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Section |
INTRODUCTION

Pedestrian Automatic Emergency Braking (PAEB) systems are a subset of Automatic
Emergency Braking (AEB) systems. PAEB systems are designed to avoid or
mitigate vehicle crashes with pedestrians by automatically applying the Subject Vehicle’s
(SV’s) brakes when the system determines that, without intervention, collision with a
pedestrian will occur. PAEB systems typically work as an extension of Forward Collision
Warning (FCW) systems, which alert the driver to the possibility of a collision unless driver
action is taken. PAEB systems employ sensors capable of detecting pedestrians in the
forward path. Current PAEB technology typically involves RADAR, LIDAR, or vision-
based (camera) sensors, and measurement of vehicle operating conditions such as
speed, driver steering, and brake application, etc. Algorithms in the system’s Central
Processing Unit (CPU) use this information to continuously monitor the likelihood of
a collision with a pedestrian and command a brake actuator to apply the brakes when
necessary.

The test procedure contained herein provides methods and specifications for collecting
performance data on PAEB systems for light vehicles with gross vehicle weight ratings of
up to 4,536 kg (10,000 Ibs).

The test method used to evaluate PAEB performance on the test track was prescribed by
NHTSAina test procedure titled, “Pedestrian Automatic Emergency Brake
System Confirmation Test (Working Draft)”, dated September 2019 (Docket NHTSA-
2019-0102-0005). For the testing reported herein, an articulating Pedestrian Test
Mannequin (PTM) was used for testing, as opposed to the poseable one prescribed.
Furthermore, additional test conditions were used, involving additional SV test
speeds and nighttime tests using the SV’'s high beam headlights and low beam
headlights.

The PAEB tests include ten pedestrian pre-crash test scenarios. There are seven (S1)
crossing test scenarios in which a pedestrian is traveling across the SV’s lane of travel.
In the first three S1 test scenarios, an SV approaches an adult PTM starting on the right-
hand side of the lane of travel (i.e., nearside) and moving towards the left-hand side (i.e.,
offside) with a point of impact at (a) 25% overlap from the passenger side of the
SV, (b) 50% overlap, and (c) 75% overlap. In the S1d scenario, the SV approaches a
crossing child PTM running from behind parked vehicles from the right-hand side of the
lane towards the left-hand side with the point of impact at 50% overlap. In the S1e
scenario, the SV approaches an adult PTM running from the left side of the lane towards
the right with a 50% overlap point of impact. The S1f and S1g scenarios are false
positive tests. In the S1f scenario, the SV approaches an adult PTM, which begins
moving from the right-hand side of the lane but safely stops short of entering the SV’s
lane of travel. In the S1g scenario, the adult PTM also crosses from the right-hand side
of the lane towards the left-hand side, but safely crosses the lane of travel completely.

There are also three (S4) in-path scenarios in  which an adult pedestrian is



either standing or walking away from the vehicle within the SV’s lane of travel. In the first
two test scenarios, the SV approaches a stationary adult PTM in its lane of travel at a
25% overlap point of impact. In the S4a scenario, the PTM is facing away from the
approaching SV. In the S4b scenario, the PTM is facing towards the SV. In the third test
scenario (S4c), the SV approaches an adult PTM while the PTM is traveling within and in
the same direction as the SV’s lane of travel at a 25% overlap point of impact.

For all of these tests, the adult and child PTM'’s are strikeable mannequins with visual
and radar reflectivity characteristics representing a pedestrian. In test scenario S1d, the
child PTM has the characteristics of the 7-year-old child. All of the other test scenarios
use an adult PTM with the characteristics of a 50 percentile adult male.

The false positive scenarios (S1f and S1g) are used to evaluate the propensity of a PAEB
system to inappropriately activate in a non-critical driving scenario that does not present
a safety risk to the SV occupant(s) or pedestrian.

The purpose of the testing reported herein was to objectively quantify the performance of
a PAEB system installed on a 2020 Hyundai Palisade SEL FWD. This test is part of the
Crash Avoidance program to assess Pedestrian Automatic Braking Systems sponsored
by the National Highway Traffic Safety Administration (NHTSA)
under Contract No. DTNH22-14-D-00333.

The test reported herein is one of a series of research and development tests
accomplished for the purpose of refining test procedures, protocols, and specifications,
as well as data analysis parameters and presentation methods that are preliminarily
described in NHTSA ‘s test procedure titled, “Pedestrian Automatic Emergency Brake
System Confirmation Test (Working Draft)’, dated September 2019 (Docket
NHTSA-2019-0102-0005). Some of these procedural details changed over the course of
the test series in order to address unanticipated concerns or ambiguities, and also in
recognition of the different characteristics of AEB implementation by the various
manufacturers. In particular, the threshold for determining the onset of PAEB braking
was originally set at -0.15 g, and subsequently changed to -0.03 g later in the series. As
a result, some of the results indicate the earlier threshold and some the later. The
results presented herein are for the -0.15 g threshold.
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PEDESTRIAN AUTOMATIC EMERGENCY BRAKING
DATA SHEET 1: TEST RESULTS SUMMARY
(Page 1 of 10)

2020 Hyundai Palisade SEL FWD

VIN: KM8R44HEXLUOQ06xxxx

Day Test Date: 8/25/2020
Night Test Date: 8/24/2020

System Setting: Normal

Upper Capabilities

Maximum Test Speed Without Consistent SV-to-PTM
Contact’
Daytime Night-High Beam ight-
Scenario (k)r,nlh) g (kn?lh) nght(ltr?\‘/ﬂt,l)Beam

S1a 40

S1b 40 40 40

Sic 35

S1d 35 16 16

S1e 45 40 35

S1f

S1g

S4a 35 35 16

S4b 50

S4c 35 40 16

* All test series resulted in consistent SV-to-PTM contact

' Consistent SV-to-PTM Contact is defined as the SV contacting the PTM in more than 3 trials at a given
test speed.



