box, extended towing style mirrors, utilized 3 lux sensors.

26
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Stimulus Vehicle

(Light Truck)

2017 GMC Sierra 1500, 4WD Double Cab/ 2016 Chevrolet Silverado 1500,
4WD Double Cab

, utilized 4 lux sensors. While three vehicles were
tested against the GMC Sierra 1500, one vehicle was tested against a 2016
Chevrolet Silverado 1500 w/ HID Lamps.

R
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Stimulus Vehicle

(Motorcycle)

2018 Harley Davidson Ultra Classic

Lamp Type

Single LED Projector, forward auxiliary lighting was disabled using only the
center source. There was discussion whether to disable the redundant tour
pack taillights to create a worst-case scenario for testing. Ultimately, it was
decided to keep the taillight array intact, avoiding FMVSS 108 compliance
concerns. Also 3 lux sensors were utilized without a sensor placed in the
center rearview.

Sensor Placement

Generally, motorcycle windscreens do not extend beyond an operator’s line
of sight. The NPRM boundaries represent appropriate placement, however,
sensor placement on a windscreen within these limits was challenging. The
Harley-Davidson motorcycle required placement close to the lower boundary
at 1.32 meters, while the rider’s sightline position was mid-boundary.
Physically lower models of motorcycles may require an elaborate mounting
fixture isolated from the windscreen to meet the boundary requirements
specified in the NPRM. Further, windscreen mounting can introduce
variation when considering frame fixed versus steering fixed (such as our
machine).

28
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APPENDIX B - EQUIPMENT SETUP

& WUT {808 Sguinped Vehiols}

L &D e
§\§§\s\§§§§\\\ NEAN Ragio Network Comm, §k\\\\‘\\\\\\%‘\\\\\:‘\\\“

X \

e Oxford Technical Solutions RT3002 (high accuracy GPS), OxTS Range system (Target/Hunter)

o Dewesoft Data Acquisition — customizable hardware, video and data acquisition

e Konica Minolta T-10A LUX receptors — individual analog output recorded by Dewesoft at low
gain

e Basic HD USB webcams — forward and rear facing, helpful for visualizing/sorting tests
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APPENDIX C —- TRACK SETUP

1100-1300 ft. Radius Curve (Large) — FTTA selected its oval track (Road D) south curve for this
scenario. The actual center line measurement is a 1015 ft radius. Superelevation was at 7%,
compared to the 2% specified in the NPRM, and adjacent test lanes were on the same slope.

This curve was defined by standard Michigan Department of Transportation (DOT) lane
markings (dashed center, solid edge lines, grassy shoulder, partial guard rail).

730-790 ft. Radius Curve (Mid) — This test scenario was conducted on FTTA’s VDA pad (Road
C). Actual centerline radius was 815 ft. between adjacent test lanes. Curvature was defined by
short road cones along survey dots, with no edge lines.

320-380 ft. Radius Curve (Small) — Also conducted on the VDA pad, with a 328 ft. centerline
radius — the only curve in spec of the NPRM. This curvature was defined by DOT specification
dashed yellow, but no edge lines. The oncoming 220m “start of test” is not always achievable
here, with vehicles only reaching 200m distance (measure by line of sight). Though somewhat
irrelevant when vehicles are 180° apart — no oncoming light will be in frame.

Road C{VDA}
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APPENDIX D — SUMMARY OF RECOMMENDATIONS

TABLE 2. AFAI SUPPLEMENTAL COMMENTS ADB NPRM REVISION REQUESTS

Transition zone
between upper beam
and lower beam.

without photometric
requirements

NPRM PROCEDURE REQUESTED REVISION BASIS NPRM & FMVSS No. 108
SUBJECT PROCEDURE REVISION SECTION(S) AFFECTED
Allow transition zone Physical and technical S9.416.6 &S594.1.6.7

impossibility of providing

large changes in light levels

across small horizontal
distances

Glare limits

Allow right curve glare
limits used in ITHS
headlamp evaluation

More typically represents

performance of current OEM
headlamps and an appropriate
balance of visibility and glare

