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LIST OF ACRONYMS

ADB

DAS
IRI

LED

RH

TRC

VCDAS

VDA

VOR

Adaptive Driving Beam is a type of advanced headlighting system in which the
headlamps automatically adjust the headlamp beam pattern to improve long-
range visibility for the driver without causing discomfort, distraction, or glare to
other road users.

Data Acquisition System is a generic term for data collection systems.

International Roughness Index is a measurement of the variation in the test
surface, typically measured in meters per kilometer.

A Light-Emitting Diode, as used in this document, is a source of vehicle
lighting for certain types of headlamps and other lamps on the vehicle.

This refers to the sensors used to measure illuminance data, Receptor Heads,
that were connected to an illuminance meter.

Transportation Research Center is the proving grounds where testing occurred.

This refers to Video CAN Data Acquisition System, an in-house data system
developed for collecting video data in synchronization with any form of CAN
data, that was used for collecting data for this research.

This refers to the name of the facility in which testing occurred, the Vehicle
Dynamics Area on the proving grounds of the Transportation Research Center.

Visually Optically Aligned Right is a term used for a method of adjusting
vehicle headlamps.
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EXECUTIVE SUMMARY

This report describes work supporting a rulemaking effort associated with a type of advanced
headlighting system called “adaptive driving beam,” or ADB. ADB headlighting systems use
advanced technology that actively modifies the headlamp beam pattern to improve long-range
visibility for the driver without causing discomfort, distraction, or glare to other road users. ADB
does this by casting more illumination in areas of the roadway not occupied by other vehicles, while
limiting illumination to lower beam levels in the direction of other vehicles. The automatic adaptation
of the beam pattern may not only serve as a convenience feature for drivers, but could result in
increased, safety-beneficial upper beam use.

The National Highway Traffic Safety Administration (NHTSA) published a 2018 Notice of
Proposed Rulemaking (NPRM) (FR 83, No. 198) that outlined a proposal to revise Federal Motor
Vehicle Safety Standard (FMVSS) No. 108 (49 CFR Sec. 571.108) to allow optional Adaptive
Driving Beam (ADB) headlighting systems on light vehicles in the United States. The NPRM
proposed compliance criteria and a compliance test procedure using stimulus vehicles to evaluate
the performance of an ADB system in preventing glare to other vehicles. The test procedure
involves full-vehicle, dynamic test scenarios performed on a test track in dry environmental
conditions and dark ambient lighting conditions. Test scenarios include both straight and curved
paths of different radii of curvature, both oncoming and same direction orientations, and different
vehicle speeds. All test scenarios involve a test vehicle being driven toward a test fixture with light
sensors mounted at specific locations.

The work described in this report involved 1) modifying the test procedure proposed in the NPRM
to use stimulus test fixtures instead of stimulus vehicles, 2) revising the set of test scenarios to
reduce the number of scenarios and revise the radii of curvature for curved-road test scenarios, and
3) carrying out testing to permit evaluation of the test procedure. The modified NHTSA test
scenarios and related conditions are shown in the following table.

Modified NHTSA ADB Test Matrix

Sc-errfztrio Test Vehicle Orientat_ion (Direc.tion of (:RL?E\/I;'?U?']; f:urv_e Superelevation Me[z;lissli;r:eent
No. Speed (mph) | Test Vehicle and Stimulus) (m) Direction (Percent) Range (m)
1 60-70 Oncoming Straight N/A 0-2 15-220
2 60-70 Same Direction Straight N/A 0-2 15-100
3 25-30 Oncoming 85-115 Left 0-2 15-59.9
4 40-45 Oncoming 210-250 Left 0-2 15-150
5 40-45 Same Direction 210-250 Left 0-2 15-100
6 40-45 Oncoming 210-250 Right 0-2 15-50
7 50-55 Oncoming 335-400 Left 0-2 15-220
8 50-55 Oncoming 335-400 Right 0-2 15-70

The NPRM proposed a set of maximum allowed illuminance values (glare limits) that an ADB
system may produce in the above test scenarios. The glare limits, shown in the table below, are
numeric illuminance values that would be the maximum illuminance the ADB system would be
permitted to cast on the oncoming or same-direction vehicle in the specified test scenarios.

1




Separate glare limit illuminance values are indicated for each measurement distance sub-range and
for both oncoming and same-direction test scenarios.