PEDESTRIAN AUTOMATIC EMERGENCY BRAKING
DATA SHEET 1: TEST RESULTS SUMMARY
(Page 2 of 10)

2020 Hyundai Palisade SEL FWD

S1a: SV Encounters an Adult PTM Crossing at 5 km/h from the Nearside at 25% Overlap

Daytime Night-High Beam Night-Low Beam
# of Valid Trials # of Valid Trials # of Valid Trials
Avg Speed Avg Speed Avg Speed
Speed Without | Reduction Without | Reduction Without | Reduction
(km/h) Total | Contact (km/h) Total | Contact (km/h) Total | Contact (km/h)
16 5 5 16.0
40 5 3 29.7




PEDESTRIAN AUTOMATIC EMERGENCY BRAKING
DATA SHEET 1: TEST RESULTS SUMMARY
(Page 3 of 10)

2020 Hyundai Palisade SEL FWD

S1b: SV Encounters an Adult PTM Crossing at 5 km/h from the Nearside at 50% Overlap

Daytime Night-High Beam Night-Low Beam
# of Valid Trials # of Valid Trials # of Valid Trials
Avg Speed Avg Speed Avg Speed

Speed Without | Reduction Without | Reduction Without | Reduction
(km/h) Total | Contact (km/h) Total | Contact (km/h) Total | Contact (km/h)

16 5 5 16.1 5 4 13.3 5 5 16.0

20 5 5 19.9 5 5 20.0 5 5 20.0

30 5 5 29.9 5 5 30.1 5 5 29.9

40 5 5 39.5 5 5 40.3 5 3 34.5

45 4 1 32.6 3 0 13.8 3 0 14.7

50 3 0 9.7 - - - - - -




PEDESTRIAN AUTOMATIC EMERGENCY BRAKING

DATA SHEET 1: TEST RESULTS SUMMARY

(Page 4 of 10)
2020 Hyundai Palisade SEL FWD

S1c: SV Encounters an Adult PTM Crossing at 5 km/h from the Nearside at 75% Overlap

Daytime Night-High Beam Night-Low Beam
# of Valid Trials # of Valid Trials # of Valid Trials
Avg Speed Avg Speed Avg Speed
Speed Without | Reduction Without | Reduction Without | Reduction
(km/h) Total | Contact (km/h) Total | Contact (km/h) Total | Contact (km/h)
16 5 5 15.9
35 5 5 35.1
40 5 2 25.9




PEDESTRIAN AUTOMATIC EMERGENCY BRAKING
DATA SHEET 1: TEST RESULTS SUMMARY
(Page 5 of 10)

2020 Hyundai Palisade SEL FWD

S1d: SV Encounters a Crossing Child PTM Running at 5 km/h
From Behind Parked Cars from the Nearside at 50% Overlap

Daytime Night-High Beam Night-Low Beam
# of Valid Trials # of Valid Trials # of Valid Trials
Avg Speed Avg Speed Avg Speed

Speed Without | Reduction Without | Reduction Without | Reduction
(km/h) Total | Contact (km/h) Total | Contact (km/h) Total | Contact (km/h)

16 5 4 14.4 5 3 10.1 5 5 16.1

20 5 5 20.0 3 0 3.1 3 0 4.7

30 5 5 29.9 - - - - - -

35 5 5 34.6 - - - - - -

40 4 1 23.4 3 0 0.5 3 0 1.3




PEDESTRIAN AUTOMATIC EMERGENCY BRAKING
DATA SHEET 1: TEST RESULTS SUMMARY
(Page 6 of 10)

2020 Hyundai Palisade SEL FWD

S1e: SV Encounters an Adult PTM Running at 8 km/h from the Offside at 50% Overlap

Daytime Night-High Beam Night-Low Beam
# of Valid Trials # of Valid Trials # of Valid Trials
Avg Speed Avg Speed Avg Speed

Speed Without | Reduction Without | Reduction Without | Reduction
(km/h) Total | Contact (km/h) Total | Contact (km/h) Total Contact (km/h)

35 - - - - - - 4 2 27.4

40 5 4 36.0 5 3 29.1 3 1 27.0

45 5 5 40.8 3 0 31.6 - - -

50 5 2 35.5 - - - - - -




PEDESTRIAN AUTOMATIC EMERGENCY BRAKING
DATA SHEET 1: TEST RESULTS SUMMARY
(Page 7 of 10)

2020 Hyundai Palisade SEL FWD

S1f, S1g: Peak Deceleration Summary
(Day tests only)
S1f: SV Encounters an Adult PTM Crossing at 5 km/h from the Nearside that Stops Short of the Entering
the SV Path of Travel
S1g: SV Encounters an Adult PTM Crossing at 5 km/h from the Nearside that Clears the SV Path of Travel

S1f S1g
SV: 40 km/h SV: 40 km/h
PTM: 5 km/h PTM: 5 km/h
Trial
Number Peak Deceleration (g)
1 0.74 0.00
2 0.58 0.01
3 0.63 0.01
4 0.22 0.01
7 0.26 0.01
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PEDESTRIAN AUTOMATIC EMERGENCY BRAKING

DATA SHEET 1: TEST RESULTS SUMMARY

(Page 8 of 10)

2020 Hyundai Palisade SEL FWD

S4a: SV Encounters a Stationary Adult PTM Facing Away from the SV in the SV Lane of Travel at 25% Overlap

Daytime Night-High Beam Night-Low Beam
# of Valid Trials # of Valid Trials # of Valid Trials
Avg Speed Avg Speed Avg Speed

Speed Without | Reduction Without | Reduction Without | Reduction
(km/h) Total | Contact (km/h) Total | Contact (km/h) Total | Contact (km/h)

16 5 5 16.1 5 5 16.0 5 5 15.5

35 5 4 35.3 5 3 211 3 0 6.1

40 5 2 17.9 2 0 0.4 1 0 -0.1
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PEDESTRIAN AUTOMATIC EMERGENCY BRAKING SYSTEM

DATA SHEET 1: TEST RESULTS SUMMARY

(Page 9 of 10)
2020 Hyundai Palisade SEL FWD

S4b: SV Encounters a Stationary Adult PTM Facing Toward the SV in the SV Lane of Travel at 25% Overlap

Daytime Night-High Beam Night-Low Beam
# of Valid Trials # of Valid Trials # of Valid Trials
Avg Speed Avg Speed Avg Speed
Speed Without | Reduction Without | Reduction Without | Reduction
(km/h) Total | Contact (km/h) Total | Contact (km/h) Total | Contact (km/h)
16 5 5 15.9
40 5 4 34.2
45 5 4 43.1
50 3 3 50.0
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PEDESTRIAN AUTOMATIC EMERGENCY BRAKING

DATA SHEET 1: TEST RESULTS SUMMARY

(Page 10 of 10)
2020 Hyundai Palisade SEL FWD

S4c: SV Encounters an Adult PTM Traveling at 5 km/h in the SV Lane of Travel at 25% Overlap

Daytime Night-High Beam Night-Low Beam
# of Valid Trials # of Valid Trials # of Valid Trials
Avg Speed Avg Speed Avg Speed

Speed Without | Reduction Without | Reduction Without | Reduction
(km/h) Total | Contact (km/h) Total | Contact (km/h) Total | Contact (km/h)