S$9.4.1.6.3 & Table XIX-d

scenarios

procedure
Glare exceedance time | Allow up to 2.5 seconds and Represents glare tolerance S14.9.3.12.8.1
interval or distance remove distance interval based upon cumulative dosage
interval exposure
Photometric Allow compliance to be Recognition of variances S149.3.12.8
performance basis of based upon passage of a implicit in novel outdoor
compliance percentage of total test dynamic photometry testing Reference: 514.9.3.3.3,
S$14.9.3.43,S149.353,

and application of design to
conform precedent

S$14.9.3.6.3,814.9.3.7 3,
S14.9.3.8.3,S14.9393

& S14.93.103
ADB Test Matrix

Static stimulus

Allow a static stimulus such

as a test fixture or a stimulus

vehicle, and standardized
stimulus lighting

Observed safety concerns and
stimulus identification issues

Reference: S6.4.3, Table V-
b, & Table V-¢

Horizontal headlamp
aim

Allow horizontal headlamp

aim adjustment without use
of a VHAD

Permit camera and headlamp
alignment on each individual
vehicle

S$10.18.4

S$9.4.1.6.3 & Table XIX-d

Short (15-29.9 m)
distance range

Eliminate 15-29.9 m
distance range

Observed small amount of test
failures

Preceding (Same) lane
test scenarios

Eliminate preceding (Same)
lane test scenarios

Testing showed infrequent
failures

S149.3.12.5

Mid and large curve
radius test scenarios

Eliminate mid and large
curve radius test scenarios

Stringency of straight and
small radius curve scenarios

S149.3.12.5

negates redundancy of results
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with mid and large radius
curve scenarios

Test vehicle maximum | Reduce from 70 mph to 55 | Observed safety concerns and ADB Test Matrix
speed mph lack of large truck acceleration
performance
Stimulus vehicle Eliminate use of light truck Redundancy of results with S149.3.12.1
category overlap stimulus vehicle passenger car
Stimulus vehicle Agency selects a single Imposes practical limits to size S14.93.12.1

selection

stimulus vehicle from each
prior model year of vehicles,
based on the best-selling
make and model within each
vehicle classification.

of test vehicle fleets
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Vehicle headlamps are a primary safety system. Research data from the National Highway Traffic
Safety Administration {(NHTSA]} reports approximately 25 percent of automotive travel occurs at night.
However, nearly 52 percent of all driver fatalities and 71 percent of all pedestrian deaths occur during
dark driving times {(NHTSA, 2018). This data ieads to the conclusion that driving in dark or low-light
conditions increases the likelthood of a collision at least partially due to a combination of limited
forward illumination by current automotive lighting systems and the speeds at which drivers travel
{(NHTSA, 2018). The efficacy of headlamps compliant with U.S. regulations may be a contributing factor.
Rasearch conducted by AAA determined that modern headlamps on low beam provide adequate
lighting for speeds of only 39 mph to 52 mph, depending on the type of headiamp {AAA, 2015).

While urban roadways with overhead lighting can mitigate this problem, 3 minority of U.5. roadways
have installed overhead lighting {Technology, 2014). Additionally, U.S. drivers are reluctant to use high
beam headlamps out of concern for creating glare for oncoming or preceding drivers {Mary Lynn
Buonarosa, 2008}, (AAA, 2015},

Increasing roadway lighting without creating glare for other motorists should increase the safety of
nighttime driving. This is the promise of adaptive driving beam headlamp technologies. NHTSA
describes adaptive driving beam as, "a type of adaptive front-lighting system that automatically
enables upper beam headlamps and adapts their beam patterns to create a shaded area around
oncoming and preceding vehicles to improve long-range visibility for the driver without causing
discomfort, distraction, or glare to other road users.”

The performance specifications for U.5. headlamps are defined by Federal Motor Vehicle Safety
Standard 108 that sets requirements for original and replacement lamps, reflective devices, and
associated equipment. Many of the specifications were developed for sealed beam headlamps and,
even with updates to the regulations, have not kept pace with recent advances in lighting technology.
Section 9.4 of the standard expressly prohibits simultaneous operation of high and low beam
headiamps, thereby excluding adaptive driving beam headlamp systems from vehicles sold in the U.S.

This research project intends to evaluate the effectiveness and limitations of European specification
vehicles eguipped with adaptive driving beam technology. U.S. specification headiamp systems and
adaptive driving beam technology available on European specification vehicles will be guantitatively
and qualitatively compared.
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The vehicles selected for testing were sourced from two vehide manufacturers who provided both US.

and European specification vehicles of the same model. The U.S. specification vehicles are equipped
with LED headlamps and auto-dimming technology, which allows driving with high beams by default
above a set speed, and automatic swilching to low beam operation when oncoming or preceding
traffic is detected. The European specification vehicles are equipped with LED headlamps and adaptive
driving beam technology.