Proposed Maximum Illuminance Criteria

Measurement Distance Maximum Illuminance Maximum Iluminance
Sub-Range (m) Oncoming Direction (lux) Same Direction (lux)
15.0t0 29.9 3.1 18.9
30.0t0 59.9 1.8 18.9
60.0t0 119.9 0.6 4.0
120.0 to 220 0.3 N/A

Testing per the modified NHTSA compliance test procedure was conducted to provide data to
support resolution of comments on NHTSA’s proposal.

Testing was also conducted based on the SAE’s Surface Vehicle Recommended Practice J3069,
Adaptive Driving Beam test procedure (2016) for comparison. The SAE J3069 “test drive”
conditions are shown below and consist of only straight-path scenarios in which the test vehicle
drives toward a test fixture equipped with lamps to simulate another vehicle in a nearby lane and
elicit a response from the ADB system. The test procedure uses three fixture positions to represent
a vehicle in the lane: two lanes over to the left (position 1), the left adjacent lane (position 2), and
second lane to the right (position 3). There is no right adjacent lane fixture position. The procedure
involves four stimulus lamp sets: car/truck front lamps, car/truck rear lamps, motorcycle front
lamp, and motorcycle rear lamp. Each lamp condition has a specific mounting location on the test
fixture. Stimulus lamps are presented as steady burning in most trials and illuminated “suddenly”
in six trials involving motorcycle fixtures.

SAE J3069 ADB Test Matrix [3]

Test Direction Fixture | Vehicle / Fixture Type (Indicates Lamp
No. (of Test Vehicle and Stimulus) | Position Stimulus Lamps Used) Presentation
1 Opposing 1 Car/Truck Steady
2 Opposing 2 Car/Truck Steady
3 Opposing 3 Car/Truck Steady
4 Opposing 1 Motorcycle Steady
5 Opposing 1 Motorcycle Sudden
6 Opposing 2 Motorcycle Steady
7 Opposing 2 Motorcycle Sudden
8 Opposing 3 Motorcycle Steady
9 Opposing 3 Motorcycle Sudden
10 Preceding 1 Car/Truck Steady
11 Preceding 2 Car/Truck Steady
12 Preceding 3 Car/Truck Steady
13 Preceding 1 Motorcycle Steady
14 Preceding 1 Motorcycle Sudden
15 Preceding 2 Motorcycle Steady
16 Preceding 2 Motorcycle Sudden
17 Preceding 3 Motorcycle Steady
18 Preceding 3 Motorcycle Sudden




The SAE J3069 glare limits are shown in the following table.

SAE J3069 Glare Limits [3]

Distance: Opposing Vehicle - Preceding Vehicle -
ADB Vehicle to Opposing Vehicle Maximum Illuminance Maximum Illuminance
Driver/Rider’s Eye (m) (lux) (lux)
155 0.3 4.0
120 0.3 4.0
60 0.7 8.9
30 1.8 18.9

The objectives of the test effort described in this report included:

1.

Design, build, and assess a test fixture that could serve as a surrogate for a stationary
stimulus vehicle in ADB testing.

Develop detailed modified ADB compliance test procedure documentation.

Evaluate the stability of illuminance meter measurements over time without a test run to
check for noise in the system that is not dependent on the tested vehicle.

Ensure validity of dynamic-scenario illuminance measurements through comparison to
statically performed measurements.

Verify that the modified NHTSA test procedure provides accurate results for multiple light
source types.

Evaluate a late-model vehicle’s lower beam performance with respect to NHTSA-proposed
ADB glare limit criteria.

Carry out the draft NHTSA test procedure with an ADB-equipped vehicle.
Carry out the SAE J3069 test procedure with an ADB-equipped vehicle.

Assess whether ADB-equipped vehicles respond similarly when tested using the modified
NHTSA test procedure with a stimulus test fixture as when using a FMVSS-compliant
vehicle.

10. Characterize NHTSA ADB test procedure repeatability and reproducibility.

11. Characterize SAE J3069 test procedure repeatability.

This report describes testing and analyses related to the first nine points above, while the
repeatability and reproducibility efforts are documented in a separate NHTSA report titled,
“Adaptive Driving Beam (ADB) Headlamps Test Repeatability Assessment” [8]. Testing sought
to assess both the viability of the test fixture and the viability/need for SAE J3069-style stimulus

lamps.

The NHTSA and SAE ADB test procedures were run with each of three test vehicles one or more
times depending on the analyses the testing of each vehicle was assigned to support. The three test
vehicles are listed below.