16 5 5 16.3 5 4 13.7 5 5 16.2

35 5 5 35.0 - - - 5 2 14.5

40 3 0 0.5 3 24.0 3 0 0.2

45 - - - 11.3 - - -
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PEDESTRIAN AUTOMATIC EMERGENCY BRAKING
DATA SHEET 2: VEHICLE DATA
(Page 1 of 1)
2020 Hyundai Palisade SEL FWD

TEST VEHICLE INFORMATION

VIN:  KM8R44HEXLUO6xxxx

Body Style: SUv Color: Becketts Black

Date Received: 8/10/2020 Odometer Reading: 4038 mi

DATA FROM VEHICLE'S CERTIFICATON LABEL

Vehicle manufactured by: Hyundai Motor Company

Date of manufacture: AUG/14/19
Vehicle Type: MPV
DATA FROM TIRE PLACARD

Tires size as stated on Tire Placard: Front: 245/50R20
Rear: 245/50R20

Recommended cold tire pressure:  Front: 240 kPa (35 psi)

Rear: 240 kPa (35 psi)

TIRES

Tire manufacturer and model: Bridgestone Dueler H/P Sport AS

Front tire size: 245/50R20 120V

Rear tire size: 245/50/R20 120V

Front tire DOT prefix: DOT EJ KH CEC

Rear tire DOT prefix: DOT EJ KH CEC
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PEDESTRIAN AUTOMATIC EMERGENCY BRAKING
DATA SHEET 3: TEST CONDITIONS
(Page 1 of 5)
2020 Hyundai Palisade SEL FWD

DAYTIME TEST GENERAL INFORMATION

Test date: 8/25/2020
AMBIENT CONDITIONS

Air temperature: 28.3 C (83 F)
Wind speed: 0.0 m/s (0.0 mph)

X  Wind speed < 10 m/s (22 mph)

X Tests were not performed during periods of inclement weather. This
includes, but is not limited to, rain, snow, hail, fog, smoke, or ash.

X Tests were conducted during daylight hours with good atmospheric visibility
~ (defined as an absence of fog and the ability to see clearly for more than
5000 meters). The tests were not conducted with the vehicle oriented into
the sun during very low sun angle conditions, where the sun is oriented 15
degrees or less from horizontal, and camera “washout” or system
inoperability results.

The tests were conducted in an area void of overhead signs, bridges, or
other significant structures over or near the testing site. Each trial was
conducted with no vehicles, obstructions, or stationary objects within one
lane width of either side of the SV path, unless otherwise specified.
Shadows cast by objects other than the SV, test equipment, or the
obstructing vehicles were not present in the SV lane of travel, or within one
lane width of either side of the SV path

OBSTRUCTION VEHICLES

Forward obstructing vehicle: 1999 Honda Accord

Rear obstructing vehicle: 2012 Toyota Highlander

15



PEDESTRIAN AUTOMATIC EMERGENCY BRAKING SYSTEM
DATA SHEET 3: TEST CONDITIONS
(Page 2 of 5)
2020 Hyundai Palisade SEL FWD

VEHICLE PREPARATION (DAY)

Verify the following:

All non-consumable fluids at 100% capacity: X

Fuel tank is full: X

Tire pressures are set to manufacturer's X
recommended cold tire pressure: —

Front: 240 kPa (35 psi)

Rear: 240 kPa (35 psi)
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PEDESTRIAN AUTOMATIC EMERGENCY BRAKING
DATA SHEET 3: TEST CONDITIONS
(Page 3 of 5)
2020 Hyundai Palisade SEL FWD

NIGHTTIME TEST GENERAL INFORMATION

Test date: 8/24/2020
AMBIENT CONDITIONS

Air temperature: 30.0 C (86 F)
Wind speed: 2.1 m/s (4.6 mph)

X  Wind speed < 10 m/s (22 mph)

X Tests were not performed during periods of inclement weather. This
includes, but is not limited to, rain, snow, hail, fog, smoke, or ash.

X The tests were conducted between 1 hour after sunset and 1 hour before
sunrise with good atmospheric visibility. There was no streetlighting.

The tests were conducted in an area void of overhead signs, bridges, or
other significant structures over or near the testing site. Each trial was
conducted with no vehicles, obstructions, or stationary objects within one
lane width of either side of the SV path, unless otherwise specified.
Shadows cast by objects other than the SV, test equipment, or the
obstructing vehicles were not present in the SV lane of travel, or within one
lane width of either side of the SV path.

OBSTRUCTION VEHICLES

Forward obstructing vehicle: 1999 Honda Accord

Rear obstructing vehicle: 2012 Toyota Highlander
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PEDESTRIAN AUTOMATIC EMERGENCY BRAKING
DATA SHEET 3: TEST CONDITIONS
(Page 4 of 5)
2020 Hyundai Palisade SEL FWD

VEHICLE PREPARATION (NIGHT)

Verify the following:

All non-consumable fluids at 100% capacity: X

Fuel tank is full: X

Tire pressures are set to manufacturer's X
recommended cold tire pressure: —

Front: 240 kPa (35 psi)

Rear: 240 kPa (35 psi)
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PEDESTRIAN AUTOMATIC EMERGENCY BRAKING
DATA SHEET 3: TEST CONDITIONS
(Page 5 of 5)
2020 Hyundai Palisade SEL FWD

WEIGHT
Weight of vehicle as tested including driver and instrumentation

Left Front: 567.0 kg (1250 Ib) Right Front: 601.9 kg (1327 Ib)

Left Rear: 455.4 kg (1004 Ib) Right Rear: 430.5 kg (949 Ib)

Total: 2054.8 kg (4530 Ib)
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PEDESTRIAN AUTOMATIC EMERGENCY BRAKING

DATA SHEET 4: PEDESTRIAN AUTOMATIC EMERGENCY BRAKING
SYSTEM OPERATION

(Page 1 of 3)
2020 Hyundai Palisade SEL FWD

Name of the PAEB option, option package, etc.:

Forward Collision Avoidance Assist (FCA) w Pedestrian/Cyclist Detection

Type and location of sensors the system uses:

The system uses a fusion type which includes radar mounted in the front
grille and mono camera mounted near the rearview mirror.

Are there any available settings for the PAEB system (i.e. Range X Yes

adjustment, etc.)? -
No

If yes, please provide a full description.

The driver can adjust the FCA via User Select Menu (USM) interface:
User Settings
Driver Assistance
Warning Timing
Normal
Later
Warning Volume
High
Medium
Low
Off
Forward Safety
Active Assist
Warning Only

Off
See Appendix A, Figures A14 — A16.