Ressarch Questions:

1. How do U.S. and European specification low and high beam headlamps differ in static roadway
filumination?

2. How do U8, and European specification headlamps differ in producing glare?
3. How do U.S. and European specification headlamps differ in dynamic roadway illumination?

Kevy Findings:

1. During static testing of roadway lighting, driver perception of target Hlumination was similar among all
vehicles tested.

a. .5 specification headiamps produced 1.9% more low beam ilumination on targets.

b. Average target lllumination values for high beam was 12.5% higher for European specification as
compared to U5, specification headiamps.

2. Ali four test vehicles scored in the low perceived glare range of the evaluation scale, ranging from
“Satisfactory” 1o "Just Accepiable”. One manufacturer’s European specification vehicle scored better
than its U.S. specification counterpart did. Results for the other manufacturer's vehicles were reversed.

3. European specification systems consistently provided more roadway lighting when an oncoming vehicle
was approaching, or a preceding vehicle was close.

a. Based on static target illumination data, the increase in roadway lighting could be as much as 86
percent {comparison of average European specification high beam to U.S. specification low
beam).

b. The adaptive driving beam {ADB] system maintained high beam operation in all areas except
those intentionally shaded by the system to minimize glare.
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¢.  insimilar vehicle placement crcumstances, the U.S. specification vehicles were forced o raduce
headiamp operation to low beam in order to minimize the likelihood of producing glare to
oncoming and preceding vehicles,

Roadways with hills were the most common driving scenario where other drivers were subjected to
potential glare by an ADB capable vehicle. It should be noted that all headlamp systems currently
available {manual high-low switching and automatic high-beam} produce glare to other drivers when
cresting hills. In this situation, where glare potential is high, AAA research noted that it occurred less
frequently with ADB capable European specification headlamp systems than with auto-dimming U.S.

specification systems.
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Vehicle headlamps are a primary safety system. Research data from the National Highway Traffic
Safety Administration (NHTSA]} indicates that roughly 25 percent of automotive travel occurs at night.
However, nearly 52 percent of all driver fatalities and 71 percent of all pedestrian deaths occur during
dark driving times {(NHTSA, 2018). This data ieads to the conclusion that driving in dark or low-light
conditions increases the likelihood of 2 collision at least partially due to imited forward llumination by
current automotive lighting systems combined with the speeds at which drivers travel.

Previous AAA research concluded that low beam headlamp systems using halogen bulbs and reflector-
type optics do not adeguately illuminate the roadway at speeds in excess of 38 mph. Projector lens and
LED light sources can extend the range of useful roadway illumination and provide sufficient
illumination at speeds up to 45 mph, and LED headiamps up to 52 mph. {AAA, 2015},

High beam headlamps improve forward llumination up to 28 percent compared to low beams.
Unfortunately, two-thirds {64 percent) of U.S. motorists who drive at night say they do not regularly
use their high beam headlamps {AAA, 2015). To address this situation, many automakers are
introducing headiamps that can be set to automatically switch between low and high beams based on
driving conditions.

An optimal headlamp solution would provide sufficient forward ilumination so that a driver, at any
reasonable vehicle speed, would always have sufficient time to visually identify and appropriately react
to any dangerous roadway condition, including pedestrians, animals and other obstacles. However,
safe nighttime driving at posted speed limits on unlit roadways reguires more forward illumination
than is provided by headlamp systems currently available in the U.S.

Automakers and lighting system designers have worked to close the gap between the speeds at which
motorists drive and the required amount of roadway illumination. However, a major challenge in the
development of more advanced lighting systems has been limiting glare. Most options for increased
roadway illumination can also create glare for oncoming and preceding motorists. Solutions have been
developed and are available on selected vehicles sold in Europe and elsewhere in the world. Commonly
called adaptive driving beam {ADB]} headlamps, these systems allow driving with the high beams
always on. Glare is prevented by dynamically controlling segments of the headlamp beam to create
“shadowed” areas in the locations of oncoming and preceding vehicles. These dynamic, adaptive

10
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driving beam systems have the potential to deliver increased roadway HHlumination for safer driving at
higher speeds while shielding other drivers from glare.

Federal Motor Vehicle Safety Standards {(FMVSS) developed by NHTSA specify technical requirements
for all vehicles sold in the United States. Automotive headlamps are regulated by FMVSS 108, This
regulation clearly defines headlamp performance, installed position, luminascence, considerations for
glare, and alming for both low beams and high beams. Although FMVSS 108 does not specifically
address or prohibit the use of ADB lighting systems, certain technical requirements have been
interpreted o rule out theilr use. Two relevant sections of FMVSS 108:

= £3.4: Low and high beam headlight beams cannot be energized at the same time. Thisis a
fundamental obstacle to allowing ADB headlamp systems in the U.S.