2019 Ford Fusion (halogen headlamps, FMVSS certified)
2018 Lexus NX300 (European mass production model), ADB-equipped (LED headlamps)

o FMVSS No. 108 compliant lower and upper beams; all other lighting aspects were
ECE-compliant
2016 Volvo XC90 (LED headlamps, FMVSS certified)
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Test procedure implementation information, testing performed, and analysis results are
summarized below according to the previously listed numbered objectives.

1. Design, build, and assess a test fixture that could serve as a surrogate stationary
stimulus in place of an actual vehicle for use in ADB testing.

A test fixture was designed and built to accommodate both the NHTSA and SAE test
procedures. The test fixture layout included a vertical array of illuminance meter light
sensors (i.e., receptor heads) positioned to correspond to an oncoming or preceding vehicle
driver’s eye location or outside mirror locations (for a preceding vehicle). The fixture also
provided a structure on which to mount stimulus lamps for accurate positioning of the
various NHTSA and SAE lamp conditions that included: Toyota Camry headlamps and
taillamps, Ford F-150 headlamps and taillamps, a Harley Davidson motorcycle headlamp
and taillamp, and SAE headlamps and taillamps (custom lamps built by a vendor to meet
the SAE J3069 specifications). Testing was conducted using the developed fixture to assess
both the viability of test fixture use and viability/need for SAE-style stimulus lamps.

2. Develop detailed ADB modified compliance test procedure documentation.

A detailed test procedure document was written that outlines dynamic test procedure
details, test fixture characteristics, example instrumentation, test vehicle preparations, test
execution, data processing, and test result determination. Testing conducted in support of
this effort allowed for further assessment of the test procedure to determine if there were
any problems or additional needed detail in the NHTSA test procedure and related
documentation. No problems or gaps were found in any of the test procedures, with the
results of each test procedure showing illuminance data to have mixed results for adherence
to the glare limits.

3. Evaluate the stability of illuminance meter outputs over time without a test run
(checking for any noise in the measurement system that is not dependent on the tested
vehicle).

Testing was performed to evaluate the stability of the measured illuminance values, without
a test vehicle present, to determine if there was any noise in the measurement system that
was not dependent on the vehicle being tested or some aspect of the test procedure. This
was performed to confirm that the measurement system would provide consistent and
stable data before beginning any vehicle testing. For each stimulus lamp condition,
illuminance data were recorded for a period of 30 seconds in typical test conditions. The
results indicated that both the analog and digital data measured value standard deviations
were low for each of the receptor heads for each of the ten stimulus lamp conditions,
suggesting very little system noise or fluctuation. In fact, each lamp condition had at least
two receptor heads that exhibited no variability (standard deviation = 0) in the digital data.
Thus, the illuminance data as measured were found to be stable and the measurement
system could be ruled out as a source of any data noise or variability in measured values.

4. Ensure validity of dynamic illuminance measurements through comparison to
stationary measurements.



Tests were performed to assess whether test scenarios could be executed with sufficiently
steady vehicle dynamics such that, in lower beam mode, headlamp illumination measured
during dynamic test scenario performance would match that measured in the same location
with the vehicle stationary. Measured illuminance and pitch angle data values were
extracted for both dynamic and static test trials at specific scenario path points
corresponding to an end of a glare limit distance range. Illuminance results indicated
dynamic and static measurements were comparable in most scenarios; however, there were
some receptor head locations in some scenarios in which the dynamic and static
measurements were not similar. Pitch angle results indicated dynamic and static
measurements were comparable in most scenarios.> Overall, analysis of vehicle pitch data
showed that pitch could be monitored and controlled as part of the test procedure
conditions.

5. Verify that the modified NHTSA test procedure provides accurate results for multiple
light source types.

Tests were performed using the three vehicle models with headlighting systems operating
in lower beam mode. Results demonstrated that the headlamp types tested, halogen and
LED, were compatible with the test procedure.

6. Evaluate a late-model vehicle’s lower beam performance with respect to NHTSA-
proposed ADB glare limit criteria.

Three test vehicles with headlighting systems operating in lower beam mode were
subjected to the NHTSA ADB modified compliance test procedure. The vehicles included
a 2019 Ford Fusion with halogen headlamps, a 2018 Lexus NX300 European mass
production model with LED headlamps and modified to have FMVSS No. 108 compliant
lower and upper beams, and a 2016 Volvo XC90 with LED headlamps. Measured
illuminance values were evaluated with respect to the glare limit criteria. The Ford Fusion
lower beam headlamps produced illuminance values that met glare limit criteria in all test
scenarios, while the modified European-market Lexus NX300 lower beam headlamps
produced measured illuminance values that exceeded glare limit criteria in several of the
test scenarios. The Volvo XC90’s lower beam headlamps were found to meet the glare
limit criteria in most of the test scenarios.