System setting used for test (if applicable): Normal
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PEDESTRIAN AUTOMATIC EMERGENCY BRAKING

DATA SHEET 4: PEDESTRIAN AUTOMATIC EMERGENCY BRAKING
SYSTEM OPERATION

(Page 2 of 3)
2020 Hyundai Palisade SEL FWD

How is the PAEB alert presented to the driver? L Warning light
(Check all that apply) X Buzzer or audible alarm
L Vibration
Other

Describe the method by which the driver is alerted. For example, if the warning is
a light, where is it located, its color, size, words or symbol, does it flash on and off,
etc. If it is a sound, describe if it is a constant beep or a repeated beep. If itis a
vibration, describe where it is felt (e.g., pedals, steering wheel), the dominant
frequency (and possibly magnitude), the type of warning (light, audible, vibration,
or combination), etc.

The driver is alerted by a visual display (Fiqure A17), a repeated beep
with a dominant frequency of 1506 Hz, and a steering wheel vibration.

Does the vehicle system require an initialization sequence/procedure? Yes

X No

If yes, please provide a full description.

The vehicle does not require an initialization sequence.

What are the minimum and maximum vehicle speeds over which the PAEB
system is active?

Minimum: 5 mph (8 km/h) (Per manufacturer supplied information)

Maximum: 47 mph (80 km/h) (Per manufacturer supplied information)

Will the system deactivate due to repeated PAEB activations, impacts Yes
or near-misses?

21



PEDESTRIAN AUTOMATIC EMERGENCY BRAKING

DATA SHEET 4: PEDESTRIAN AUTOMATIC EMERGENCY BRAKING
SYSTEM OPERATION

(Page 3 of 3)
2020 Hyundai Palisade SEL FWD

If yes, please provide a full description.

In general, the FCA does not deactivate due to repeated FCA
activations or impacts. However, if the brake actuator or radar/camera
sensors are damaged or have problems due to repeated activations
or impacts, the FCA can deactivate. In this case, the system provides
a diagnostic light to the driver.

Is there a way to deactivate the system? X Yes

No

If yes, please provide a full description including the switch location and method of
operation, any associated instrument panel indicator, etc.

The driver can deactivate the FCA via User Select Menu (USM)
interface:
User Settings
Driver Assistance
Forward Safety
Off
The FCA is reactivated on each ignition cycle.

See Appendix A, Figures A14 — A16.

Are there other driving modes or conditions that render PAEB X Yes

inoperable or reduce its effectiveness?
No

If yes, please provide a full description.

See pages 5-72 through 5-77 of the Owner's manual (shown in
Appendix B, pages B-13 through B-18). See pages 5-76 through 5-77
of the Owner’s Manual for limitations with specifically detecting
pedestrians (shown in Appendix B, pages B-17 through B-18).

Notes:
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Section Il

TEST PROCEDURES

A. Test Procedure Overview

Ten test scenarios were used, as follows:

S1a.

S1b.

S1c.

S1d.

Ste.

S1f.

S1g.

S4a.

S4b.

S4c.

The 89 different combinations of scenario, nominal SV speeds, and lighting conditions

are listed in Table 1. This includes 35 daytime, 27 low beam nighttime, and 27 high beam
nighttime combinations. Testing generally started at the lowest test speed in Table 1 and

Subject Vehicle (SV) Encounters a Crossing Adult Pedestrian
Test Mannequin (PTM) from the Nearside at 25% Overlap

SV Encounters a Crossing Adult PTM from the Nearside at
50% Overlap

SV Encounters a Crossing Adult PTM from the Nearside at
75% Overlap

SV Encounters a Crossing Child PTM Running from Behind
Parked Cars from the Nearside at 50% Overlap

SV Encounters a Crossing Adult PTM Running from the
Offside at 50% Overlap

SV Encounters a Crossing Adult PTM From the Nearside and
Stops Short of Entering the SV Path of Travel

SV Encounters a Crossing Adult PTM From the Nearside and
Clears the SV Path of Travel

SV Encounters a Stationary Adult PTM on the Nearside of the
Road Facing Away from the SV at 25% Overlap

SV Encounters a Stationary Adult PTM on the Nearside of the
Road Facing Toward the SV at 25% Overlap

SV Encounters an Adult PTM on the Nearside of the Road
Walking in the Same Direction as the SV at 25% Overlap

progressed through higher test speeds.

For all scenarios except S4c, the 16 and 40 km/h speeds were considered to be the “non-
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conditional” speeds. Testing at these speeds was conducted without regard to whether
the results showed that “consistent contact” occurred between the SV and PTM.
Consistent contact was defined as the SV contacting the PTM in three or more test trials
at a given speed. If this occurred, then testing at any higher speeds was not conducted.
Rather, the speed would be stepped down by 5 km/h and testing of that scenario and
lighting treatment would be conducted at that lower speed. This was done to more
precisely identify the highest speed at which the vehicle’s PAEB system was able to avoid
colliding with the PTM.

So, for example, for Scenario S1d, if the vehicle did not contact the PTM at 16, 20, or 30
km/h, but did contact the PTM in three trials at 40 km/h, then testing would be done at 35
km/h. However, testing would not be done at 50 or 60 km/h. Note that there were 20
possible scenario and ambient lighting condition combinations that could involve testing
at the “step down” speed, for a total of 109 possible test combinations.

Table 1. Test Scenario, Speed, and Lighting Condition Matrix

Lighting Condition
Nominal SV Speeds (km/h) Night
Low High
Scenario| 16 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | Day | Beams | Beams

S1a X - - X - - - - X - -
S1b X | X | X X | X*| X ] - - X X* X*
Sic X - - X - - - - X - -
S1d X | X | X X | X*| X ] - - X X* X*
Ste - - - X | X | X | - - X X* X*
S1f - - - X - - - - X - -
S1g - - - X - - - - X - -
S4a X - - X | X X | X | X X X* X*
S4b X - - X - - - - X - -
S4c - - - X - - - - X X* X*

* Additional test condition (i.e., not part of the test procedure titled, “Pedestrian Automatic Emergency
Brake System Confirmation Test (Working Draft)”, dated September 2019.
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All of the test trials were performed with SV automatic transmissions in “Drive” or with
manual transmissions in the highest gear capable of sustaining the desired test speed.
Manual transmission clutches remained engaged during all maneuvers.

An overview of each of the test procedures follows.
B. SV Approach to a Crossing Pedestrian (S1)
1. S1 TEST SCENARIOS

The following S1 test scenarios were used to evaluate PAEB system performance.

a. S1a-b-c Scenarios — SV Encounters a Crossing Adult PTM from the Nearside at
25/50/75% Overlap

These tests evaluate the ability of the SV PAEB system to detect and respond to a
crossing adult pedestrian walking into the SV path from the nearside.