»  §6.1.5.2.1t0 §6.1.5.2.3;: These sections detall scenarios where high and low beams are allowed
to be used simultaneously, but they do not include the basic function of ADB systems.

FRAVSS 108 also outlines detalled photometric reguirements for both low and high beams. ADB
headiamps use a combination of low and high beams at the same time, and deactivate the lights in
specific areas to prevent glare, Unfortunately, this dynamic lighting control makes ADB headlamps
unable to meet al] of the requirements specified in the FMVSS standard.

i1 S
oy Doneer piod
TATRTE PNRY § LSRN \ \\ﬁ S8

Canadian regulations for vehicle headlamps {CMVSS - Canada Motor Vehicle Safety Standard] are very
similar to those in the U.S. However, CMVSS 108, the Canadian counterpart to FMVSS 108, was
amended in March 2018 to permit the use of European-stvie headiamps equipped with ADB capability
{Canada, 2018). The regulation states that headiamps may be used, provided they comply with either
the requirements detailed in the relevant United Nations Economic Commission for Europe (UNECEY
headiamp regulations as described below or the ADB test procedure described by the Society of
Automotive Engineers {SAE) Recommended Practice J3069 201606..

* The World Forum for Harmonization of Vehicle Regulations is 3 working party of the Sustainable Transport Division of the
United Nations Economic Commission for European (UNECE). i is tasked with creating a uniform system of regulations,
called UN Regulations, for vehicle design to facilitate international trade.

1
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UNECE regulations 48 and 123 {UNECE, 2018} include the most significant sections pertaining to the
function and use of ADB headlamps in the European Union {EU). As part of the Transatlantic Trade and
Investment Partnership, a study was completed comparing the differences between U.S. regulations
and those enforced in EU countries, The differences are summarized below:
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The UN regulation directly defines the functional intent of adaptive driving beam headlamps and
permits their use as part of its regulatory construct, while U.5. regulations do not. For a detailed
description of the differences between U.5. and EU lighting requirements, refer to the full study cited
in the bibliography.
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U.S. and European regulations are similar in defining both low beam and high beam headlamps. The
high beam is primarily for distance, and to illuminate the roadway when not closely following or
meeting oncoming vehicles. The low beam is intended to iluminate the roadway and immediate area
ahead of the vehicle when closely following or meeting an oncoming vehicle {Broertjes, 2018).

Some countries have changed from U.S. to UNECE regulations in the past: the UK in the 1870s,
Australia in the 1980s, and Japan in the 1990s.

12
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The following points summarize U.S. regulatory requirements related to the twin goals of providing
adegquate roadway lighting and minimizing glare to oncoming and preceding drivers.

¢ According to U.S. regulations, low beam and high beam headlamps are required {0 operate independently.
This requirement is interpreted to specifically excludes ADB lighting systems due to their always-on high
beam with low beam projection where appropriate {shuttering oncoming or preceding vehicles).

s [Humination of targets to the side of the roadway has been found to be much higher with U.S. specification
low beam headlamps (Federal Register, 2018).

e U5 reguiations allow higher mounting heights for headlamps {up to 52 inches, which is 6.77 inches
{172mm} above the European limit). This can contribute to glare as the height of the headlamp approaches
the level of the driver and mirrors in other vehicles. Compounding this problem, U.S. regulations do not
require vertical aiming adjustment based on mounting height. {The higher the headlamp is mounted on the
vehicle, the more i is angled downward.} This can result in large vehicles, such as pickup trucks and SUVs
directing more light at greater elevations above the road. Current U.S. regulations only require headlamps 1o
be compliant when tested in the lab. The practice of allowing headlamp mounting above the typical height s
inconsistent with the goal of reducing glare to drivers of an oncoming or preceding vehicle {Federal Highway
Administration, 2014},

¢ The measured Himits of light output in headlamp beam areas that produce glare are over twice as large In
U.5. regulation as compared to UNECE regulation limits (Official Journal of the European Union, 2018).

s Current U.S. regulations do not quantify glare.

¢ U.5 regulations treat cleaning {washing systems} of headlamps as optional.