7. Test an ADB-equipped vehicle per the NHTSA modified test procedure.

An ADB-equipped, European-market 2018 Lexus NX300 with LED headlamps and
modified to have FMVSS No. 108 compliant lower and upper beams was subjected to the
draft NHTSA ADB compliance test procedure. As noted above, this vehicle’s lower beam
headlamps exceeded glare limits for several of the test scenarios. As ADB reduces
headlighting system illuminance to lower beam levels where another vehicle is detected,

! Section 6.2 of this report discusses vehicle pitch data findings.
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this vehicle’s results for testing in ADB mode also showed a mix of test scenario outcomes
varying by radius of curvature and measurement distance sub-range.

8. Test an ADB-equipped vehicle per the SAE J3069 test procedure.

The objective of this effort was to gather information on the SAE J3069 (2016) test
procedure and to aid discussion of differences between the NHTSA and SAE J3069 ADB
test procedures. Data and information were needed to be able to effectively discuss the
trade-offs between realism of test scenarios versus repeatability and efficiency of testing.
Test results for the ADB-equipped Lexus test vehicle for both lower beam and ADB modes
showed a mix of test outcomes varying by fixture location, test vehicle speed, and
measurement distance. Two aspects of the SAE test procedure, the open-ended test vehicle
speed selection and variable stimulus lamp sudden appearance distance, were identified as
possible contributors to test outcome variability.

9. Assess whether ADB-equipped vehicles respond similarly to a stimulus consisting of
a test fixture as they do to a FMVSS-compliant vehicle.

The Lexus NX300 with headlighting system operating in ADB mode was subjected to both
the NHTSA and SAE ADB test procedures once with the specified stimulus test fixture
and again with a 2018 Ford F-150 production vehicle serving as a stimulus vehicle in place
of the test fixture. Measured values and system performance outcomes for the stimulus
vehicle versus the test fixture were compared for both test procedures. The results showed
that the Lexus NX300’s ADB system generally responded similarly to the test fixture as it
did to the full stimulus vehicle. Results for the Lexus NX300 operated in lower beam mode
showed complete agreement for oncoming NHTSA test scenarios test outcomes between
the F-150 stimulus vehicle and the test fixture for all test scenarios except the 400-m right
curve and complete agreement for all same direction test scenarios. For the Lexus NX300
operated in ADB mode, test outcomes agreed for most oncoming test scenarios and
approximately half of the same direction test scenarios. For the SAE J3069 test procedure,
there was test outcome agreement between the test fixture and stimulus vehicle results for
most test scenarios for both lower beam and ADB trials. For both test procedures, any
differences in test outcomes between the test fixture and stimulus vehicle were likely due
both to differences in headlamp mounting heights and the measurement point between the
test fixture and the stimulus vehicle.

In summary, to assess the objectives above, a test fixture was designed and constructed to provide
a stimulus needed to observe the performance of an ADB headlighting system. The test fixture
was found to serve as a reasonable surrogate for an actual vehicle. Through the evaluations and
verifications performed, it was determined that a full-vehicle performance test for ADB
headlighting systems was suitable for FMVSS use and effective in determining whether an ADB
headlighting system limits glare to other motorists to specified criteria levels. In addition, the test
procedure adequately accounted for test surface conditions and other sources of test variability.



1.0 INTRODUCTION

This report describes work focused on a type of advanced headlighting system called “adaptive
driving beam,” or ADB. ADB headlighting systems use advanced technology that actively
modifies the headlamp beam pattern to improve long-range visibility for the driver by casting more
illumination in areas of the roadway not occupied by other vehicles, while limiting illumination to lower
beam levels in the direction of other vehicles to minimize discomfort, distraction, or glare to other
road users. The automatic adaptation of the beam pattern may not only serve as a convenience
feature for drivers, but could result in increased, safety-beneficial upper beam use.