Figure 1 below illustrates the S1a, S1b, and S1c test scenarios. See Table 3 for details
on the test setup.

Figure 1. Scenarios S1a, b, c; Nearside Crossing Adult Pedestrian Walking 25/50/75%
Overlap

e S1a test conditions:
o SV Speeds (km/h): 16, 40
o PTM Speed (km/h): 5
o PTM Type: Adult
o Overlap: 25%
o Direction of PTM Approach: Nearside
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e S1b test conditions:
o SV Speeds (km/h): 16, 20, 30, 40, 50, 60
o PTM Speed (km/h): 5
o PTM Type: Adult
o Overlap: 50%
o Direction of PTM Approach: Nearside

e S1c test conditions:
o SV Speeds (km/h): 16, 40
o PTM Speed (km/h): 5
o PTM Type: Adult
o Overlap: 75%
o Direction of PTM Approach: Nearside

b. S1d Scenario — SV Encounters a Crossing Child PTM Running from Behind Parked
Cars from the Nearside at 50% Overlap

This test evaluates the ability of the SV PAEB system to detect and respond to a crossing
child pedestrian running into the SV path from behind parked vehicles from the nearside.

Figure 2 below illustrates the S1d test scenario. See Table 3 for details on the test setup.

..ﬂ

Figure 2. Scenario S1d; Nearside Obstructed Crossing Child Running, 50% Overlap
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e S1d test conditions:

SV Speeds (km/h): 16, 20, 30, 40, 50, 60
PTM Speed (km/h): 5

PTM Type: Child

Overlap: 50%

Direction of PTM Approach: Nearside

c. S1e Scenario — SV Encounters a Crossing Adult PTM from the Offside at 50%

Overlap

This test evaluates the ability of the SV PAEB system to detect and respond to a crossing
adult pedestrian running into the SV path from the offside.

Figure 3 below illustrates the S1e test condition. See Table 4 for details on the test setup.

.

-
H

N I e R I I ey —
H
H

Figure 3. Scenario S1e; Offside Crossing Adult Running 50% Overlap

e S1e test conditions:

O

SV Speeds (km/h): 40, 50, 60

PTM Speed (km/h): 8

PTM Type: Adult

Overlap: 50%

Direction of PTM Approach: Offside

d. S1f Scenario — SV Encounters a Crossing Adult PTM from the Nearside that Stops
Short of Entering the SV Travel Path

This test evaluates how the SV PAEB system will respond to a crossing adult pedestrian
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walking from the nearside that stops short of entering the vehicles path.

Figure 4 below illustrates the S1f test condition. See Table 3 for details on the test setup.

4ﬂ

Figure 4. Scenario S1f; Nearside Crossing Adult Walking Stops Short

e S1ftest conditions:

O

SV Speeds (km/h): 40

PTM Speed (km/h): 5

PTM Type: Adult

Overlap: 0% (stops short of vehicle path)
Direction of PTM Approach: Nearside

e. S1g Scenario — SV Encounters a Crossing Adult PTM from the Nearside that Clears
the SV Travel Path

This test evaluates how the SV PAEB system will respond to a crossing adult pedestrian
walking from the nearside that clears the vehicle’s path.

Figure 5 below illustrates the setup for the S1g test condition. See Table 3 for details on
the test setup.
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Figure 5. Scenario S1g; Nearside Crossing Adult Walking Clears Path

S1g test conditions:
o SV Speeds (km/h): 40
o PTM Speed (km/h): 5
o PTM Type: Adult
o Overlap: 100% (crosses beyond vehicle path)
o Direction of PTM Approach: Nearside

2. PEDESTRIAN TEST MANNEQUIN PLACEMENT AND MOVEMENT

For tests S1a-b-c-d-f-g, the PTM was positioned 3.5 m (11.5 ft) from the SV centerline on
the nearside with its orientation perpendicular to the SV centerline. For test S1e, the PTM
was positioned 5.5 m (18.0 ft) from the SV centerline on the offside with its orientation
also perpendicular to the SV centerline.

Trigger timing for the S1 tests assumed that the SV will approach the crossing PTM at a
constant speed with no PAEB system intervention. Trigger timing for the

S1a test was set up so that the PTM would contact the front of the SV at 25% of
the SV width (i.e., on the passenger side of the vehicle).

S1b-d-e tests were set up so that the PTM would contact the front of the SV at
50% of the SV width (i.e., the center of the SV).

S1c test was set up so that the PTM would contact on the front of the SV at 75%
of the SV width (i.e., on the driver side of the vehicle).

S1f test was set up so that the PTM would contact the front of the SV at 50% of
the SV width, but the PTM forward motion was stopped at -25% of the SV width.
This means that the PMT did not enter the direct path of the SV.

S1g test was set up so that the PTM would clear the direct path of the SV. For
calculating trigger timing for PTM motion 125% of the SV width was used.
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a. PTM Position as a Function of SV Position

i. PTM Position Validity Criterion

In the course of testing PAEB systems, it is necessary to confirm that the required conflict
scenario was presented to each vehicle in a repeatable and verifiable fashion, trial after
trial. This is particularly important in the pedestrian crossing scenarios (S1a-g). For the
purposes of these tests, the ideal PTM lateral lane position (YpTm) is expressed as a
function of SV position longitudinally within the lane (Xsv - i.e., headway between the front
of the SV to the contact-side of the PTM.). That is:

Ypry = f (XSV)

Note that the terms “longitudinal” and “lateral” herein are defined relative to the SV lane
of travel. Therefore, PTM lateral lane position refers to the PTM position across the lane.

On this basis, the validity of a given trial is determined by computing the sample-by-
sample difference of the measured Yptm position and the ideal position, and then applying
a tolerance. The tolerance chosen as the validity criterion for the S1 scenarios was 10%
of the width of a typical 1.8-meter-wide vehicle, or 0.18 m (18 cm).

ii. Methodology

In order to compute a positional error of the PTM (laterally within the lane), it is necessary
to pre-compute the ideal positional relationship between the SV longitudinal lane position
and the lateral position of the PTM based on the parameters specified per scenario,
assuming the SV had not begun its avoidance maneuver. These parameters include:

e SV speed (vsv)

e PTM speed (vpTm)

e Percent Overlap at Impact (%OL)

e PTM start distance (Yptmo)

e PTM acceleration distance (Dacc)

e PTM Move distance (Dmove)

e SV width (Wsv)

From these parameters, the spatial relationship of the PTM relative to the SV position
along the travel lane is determined.
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Figure 6 illustrates the coordinate system used for the validation of Scenario 1 (S1a, b, c,
d, e, f, g).