European lighting regulations are documented in United Nations Economic Commission for Europe
UNECE regulations, which have been adopted by most countries in the world with the exception of the
United Stated and Canada. Two differences in current UNECE regulations and those of the U.S. have to
do with allowable high beam intensity and headlamp mounting height. Higher allowable limit for high
beam intensity means more light on the roadway and better safety when using high beam headlights.
The lower limit for headlamp mounting height in the UNECE regulations means that the source of
automotive headlight beams is most likely below the height of eves of drivers in oncoming or
preceding vehicles, thereby reducing the chance for glare.

13
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& European lighting standards {UNECE} aliow over two times the light cutput from high beam haadlight
systems as compared to the US. {Broertjes, 2018). LL.5. comphant systems allow a vehicle maximum of
150,000 candela while European compiiant systems allow a vehicle maximum of 430,000 candela {Official
Journal of the European Union, 2018}, This provides for gains in sight distance, but also increases the
potential for glare to affect oncoming and preceding traffic when high beams are not dimmad.

s The allowable mounting height limit of headlamps in UNECE regulated markets 5 6.77 inches {177mm)
lower than in the U.S. and UNECE regulations require increasing the downward inclination of the headlight
heam as the mounting height is increased

o WYehicles manufactured for a world market have a headlamp mounting height compliant with UNECE
reguirements, even in the U.5. version,

The following visual representations of five use cases depict the on-road scenarios considered when
evaluating the performance of ADB in terms of visibility for the driver and glare for other drivers. Use
cases support the development of test cases that can be used throughout the automotive industry and
with regulators.

14
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Headlamp testing for regulatory compliance in the U.S. currently involves evaluating a headlamp as a
separate plece of eguipment in a2 lab. Fixed high and low beam patterns are measured with a static
photometric test. While this static testing environment can capture photometric properties, it doss not
capture all aspects of on-road illuminance and performance, particularly for a dynamic system like
adaptive driving beam. ADB adapts the light pattern based on the presence and location of other
vehicles. The performance of ADB headiamps is dependent on the presence and location of other
vehicles, as well as the camera/sensor, software, and mechanism used to control the beam pattern.
Evaluation of ADB performance requires whole-vehicle track testing to replicate the presence of other
vehicles and measure the glare perceived,

The Society of Automaotive Engineers {SAE international) developed J3069, a recommended practice
that includes test procedures, performance requirements, and design guidelines for ADB systems (SAE
international, 2016). The road test conditions include a stationary fixture that represents a preceding
or oncoming vehicle and houses sensors at locations representing drivers’ eyes and rear-view mirrors
for measuring glare. SAE international recommends that the iluminance at these locations should not
exceed glare levels from low beam headlights that meet the current FMVSS 108 regulations. Glare level
limits were derived from angular photometric requirements from the current standard FMVSS 108,

in addition to testing for ADB, NHTSA has considered the whole-vehicle testing approach for existing
headiamp technology. The Insurance Institute of Highway Safety (IIHS} headiamp safety testing of
currently available systems indicates that although a headlamp may meet the lab testing requirements,
the on-road performance may not be as safe as desired due to systemic factors including headiamp
aim {HIHS, 20186}, if whole-vehicle testing were pursued, performance would be based on illuminance
provided by the headlamps on the road as installed on the vehicle rather than the light properties of
the headlamps as an individual component. By utilizing whole-vehicle testing, regulation can be based
on dynamic road visibility and glare performance as perceived by end users.

sy P N
3R §d sl
N FVEPNC ‘”\ ERN

Improvements in visibility could be a factor in decreasing the number of road fatalities that occur at
night. Numerous studies have highlighted that drivers infrequently use their upper beam headlamps. A
study by the University of Michigan Transportation Research institute {UMTRI indicated that drivers
turned on high beams only approximately 25 percent of the distance driven in nighttime situations
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whare their use would be reasonable and advisable (Mary Lynn Buonarosa, 2008}, This percentage was
confirmed by a AAA survey in 2015 {AAA, 2015). There are several potential reasons for this lack of use
per the lIHS. Some drivers may be concerned about causing glare for other drivers. Others may forget
1o use their high beams or not realize the benefit of high beams over low beam lighting. The added
visibility provided by high beams gives drivers more stopping distance and may minimize damages in
the event of an accident or prevent an accident from happening in the first place.