The efforts documented herein support a National Highway Traffic Safety Administration
(NHTSA) rulemaking effort initiated by a 2018 Notice of Proposed Rulemaking (NPRM) [1] that
outlined a proposal to revise Federal Motor Vehicle Safety Standard (FMVSS) No. 108 [2] to
allow optional Adaptive Driving Beam (ADB) headlighting systems on light vehicles in the United
States. The NPRM [1] proposed compliance criteria and a compliance test procedure using
stimulus vehicles to evaluate the performance of an ADB system in preventing glare to other
vehicles. The compliance test procedure involves full-vehicle, dynamic test scenarios performed
on atest track in dry environmental conditions and dark ambient lighting conditions. Test scenarios
include both straight and curved paths of different radii of curvature, both oncoming and same
direction orientations, and different vehicle speeds. While the proposed test procedure involved
the use of stimulus vehicles that would elicit an ADB response from test vehicles, most of the
testing described herein involved use of a test fixture in place of a stimulus vehicle. The test fixture
was equipped with vehicle lamps and light sensors mounted at specific locations.

The work described in this report involved 1) modifying the test procedure proposed in the NPRM
to use stimulus test fixtures instead of stimulus vehicles, 2) revising the set of test scenarios to
reduce the number of scenarios and revise the radii of curvature for curved-road test scenarios, and
3) carrying out testing to permit evaluation of the modified test procedure.

Testing per that test procedure was conducted to provide data to support resolution of comments
on NHTSA'’s proposal. Testing based on SAE’s Surface Vehicle Recommended Practice J3069
“Adaptive Driving Beam” test procedure [3] was also conducted.

1.1 Objective and Scope

Testing was conducted to obtain data that would facilitate addressing several objectives. Those
objectives included:

1. Design, build, and assess a test fixture that could serve as a stationary surrogate for an
actual vehicle providing a stimulus for the ADB system to respond to in compliance test
scenarios.

2. Develop detailed ADB modified compliance test procedure documentation.

3. Evaluate the stability of illuminance meter measurements over time without a test run to
check for noise in the measurement system that is not dependent on the tested vehicle.

4. Verify that the modified NHTSA test procedure provides accurate results for multiple light
source types.



5. Ensure validity of dynamic-scenario illuminance measurements through comparison to
statically performed measurements.

6. Evaluate a late-model vehicle’s lower beam performance with respect to NHTSA-proposed
ADB glare limit criteria.

7. Carry out the modified NHTSA test procedure with an ADB-equipped vehicle.
8. Carry out the SAE J3069 test procedure with an ADB-equipped vehicle.

9. Assess whether ADB-equipped vehicles respond similarly when tested using the modified
NHTSA test procedure with a stimulus test fixture as when using a FMVSS-compliant
vehicle.

10. Characterize NHTSA ADB test procedure repeatability and reproducibility.
11. Characterize SAE J3069 test procedure repeatability.

This report describes testing and analyses related to the first nine points above, while the
repeatability and reproducibility efforts are documented in a separate NHTSA report titled,
“Adaptive Driving Beam (ADB) Headlamps Test Repeatability Assessment.”



2.0  NHTSA NPRM-PROPOSED AND SAE J3069 ADB TEST PROCEDURES
This section describes the SAE J3069 and NHTSA-proposed ADB test procedures.

2.1 SAE J3069 Test Procedure

In June 2016, SAE International (SAE) published SAE J3069 JUN2016 [3], Surface Vehicle
Recommended Practice; Adaptive Driving Beam (SAE J3069).2 The recommended practice,
which is based, in part, on NHTSA’s research [4], includes (among other requirements) a track
test to evaluate ADB system performance in avoiding excessive glare to other vehicles. It specifies
a straight test path with a single lane, on either side of which it specifies the placement of test
fixtures simulating an opposing or preceding vehicle, as shown in Figure 1. The test fixtures are
fitted with lamps having a specified luminous intensity, color, and size intended to simulate the
taillamps and headlamps on a typical car, truck, or motorcycle. Four different test fixtures are
specified: an opposing (i.e., oncoming) car/truck; an opposing motorcycle; a preceding car/truck;
and a preceding motorcycle. In addition to simulated vehicle lighting, the test fixtures are fitted
with light measurement sensors (also known as photometers or receptor heads) to measure the
illumination from the ADB headlamps. Although the test does not specify any scenarios with a
curved test path, the placement of the fixtures relative to the straight test path, along with a sudden
appearance test, are intended to simulate curves.

Test Length 155 m \

\

\

A\

> > Fixture Position 1 %
ADB Test | - S S < Q - Fixture Position 2 ‘ :

Vehicle ~ET ADB Test Lane
Test Lane width 3.66 m > ] Fixture Position 3 @
1
Figure 1. SAE Test Fixture Positions

In addition to the dynamic track test, SAE J3069 contains other system requirements, such as a
physical test (e.g., a corrosion test) and telltale requirements. It also requires the system to comply
with a limited set of component-level laboratory-based photometry requirements.