! VPTM(')

| 4—
I [ ]

YPTM(_) i YPTM(+)

A

R
l(-)l 3pmml)
[ ] 4—

- X —»‘

Figure 6. Coordinate System for Validation of Scenario 1

Note that Yptm is measured relative to the center of the lane (in this case, shown
coincident with the center of the SV) with positive values to the right (as viewed from the
SV). Note also that Xsv is measured parallel to the travel lane between the near edge of
the PTM and the front-most point of the SV, such that Xsv is negative during the approach
phase.

Figure 7 illustrates the ideal lateral lane position of the PTM as a function of SV
longitudinal lane position, taking each scenario parameter into consideration.
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Figure 7. PTM Lateral Lane Position as a Function of SV Longitudinal Lane Position

The ideal trajectory of the PTM lateral lane position as a function of headway is computed
in 5 separate domains. These domains are:

Stationary domain, initial: The PTM is stationary at the side of the roadway as the
SV approaches

Acceleration domain: The PTM accelerates to its prescribed speed over a
prescribed distance

Steady State domain: The PTM speed, vpr), and SV speed, vy, are both steady-
state. Note that YPTMimp is defined as the offset distance at impact (if there is no

intervention by the PAEB system or driver braking)

Deceleration domain: The PTM decelerates from its prescribed speed to rest over
a prescribed distance (relevant only for scenario S1f)

Stationary domain, final: The PTM is stationary at its final position as the SV
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proceeds in the lane (relevant only for scenario S1f)
The boundaries of these domains are:

e Xsvat PTM motion start (Xsy prs srare)

e Xsvat PTM steady state start (Xsy ¢ ¢, ..c)
o Xsvat PTM steady state end (Xgy .. ,)
* Xsvat PTM motion stop (Xsy pry s0p)

Table 2 provides the domain boundaries for each PAEB scenario for the standard
scenario SV speeds. Note that the details of the calculations follow.
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Table 2. Domain Boundaries Per Scenario

Scenario Domain (Xsv,Yptm)
SV Steady State
Type | Speed PTM Start (m) Stg?:&/ (Snt]a;te (IeEan dy (m) PTM Stop (m)
(km/h)
16 (-11.34, 3.50) (-8.14, 3.00) (7.86, -2.00) (11.06, -2.50)
S1a
40 (-28.34, 3.50) (-20.34, 3.00) (19.66, -2.00) (27.66, -2.50)
16 (-12.80, 3.50) (-9.60, 3.00) (6.40, -2.00) (9.60, -2.50)
ST 40 (-32.00, 3.50) (-24.00, 3.00) (16.00, -2.00) (24.00, -2.50)
16 (-14.26, 3.50) (-11.06, 3.00) (4.94, -2.00) (8.14, -2.50)
>te 40 (-35.66, 3.50) (-27.66, 3.00) (12.34, -2.00) (20.34, -2.50)
16 (-12.80, 3.50) (-9.60, 3.00) (6.40, -2.00) (9.60, -2.50)
>t 40 (-32.00, 3.50) (-24.00, 3.00) (16.00, -2.00) (24.00, -2.50)
Ste 40 (-32.50, -5.50) | (-22.50, -4.50) (12.50, 2.50) (22.50, 3.50)
S1f 40 (-32.00, 3.50) (-24.00, 3.00) | Wsv Dependent | Wsv Dependent
S1g 40 (-42.97, 3.50) (-34.97, 3.00) (5.03, -2.00) (13.03, -2.50)

In order to compute the values for these domain boundaries, it is necessary to compute
several intermediate values:

Yptm at the point of impact, as defined by the Percent Overlap specified by the scenario:

where,

YPTMimp = (50% - %OL)WSV

W, = SV width (assumed here to be 1.8 meters)

In scenario S1f, in which the PTM comes to rest without entering the SV lane of travel
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such that no collision can occur, it is also necessary to compute the deceleration and stop
distances:

Yprm fin = YPTMO — Diove

where,
Ypr s = final position of PTM with respect to the lane
Yorm, = initial position of PTM with respect to the lane
D = distance moved by the PTM, defined by scenario

move

In the acceleration domain, it is assumed that the PTM undergoes constant acceleration
from rest to the specified PTM speed, such that the acceleration can be computed as:

_ Vprm®
2Dacc
where,
Vpry = velocity of PTM, defined by scenario
D, = acceleration distance of PTM, defined by scenario

The longitudinal distance covered by the SV during the acceleration phase of the PTM is
computed as:

2D,.cv
AXSVaCC acc¥SV
Vptm
where,
AXsy e = Change in SV longitudinal lane position during the

acceleration of the PTM
Vgy = SV velocity, defined by scenario

Computing the domain boundaries:
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X = |y D 14 Usv
SVsSS start — PTMg acc PTM Vpru

Usy

XsVssend = [YPTM fin T Dace = YPTM,m,,] —

XSVPTM start = AXSVacc + XSVSS Start

XSVPTM stop = XSVSS end AXSVaCC

where,
Xsv s stare = SV longitudinal lane position at the beginning of steady
state domain
XsV o6 ond = SV longitudinal lane position at the end of steady state
domain
Xsvprusiare = OV longitudinal lane position at the start of PTM motion
Xsvprmsiop = SV longitudinal lane position at the end of PTM motion

Finally, lateral lane position values are computed for each domain.

Domain 1 (Stationary):

YPTM = YPTMO for XSV =< XSVPTM start
Domain 2 (Acceleration):
1 Xsv = Xsvpru start ’ f X X < X
Yorm = Yprmg — EaPTM " O Asvprm start < AV = AsVss start
4

where,

apry PTM acceleration, defined by scenario

b

(95}

<
I

measured SV longitudinal lane position
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Domain 3 (Steady State):

Y __ VUprm
PTM =
Usy

Xoy + YPTML.mp for < Xsv < Xsvgg ona

XSVSS start

Domain 4 (Deceleration):

2

(XSV — Xsvgs end) n 1 [XSV — Xsv 55 ena

Yorm = Yprm fin + Dacc + Vprm 2 aprm

Usy Usy

for XSVSS end <Xsv = XSVPTM stop

Domain 5 (Stationary):

Yorm = Yorum fin for  Xsv > Xsvpry stop

After each trial is completed, the measured Xsv values are used to compute ideal Yptm
values, sample-by-sample. Measured YpTm values are then compared to the ideal Yptum
values in order to compute a lateral lane position error for the PTM:

YPTMerr = YPTMideal - YPTMmeas

Yetm error is then plotted in the time domain for the entire validity window and checked to
determine exceedances beyond the acceptable threshold of £18 cm (or 10% of a typical
1.8 m wide vehicle). The validity window started at 4.0 sec Time-To-Collision (TTC) and
ends at the earliest of any of the following:

e SV braking is initiated

e SV-to-PTM contact occurs

e The front of the SV crosses the Xsv zero point

3. OBSTRUCTION VEHICLES

Two parked vehicles positioned along the nearside of the test lane were used as
obstructions. The obstructions blocked the view of the pedestrian from the vehicle
sensors limiting the reveal time (the time that the vehicle’s sensors have to process that
a pedestrian is approaching the SV lane of travel). Parked Obstruction Vehicle 1 (PV1)
was a mid-sized sedan (1999 Honda Accord) positioned closest to the pedestrian path.