An ideal headlamp system maximizes visibility while limiting glare for others. Low beams offer low
glare potential for others at the expense of visibility for the driver. High beams provide more visibility
but can cause excessive glare for other drivers in the vicinity, High beam assist is a technology available
that automatically switches between low beams and high beams, so drivers can have the visibility of
high beams when other vehicles are not in the vicinity. When another vehicle is detected, the system
automatically switches to the low beam setting until the other vehicle has passed. This technology is a
remeady for the under-utilization of high beam, though ADB provides even further enhancements {o
visibility and safety. NHTSA states, “Adaptive Driving Beam (ADB] is a type of adaptive front-lighting
system that automatically enables upper beam headlamps and adapts theilr beam patterns {o create a
shaded area over oncoming and preceding vehicles. This functionality improves long-range visibility for
the driver without causing discomfort, distraction, or glare to other road users.”
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Test vehicles were sourced from Volkswagen Group of America {Audi) and Mercedes-Benz USA. The
vehicle description was obtained from a uniform set of guestions answered by U.S. representatives of
each vehicle manufacturer. Vehicle manufacturer representatives were present during static and
closed course testing and verified proper operator selections to enable both automatic dimming {U.S.
specification) and adaptive driving beam {European specification).

The following four vehicles were made available to AAA researchers for testing.

’
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The test vehicle sourced from Audi Research and Development is a pre-development model with a
headlamp system fully compliant for the U.S. market. Additional information about the test vehicle
includes:

e Equipped with LED and auto-dimming headlamps
s Lighting package includes the HD Matrix design LED headlights and OLED taillights
o Option price for this headlamp package is 53,400

o Vehicles with this option package are sold in the U5, and are fully compliant with U5,
regulations. Audi can update 1o full matrix beam {ADB) functionality with a software update
should the regulations change

o This lighting system is an upgrade. The entry-level system uses a different non-matrix LED
system that has fewer modules installed and includes high beam assist.

The test vehicle sourced from Audi Research and Development is a pre-development model with a
headlamp system fully compliant for the European market. Additional information about the test
vehicle includes:

e Test vehicle is equipped with HD Matrix LED headlamps.

& Detailed information and feature descripti@n for the instalied lighting package is accessible on the
following VW/Aud! website: nitos it anssr

e The marketing name for the lighting package is LED mit Laserlicht and can be purchased independently
of a package, which is common in Europe.

& An LED Matrix system is standard equipment on the European specification A8,

The test vehicle sourced from Mercedes Benz Ressarch and Development and is a 2018 E300
AMATIC with headlamp system fully compliant for the U.S. market. Additional information about
the test vehicle includes:

QTR N
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e Vehicle is manufactured in Germany, imported and available for sale in the US.

s Eguipped with LED headiamps and ADRB Assist, which is part of the LED Inteliigent Light System
headlamps apglication.

e Information and feature description for the installed lighting package is pmvsded in the veh:n:ie pwners
manual {pages 114-118}, accessible on the following Mercedes-Benz website: I
The website URL and page referance are provided by the vahicle manufacturer.

& The LED intelligent Light System headlamps are only available within the "Premium 2 Package” at an
option price of $6,600.

¢ The marketing name, LED Intelligent Light System, is namad MULTIBEAM LED in other markets where it
also includes the full package of low and high beam functions,

& These specific headlights are only sold in the United States and Canada. Other markets have the same
headlights and same hardware, but as MULTIBEAM LED, have more capabilities and better performarnce
due to the use of different software.

¢ inthe U.5,, the tested lighting system is offered a5 an upgrade for E-Class models but comes as standard
equipment for 5-Class models {known as Intelligent Light System with Ultra Wide 8eam headlamps).

The test vehicle sourced from Mercedes Benz Research and Development is a pre-development
model with 3 headlamp system fully compliant for the European market. Additional information
about the vehicle includes:

¢ The installed headlamps are available in European E-Class models since 2016,
e Equipped with LED Headlamps.

o The marketing name of the ADB system is MULTIBEAM is consistent in all marksats except U.S.
and Canada (aithough Canada now allows MULTIBEAM). Full description of the MULTEBEAM LED
is available at: httus ' ! !