2.1.1 SAE J3069 Test Drives

The SAE J3069 ADB test procedure specifies six “test drives” that are run three times with
different stimulus headlamp types and either steady or “sudden reveal” presentation style, resulting
in a total of eighteen different test drive scenarios. The scenarios vary the test fixture, the placement
of the fixture, and whether the lamps on the test fixture are illuminated for the entire test drive or

2 SAE has recently published a revised version of this recommended practice (SAE J3069
MAR2021). Testing described in this report was conducted based on the 2016 version of SAE
J3069.



are instead suddenly illuminated when the ADB vehicle reaches a specified distance from the test

fixture.

The six test drives are specified in SAE J3069 [3] as indicated below.

“5.5.6.3 For each of the six test drive events described below, the fixture representing an
opposing or preceding vehicle shall be placed in one of the three positions as shown
in Figure 5 (eighteen total test drives). Prior to each test drive, the illuminance
meters shall be zero-calibrated. The fixture shall function as specified for each of
the conditions below:

5.5.6.3.1 An opposing vehicle, according to Figure 1, with the fixture lamps exposed for
the entire test drive.

5.5.6.3.2 An opposing vehicle, according to Figure 2, with the fixture lamps exposed for
the entire test drive.

5.5.6.3.3 An opposing vehicle, according to Figure 2, where the fixture lamp is suddenly
exposed when the ADB equipped vehicle is between 155 m and 100 m from the
fixture simulating the sudden appearance of an opposing vehicle.

5.5.6.3.4 A preceding vehicle, according to Figure 3, with the fixture lamps exposed for
the entire test drive.

5.5.6.3.5 A preceding vehicle, according to Figure 4, with the fixture lamps exposed for
the entire test drive.

5.5.6.3.6 A preceding vehicle, according to Figure 4, where the fixture lamp is suddenly
exposed when the ADB equipped vehicle is between 155 m and 100 m from the
fixture simulating the sudden appearance of a preceding vehicle.

5.5.6.4 During each test drive, record the lux levels at the illuminance meter(s) along with
the distance between the ADB equipped vehicle’s headlamp optical center and the
illuminance meter(s) when lux levels are measured. The distance measured shall be
accurate to within 2 m. The illuminance meter shall be accurate to within 6 percent.
Interpolation may be used to determine the illuminance corresponding to those
distances provided that the illuminance values are measured at a rate of at least 10
Hz during the entire test drive.”

The content of the noted figures are as follows:

Figure 1 - Opposing vehicle fixture (car/truck)
Figure 2 - Opposing vehicle fixture (motorcycle)
Figure 3 - Preceding vehicle fixture (car/truck)
Figure 4 - Preceding vehicle fixture (motorcycle)

Figures 1 - 4 in SAE J3069 indicate the mounting position of stimulus headlamps and light
measurement sensors on the test fixture.

The three test fixture positions are shown in the figure above (which depicts the test fixture
positions described in SAE J3069 [3] Figure 5). For the adjacent lane SAE J3069 test drives
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(Fixture Position 2), the test vehicle passes to the right of the test fixture, having a lane width
separation of 12 feet (3.66 meters), which is measured from the center of the test fixture to the
center of the test vehicle’s path of travel when it is at its nearest adjacent lane location. For the two
non-adjacent lane scenarios, the test vehicle passes to the right (Fixture Position 1) and to the left
(Fixture Position 3) of the test fixture, having a lane width separation of 24 feet (7.32 meters)
center to center.

The test surface requirements describe a uniform, straight, and flat area having at least one lane
and a “linear extent of at least 155 m that is flat and level over this extent with adjoining areas
sufficient to allow the acceleration of a test vehicle to the test speed and its deceleration after
completing a test drive.”

2.1.2 SAE J3069 Maximum Allowed IHluminance

During each of the 18 test drive scenarios, the illuminance? recorded at 30 m, 60 m, 120 m, and
155 m must not exceed the maximum allowed illuminance specified for each distance, listed in
Table 1 below. These illuminance maxima are based on and similar (but not identical) to the
maximum illuminance limits developed in NHTSA’s published research and proposed in the
NPRM. If there is no recorded illuminance value at any of these distances, SAE J3069 states that
interpolation is to be used to estimate the illuminance at that distance. For sudden appearance
tests, the system is given a maximum of 2.5 seconds to react and adjust the beam to reduce
illumination to a level within the applicable maximum. If any recorded (or interpolated)
illuminance value exceeds the applicable maximum illuminance, SAE J3069 provides for an
allowance: the same test drive scenario is run with the lower beam activated. The ADB system
can still be deemed to have passed the test if any of the ADB exceedances do not exceed 125
percent (or 1.25 times) of the measured (or interpolated) illuminance value(s) for the lower
beam.