Parked Obstruction Vehicle 2 (PV2) was a mid-sized Sport Utility Vehicle (2012 Toyota
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Highlander) positioned behind PV1.

4. SV ZERO POSITION

e The SV and PTM were centered on the SV centerline with the PTM facing the
direction specified for each test scenario.

e The front-most location of the SV was positioned such that it just contacted the
PTM. This was the “zero position.” The zero position did not change based on
different overlap test conditions. Note that the determination of whether there was
a collision between the SV and PTM is based on whether the zero position has
been crossed. This means that for this purpose, the front of the SV is considered
to have a rectangular shape (even if it actually has some curvature). Note also that
the arms of the PTM were not considered contact points.

e The zero position was documented both prior to and immediately after conduct of
a test series.

5. LAST MOMENT BRAKING

In order to reduce the likelihood of damage to both the PTM and test vehicle, it was
determined that Last Moment Braking (LMB) would be implemented for scenarios in
which the nominal speed was 40 km/h or higher. LMB is defined as braking applied by
the driver to reduce the speed and energy of the collision with the PTM in the event that
a collision becomes impossible to avoid.

LMB was implemented as follows: the computer onboard the SV continuously computed
and monitored TTC. If TTC dropped below a preset value (i.e. 1.0 sec) and no alert or
braking had been provided by the PAEB system at that time, then the computer would
provide an audible beep, and the driver would apply the brakes forcefully and as quickly
as possible. When LMB was used, the preset TTC value was selected such that a collision
would be inevitable (i.e., even immediate maximum braking would not reduce SV speed
enough to avoid colliding with the PTM). Thus, the overall outcome of the trial (collision/no
collision) would not be affected by the use of LMB.

6. TEST TRIAL CONDUCT AND VALIDITY (S1)

An overview of each test trial is as follows: For each trial for the S1 scenarios, the SV
and PTM were first positioned at their respective start positions. The SV was accelerated
to its nominal test speed, and the driver maintained its position in the center of the lane.
When the SV was at a designated longitudinal distance from the PTM, the PTM
accelerated to its nominal test speed. If a PAEB alert was issued by the vehicle, the driver
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then fully released the throttle (within 500 ms of the alert). After the vehicle either came
to a stop or passed through the plane defined by the PTM’'s movement, which was
perpendicular to the SV’s line of travel, the trial was concluded.

a. PTM Validity
For each test trial to be valid, the following criteria were required to be met.

The PTM was secured to the apparatus used for motion such that its position
relative to the apparatus remained constant.

The PTM was at the start position distance on the PTM path from the SV path and
did not move until the triggering criteria for motion were met.

PTM start position nearside: 3.5 m+2.54 cm (11.4 ft1 in)
PTM start position offside: 5.5 m+2.54 cm (18.04 ftx1 in)

When triggered, the PTM was accelerated to the test speed over the required
distance and held at that test speed until the PTM was clear of the SV path,
stopped short of entering the SV path, or was contacted by the SV.

PTM speed:
o 5 km/h (3.1 mph) within an acceleration distance of 0.5 m (1.64 ft)
o 8 km/h (4.9 mph) within acceleration distance 1.0 m (3.28 ft)

PTM position: £0.18m from ideal lateral position within the lane, as a function of
SV longitudinal position within the lane?.

While the PTM was in motion, the PTM path remained perpendicular to the SV
centerline. Lateral deviations induced by wind, equipment, or surface conditions
were monitored.

b. SV Validity
For an individual test trial to be valid, the following criteria were required to be met:

The SV driver seatbelt was latched.
The SV driver cycled the ignition prior to each run.

The front initial brake temperature (IBT) was between 149°F (65°C) and 212°F
(100°C) at the onset of each test.

o If the IBT was less than 149°F (65°C), the brakes were heated to the IBT
by making one or more brake applications from a speed of 31.1 mph (50
km/h), at a deceleration rate not greater than 0.31g (3 m/s?).

o Ifthe IBT was greater than 212°F (100°C), the SV was driven at speeds up
to 62.1 mph (100 km/h) until the IBT specified in this section was reached.

2 The ideal lateral position of the PTM within the lane was calculated as a function of SV longitudinal lane position as
described in Section Ill B 2 a ii and shown in Figure 7.
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e The SV was driven at the nominal speed specified for each test. The speed
tolerance was +1.0 km/h.

e The following requirements were held true throughout each trial.

o The driver used the least amount of steering input necessary to maintain
the SV position in the center of the test lane. The lateral distance between
the centerline of the SV and the center of the travel lane did not deviate
more than £ 20 cm (8 in). A measurement and display of SV lateral lane
position was presented to the driver in order to regulate the lateral lane
position during the execution of a trial. These data were also recorded and
used as validation of lane position in post-process.

o The yaw rate of the SV did not exceed +1.0 deg/s.

o The SV driver modulated the throttle, using smooth inputs, to maintain a
constant SV speed +1.0 km/h.

o With the exception of LMB (described above), the SV driver did not apply
any force to the brake pedal until the end of the test unless the PTM was
contacted or the front of the SV had crossed the path of the PTM.

e The SV throttle was fully released within 500 ms after the SV PAEB warning event
was presented (visual, haptic, or audible). If no SV warning event was presented
by the SV PAEB system, the SV driver modulated the throttle to maintain a
constant speed until either the onset of PAEB or, if the SV’'s PAEB system did not
activate, the end of the test occurred (i.e., contact with the PTM occurred).

c. Validity Period
e The valid test interval began when the longitudinal TTC of the SV = 4.0 seconds.
e For scenarios S1a-b-c-d-e, the test ended when any of the following occurred:
o The SV contacted the PTM; or
o The SV stopped (via PAEB) before contacting the PTM; or
o The PTM cleared the direct path of the SV.
e For scenarios S1f-g, the test ended when either of the following occurred:

o The front of the SV crossed the path of the PTM (i.e., the front most location
of the SV front bumper crosses the zero position.

o The SV stopped (via PAEB).

d. End-of-Test Instructions

After the test was complete, the SV driver manually applied force to the brake pedal,
bringing the vehicle to a stop (if necessary), and placed the transmission in park
(automatic transmission) or neutral (manual transmission).