-
Ryl and hlosy

o The option price in Germany for the installed headlamp package is 2.320,50 Furo {$2,642 USD?).

o]

The latest headlight technology includes an additional ULTRA RANGE high beam module.
However the test vehicle in this study did not have this included. MULTIBEAM LED with ULTRA

% Online currency conversion December 6, 2018

QTR N
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RANGE high beams were first introduced in the Mercedes S-Class facelift for the 2018 model
year. This headlight system is currently offered for C-Class models, CL5-Class models and will be
available for other carlines in the future Additional information is available is provided by the

\

vehicle manufacturer: Hitns I Hin e ISROn and httpud b &
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Guantitatively and qualitatively, evaluate the light output of U.S. and European specification low and
high beam headlamps to discern any differences between the two.
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The purpose of this evaluation Is to quantify the effectiveness of low and high beam headlamp systems
in iluminating the roadway ahead of the vehicle. AAA researchers independently conducted all testing
on a closed-course,

Dynamic functionality, when the vehicle is driving® as opposed to stopped, of U.5. vehicles allows
driving with high beam headlights on all the time and automatically switching to low beam when an
oncoming or preceding vehicle is noted by the vehicle sensors. This functionality is active during the
drive-by glare testing.

Dynamic functionality of the European specification vehicles, equipped with adaptive driving beam
{ADB} headlamp systems, is activated during the drive-by glare testing.

Both vehicle manufacturers offer additional long-range headlamp functionality {for open road driving
at sustained speeds) which was not svaluated in this test®.

Ao 5 3.
S Phnant \ T Seendy oad 1
RNENE LAIEnTTEIVe \ & \\\‘\ P

The closed-course area used for this test consisted of an unlighted level asphalt surface approximately
1,300 feet long and 30 feet wide. Testing was initiated at least ninety minutes after sunset 1o ensure
that ambient lighting was typical of an unlighted roadway during nighttime hours. Non-refiective black
targets with a sguare cross-section {127 sides) were deploved throughout the testing lane. Targets
were arranged o provide evaluation points directly ahead of the test vehicle as well as toward the left
and right-hand sides of the roadway. Figure 11 describes the target placement for testing. All distances

¥ Automatic dimming headiamp systems and ADB work above 2 minimum speed, which is set by the vehicle manufacturer.
4 Refer to “Test Vehiclas”, section 3.8 for additional details and resources to learn more about optional lighting systems
avaiiable in both the U.5. and European markets.
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are in reference to the front center point of the test vehicle. A positive [ateral distance is to the driver's
side, or left of the vehicle, and a negative lateral distance is to the right.

For consistency, each test vehicle was placed in an identical orientation facing the targets. For
European specification vehicles, the ADB system was switched off, and low beam or high beam mode
was selected manually.

During testing, the vehicle’s engine was allowed to idle to ensure a stable voltage supply to the
headlamps. The instrument panel lighting was adjusted to mid-way between minimum and maximum
settings. The low beam downrange light intensity was measured on the vehicle-facing surface of sach
target with a calibrated light sensor facing directly toward the test vehicle. After the light intensity at
each target was measured, the high beams were switched on and the light intensity measurements
were repeated at each target.

&y S Na ran DAl A s de v Bl e
Sl LALINTATINS DYRIIRTGh

The test setup described in Section 4.2.1 was used for gualitative evaluations. Five (5] AAA researchers
participated in “driver” perception testing. A brief description of each researcher is provided below.

# | Sex {Age [Vision

1] M (505 (Glasses

21 M 505 iGlasses

31 M 208 [NoCorrection

4 M 305 No Correction

5i M 40s  [Reading Glasses

e naran W NG TN A s AR R A S aran ] R an
Flgarg 3h Besearcher desoription

To ensure researchers were acclimated to the dark, 3 minimum of ninety minutes was spent in
nighttime ambient conditions without the presence of light sources prior to test participation. For the
evaluation, sach researcher reported on his perception of each non-reflective target. Specifically,
researchers would rate target perception in terms of one {1} out of three (3} possible outcomes.

1. Objectis clear enough that you would take immediate measures as a driver to avoid it

2. Object is noted, but its outline Is unclear or vagus enpugh that you would not take Iimmediate action to
avoid i,

3. Objectis not discernable with a maximum of two seconds effort.

QTR
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The scores from each researcher are summed for all test vehicles to provide a comparison of lighting
efficiency while the vehicle is stopped {neither ADB or automatic dimming Is active).

aot i sl

Haoement of bty for tovget Bominaion svelastion
Each researcher performed the evaluation with low beam headlamps and then repeated the procedure

with high beam headlamps. Each test vehicle was evaluated by researchers in the same sequence to
minimize variation between vehicles.

The purpose of the evaluation is to determine whether researchers’ abilities to discern non-reflective
ohjects is affected by headlamp specification. Due to differences in eyesight, it is expected that this
ability will vary somewhat between individuals.

o
o Sieye
\\ ¥l 1Y

B
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Driver perception of target Hlumination during static testing was similar among all vehicles tested.