Table 1. SAE J3069 Glare Limits [3]
Distance: Maximum Illuminance Maximum Illuminance

ADB Vehicle to Opposing . . . . . . .
Vehicle Driver/Riders Eve Opposing Vehicle Preceding Vehicle Rearview Mirror, Driver-

(m) M Driver/Rider’s Eye (lux) | Side Mirror, and Passenger-Side Mirror (lux)

155 0.3 4.0

120 0.3 4.0

60 0.7 8.9

30 1.8 18.9

2.1.3 SAE J3069 Lamp Specifications

SAE J3069 provides lamp specifications for opposing vehicle and preceding vehicle stimuli
separately. The opposing vehicle lamps “shall project 300 cd £ 5 percent of white light per SAE

% lluminance is the amount of light falling on a surface. The unit of measurement for
illuminance is lux.
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J578 in a uniform manner over a conical angle greater than + 15 degrees and shall have an
illuminated area of 80 cm2 + 10 cm?. No other vehicle lighting devices shall be activated or any
retro-reflective material present and care should be taken to avoid other sources of light, reflected
or otherwise.” The preceding vehicle lamps each “shall emit no more than 7 cd of red light per
SAE J578 in a uniform manner over a conical angle greater than + 25 degrees with an illuminated
area of 50 cm? + 10 cm?. No other vehicle lighting devices shall be activated or any retro-reflective
material present and care should be taken to avoid other sources of light, reflected or otherwise.”

In carrying out the SAE J3069 test procedure as part of this research effort, the lamps used were
the Sapphire Technical Solutions Model No. LS-301-1. This calibrated light source kit, shown in
Figure 2, was designed specifically to meet the SAE J3069 stimulus lamp specifications, and
included two identical lamps, two identical red lenses, a remote trigger, a power source, and cables.
The taillamp conditions were implemented by inserting a red lens at the face of the lamp(s). A
remote trigger was used to turn a single lamp on for the sudden appearance test condition.

Figure 2. Sapphire Technical Solutions Model No. LS-301-1 Lamp Kit

2.1.4 SAE J3069 Lamp and llluminance Measurement Point Specifications

Specifications for the locations of stimulus lamps and measurement points, as indicated in SAE
J3069, are depicted in Figures 3 and 4. In these figures, circles represent receptor head locations,
ovals represent headlamp locations, and rectangles represent taillamp locations.
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Figure 4. Stimulus Lamp Locations and Light Measurement Points, Side View

2.2 Proposed NHTSA ADB Test Procedure

The NPRM [1] proposed amending FMVSS No. 108 to include full-vehicle, track-test
requirements specifically tailored to evaluate whether an ADB system functions safely and limits
glare for other motorists. NHTSA proposed evaluating the performance of an ADB-equipped
vehicle (test vehicle) in a variety of different types of interactions with either an oncoming or
preceding vehicle (referred to as a “stimulus” vehicle because it stimulates a response from the
ADB system). The stimulus vehicle would be equipped with sensors near the driver’s eyes (or
rearview mirrors) to measure the illuminance from the ADB headlamps. The illuminance falling
on the stimulus vehicle would be measured and recorded throughout the test run.

2.2.1 NHTSA NPRM-Proposed Test Scenarios

The NPRM described a proposed set of test scenarios designed to dynamically assess ADB system
performance. The scenario set included three basic vehicle orientation scenarios for testing
compliance: oncoming (where the test and stimulus vehicles approach each other traveling in
opposite directions); same direction/same lane (where the stimulus vehicle precedes the test
vehicle in the same lane); and same direction/passing with one vehicle (either the stimulus or test
vehicle) travelling faster than and overtaking the other vehicle. The NPRM also proposed scenarios
in which the stimulus vehicle was stationary.
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The proposed test procedure involved performing each test scenario at various test and stimulus
vehicle speeds (from 0 to 70 mph) on both a straight test path and on left and right curves of
varying radii: a “short” curve (with radii from 98 m to 116 m), a “medium” curve (223 m to 241
m), and a “large” curve (335 m to 396 m). The proposal also included a variety of related test
procedures and conditions, such as adjusting for ambient light, the condition of the road surface,
and the number of lanes. Each test scenario’s path was comprised of a specified measurement
distance range over which illuminance data was to be measured for comparison to applicable glare
limits. The measurement distance range is the distance from each illuminance sensor receptor head
to a midpoint between the test vehicle headlamps over which illuminance data are evaluated. Each
measurement distance range was composed of multiple measurement distance sub-ranges having
associated glare limit criteria as specified in the next section.

The specific conditions of the test scenarios as proposed in the NPRM are described in Tables 2
and 3.

Table 2. NHTSA ADB Test Scenarios as Proposed in the NPRM [1]
Test No. | Stimulus Vehicle Speed | Test Vehicle Speed | Radius of Curvature | Superelevation (%)
60-70 mph 60-70 mph .
. (96.6-112.7 kph) (96.6-112.7 kph) Straight 0-2
60-70 mph .
2 0 (96.6-112.7 kph) Straight 0-2
40-45 mph 60-70 mph .
3 (64.4-72.4 kph) (96.6-112.7 kph) Straight 0-2
60-70 mph 40-45 mph .
4 (96.6-112.7 kph) (64.4-72.4 kph) Straight 0-2
5 25-30 mph 25-30 mph 320-380 ft 0-2
(40.2-48.3 kph) (40.2-48.3 kph) (97.5-115.8 m)
5 0 25-30 mph 320-380 ft 0-2
(40.2-48.3 kph) (97.5-115.8 m)
7 40-45 mph 40-45 mph 730-790 ft 0-2
(64.4-72.4 kph) (64.4-72.4 kph) (222.5-240.8 m)
8 0 40-45 mph 730-790 ft 0-2
(64.4-72.4 kph) (222.5-240.8 m)
9 30-35 mph 40-45 mph 730-790 ft 0-2
(48.3- 56.3 kph) (64.4-72.4 kph) (222.5-240.8 m)
10 40-45 mph 30-35 mph 730-790 ft 0-2
(64.4-72.4 kph) (48.3- 56.3 kph) (222.5-240.8 m)
1 50-55 mph 50-55 mph 1,100-1,300 ft (335- 0-2
(80.5-88.5 kph) (80.5-88.5 kph) 396 m)
12 50-55 mph 40-45 mph 1,100-1,300 ft (335- 0-2
(80.5-88.5 kph) (64.4-72.4 kph) 396 m)
13 40-45 mph 50-55 mph 1,100-1,300 ft (335- 0-2
(64.4-72.4 kph) (80.5-88.5 kph) 396 m)
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Table 3. ADB Test Orientation [1]

Orientation Orien tatiti?l?/laneuver Test Scenario No. Measure;n;nn;eDistance
Oncoming Adjacent 1,2,5,6,7,8,11 49.2-721.8 ft (15-220 m)
Same Direction Same Lane 1,57,11 98.4-393.4 ft (30-119.9 m)
Same Direction Adjacent/Passing 2,3,6,8,913 49.2-393.4 ft (15-119.9 m)
Same Direction Adjacent/Passing 4,10, 12 98.4-393.4 ft (30-119.9 m)

2.2.2 Proposed NHTSA Glare Limit Criteria

The NPRM [1] proposed a set of maximum allowed illuminance values (glare limits) derived from
information provided in FMVSS No. 108 [2]. These are numeric illuminance values that would be
the maximum illuminance the ADB system would be permitted to cast on a stimulus vehicle (i.e.,
a vehicle that provides a stimulus for the ADB system to respond to) in the specified test scenarios.
The proposed glare limits and test procedures were based on extensive agency research and testing
[4] and are listed in Table 4. The NPRM proposed sampling illuminance values throughout the
proposed measurement ranges (also referred to in this document as measurement distances). The
proposed compliance criteria consisted of a set of glare limits that, if any recorded illuminance
value exceeded, would be considered a test failure, except that values above the applicable glare
limit lasting no longer than 0.1 second (s) or over a distance of no longer than 1 meter (m) would
not be considered test failures. This adjustment was intended to allow for electric noise in the
illuminance measurement components (i.e., any electrical signal whose source is not a result of
changes in illuminance) as well as momentary changes in vehicle pitch angle.

Table 4. NHTSA Glare Limits, Derived From FMVSS No. 108
Measurement Distance Oncoming Scenarios - Same Direction Scenarios -
Sub-Range (m) IHluminance (lux) IHluminance (lux)
15.0-29.9 3.1 18.9
30.0-59.9 1.8 18.9
60.0 - 119.9 0.6 4.0
120.0 - 239.9 0.3 N/A

2.2.3 