The U.S. specification vehicles produced 1.9% more low beam illumination on targets. This finding is in
line with NHTSA support of U.S. low beam patterns over European specification {Federal Register,
2018).

The average target Hlumination values for high beam was 12.5% higher for European specification
vehicles compared to U.S. specification. This is unsurprising considering the higher output allowed for
high beam operation in European specification vehicles {430,000 cd vs. 150,000 cd for U.S.
specification).

26
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All test vehicles {U.S. and European specification} were equipped with premium LED headlamps and

performed in the expected range of that headlamp system.
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Iindividual vehicle results are anonymized in this report. Assignment of number 1 or 2 to Audi and
Mercedes was accomplished by ¢coin toss. The goal of this research is not to compare specific
manufacturers, but to assess the differences between U.S. and European specification headlamps.
Anonymized results are credited as follows:

& “U.5. specification, manufacturer 1”

e “European specification, manufacturer 17
({4 Ll 2 n

® .5, specification, manufacturer 2

e “European specification, manufacturer 27

Thirteen black targets, area approximately one-foot square and low reflectivity, were viewead by the
panelists in an array as shown in the images in this section.

The sum total scores across all five panelists were tallied for each vehicle. in addition, the Hlumination
from the test vehicle headiamps that fell on the targets was recorded and summed across all targets.

The European specification, manufacturer 1 low beam scored slightly lower than the U5, specification
manufacturer 1 low beam, with a score of 49 to 52 respectively. In high beam operation, the European
specification, manufacturer 1 high beam performed better {with a score of 60) compared to the U.S.
specification, manufacturer 1 high beam {with a score of 50). The total illumination on the targets for
U.S. specification, manufacturer 1 low beam was a total of 103.92 lux on the targets versus 96.7 lux for
the European, specification manufacturer 1 ADB. Both manufacturer 1 high beam totals were similar,
with 141.48 lux for the U.S. specification headlamp versus 151.21 lux for the European specification
manufacturer.
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1.5 SpecManufacturer 1 - Low Beam

Target
Humination
{Lue)
15.61
4.16
16.78
14.98
12.25

9.53
8.84
7.50
5.08
3.27
2.52
2.22
1.16

.89

133.50
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L5, Spec Manufacturer 1- High Beam Target
£ Humination
{Lue)
12.39
2.88
43.15
2605
17.00
9.90
g.41
7.44
5.40
4.12
2.88
2.42
1.44
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Eura Spec Manufacturer 1 - Llow Beam Target
Humination
{Lue)
27.20
2.13
2413
14.20
2.80
5.04
4.31
3.63
2.59
1.87
1.23
112
0.47
TR 7.44
SUM 4% SUM 95.70

Target

g
8
0
0
0
g
8]

g
g
8
€
0

32

Page 249 of 1219 SPERO EX. 2023



\\\

4

~ COMPARISON OF EUROPEAN AND U 5. 5PE
L

Page 250 of 1219

Euro Spec Manufacturer 1 - High Beam Target
Sy Humination

Target {Luy}
27.23
3 2.09
48.73
26.33
15.18
& 7.12
g £.45
8 6] o 570
K 6] 4] g g a 4.22
G 4 g o 0 g 3.36
4] g 0 0 4] 2.10
0] 0 0 ¢ g 1.78
8] 4] 0 g a 0.50

FETRY 0.592 avarag 11.63

SUM &0 SUM 181.21
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The target recognition for the U.5 specification, manufacturer 2 low beam was lower with a score of
40, compared to the European speacification, manufacturer 2, which scored 46.
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1.5 SpecManufacturer 2 - Low Beam Target
S Humination
{Lue)
14.88
4.57
13.88
8.63
593
3.04
2.70
&.54
1.98
154
1.00
0.24
(.44
age 4.78
SUM 62.17

Target

foio B do B e S oo B oo T o B o
Lon B o B oo S v B o B o B o
ta B o B o Sl o B B v B

€
8
0
g
g
€
0

3

2

¥
g
g
¢
4,
g
&
.6
40
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{.5. 5pec Manufacmmr 2-High Beom Target
Humination
{Lue)

1 i8.02
d 9.38

3 33.40
21.84
3 14.88
6.94
& 5.43

4.49
3.56
2.45
2.05
1.23
.98 AVETRRY 10.35
&4 SUM 133.31
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8
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The European specification, manufacturer 2 high beam scored marginally better when compared to the
U5, specification, manufacturer 2 high beam with a score of 66 varsus 64.
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