The test trial was then complete.
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e. Number of Test Trial Repeats

Combinations of test speeds, and lighting conditions were tested as shown in Table 1.
Five repeat trials were conducted for each test condition. As noted above, for all
scenarios, the 16 and 40 km/h speeds were considered to be the “non-conditional”
speeds. Testing at these speeds was conducted without regard to whether the results
showed that “consistent contact” occurred between the SV and PTM. Consistent
contact was defined as the SV contacting the PTM in three or more test trials at a given
speed. If this occurred, then testing at any higher speeds was not conducted. Rather,
the speed would be reduced by 5 km/h and testing of that scenario and lighting
treatment would be conducted at that lower speed. This was done to more precisely
identify the highest speed at which the vehicle’s PAEB system was able to avoid
colliding with the PTM.

f. Speed Reduction (S1a-b-c-d-e)

The magnitude of the SV speed reduction attributable to PAEB intervention (as shown in
Datasheet 1) was calculated in one of two ways, depending on whether or not a test trial
concluded with the SV colliding with the PTM.

e |If the SV contacted the PTM during a test trial, the PAEB speed reduction was
calculated by subtracting the SV speed at the time of contact (i.e., when
longitudinal range becomes zero) from the average SV speed calculated at TTC =
4.0 seconds.

e If the SV did not contact the PTM during a test trial (i.e., PAEB intervention
prevented the crash), the SV speed at the time of SV and PTM contact was taken
to be zero. The speed reduction was therefore equal to the SV speed at TTC =4.0
seconds.

g. Deceleration (S1f-g)

The peak SV deceleration within the validity period was documented for each test trial
performed for the S1f-g scenarios.

h. Pass/Fail Criteria
There were no pass/fail criteria for these research tests.

C. SV Approach to a Pedestrian Walking Along/Against Traffic (S4)
1. S4 TEST SCENARIOS

a. S4a Scenario — SV Encounters a Stationary Adult PTM on the Nearside of the
Road Facing Away from the SV at 25% Overlap

This test evaluates the ability of the SV PAEB system to detect and respond to an adult
pedestrian standing in front of the vehicle on the nearside of the road facing away from
the approaching SV.

Figure 8 below illustrates the test setup for the S4a test. See Table 5 for details on the
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test setup.

Figure 8. Scenario S4a; Nearside Standing Adult Facing Away From SV, 25% Overlap

e S4a test conditions:
o SV Speeds (km/h): 16, 40
o PTM Speed (km/h): 0
o PTM Type: Adult
o Overlap: 25%
o Direction of PTM Approach: Facing away from the SV

b. S4b Scenario — SV Encounters a Stationary Adult PTM on the Nearside of the Road
Facing Towards the SV at 25% Overlap

This test evaluates the ability of the SV PAEB system to detect and respond to an adult
pedestrian standing in front of the vehicle on the nearside of the road facing towards the
approaching SV.

Figure 9 below illustrates the test setup for the S4b test scenario. See Table 5 for details
on the test setup.
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Figure 9. Scenario S4b; Nearside Standing Adult Facing Towards SV, 25% Overlap

e S4b test conditions:

O

o

O

o

O

SV Speeds (km/h): 16, 40

PTM Speed (km/h): O

PTM Type: Adult

Overlap: 25%

Direction of PTM Approach: Facing towards the SV

c. S4c Scenario — SV Encounters an Adult PTM on the Nearside of the Road Walking
Away from the SV, but in the Same Direction as the SV, at 25% Overlap

This test evaluates the ability of the SV PAEB system to detect and respond to an adult
pedestrian walking in front of the vehicle on the nearside of the road facing away from the
approaching SV.

Figure 10 below illustrates the test setup for the S4c test scenario. See Table 5 for details
on the test setup.
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Figure 10. Scenario S4c; Nearside Walking Adult Away From SV, 25% Overlap

e S4c test conditions:
o SV Speeds (km/h): 40
o PTM Speed (km/h): 5
o PTM Type: Adult
o Overlap: 25%
o Direction of PTM Approach: Facing and moving away from SV

2. PEDESTRIAN TEST MANNEQUIN PLACEMENT AND MOVEMENT

For the S4a-b-c scenarios, the PTM was positioned in the direct path of the SV at a 25%
overlap on the nearside. The orientation of the PTM was either facing towards or away
from the SV and was either stationary or moving for the duration of the tests.

The PTM was stationary in scenarios S4a and S4b, and therefore, no trigger timing was
required.

Trigger timing for the S4c¢ scenario was set up so that the PTM was moving and had
reached steady state speed before TTC has been reduced to 7 seconds (i.e., 7 seconds
before SV-to-PTM contact would occur if there was no PAEB system intervention).

3. SV ZERO POSITION

e The SV was centered on the SV path at the start of the test lane. The PTM was
located on the PTM path which was parallel to the SV path inside the test lane
located on the nearside. The SV overlap was 25% of the SV width, which was the
distance between the SV centerline path and the PTM centerline path. The PTM
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faced the direction specified for each test scenario.

e The SV was positioned such that it just contacted the PTM. This was the “zero
position.” Note that the determination of whether there was a collision between the
SV and PTM was based on whether the zero position had been crossed. Note also
that the arms of the PTM were not considered contact points.

e The zero position was documented prior to, and immediately after, conduct of a
test series.

4. LAST MOMENT BRAKING

In order to reduce the likelihood of damage to both the PTM and test vehicle, it was
determined that Last Moment Braking (LMB) would be implemented for scenarios in
which the nominal speed was 40 km/h or higher. LMB is defined as braking applied by
the driver to reduce the speed and energy of the collision with the PTM in the event that
a collision becomes impossible to avoid.

LMB was implemented as follows: the computer onboard the SV continuously computed
and monitored TTC. If TTC dropped below a preset value (i.e., 1.0 sec) and no alert or
braking had been provided by the PAEB system at that time, then the computer would
provide an audible beep, and the driver would apply the brakes forcefully and as quickly
as possible. When LMB was used, the preset TTC value was selected such that a collision
would be inevitable (i.e., even immediate maximum braking would not reduce SV speed
enough to avoid colliding with the PTM). Thus, the overall outcome of the trial (collision/no
collision) would not be affected by the use of LMB.

5. TEST TRIAL CONDUCT AND VALIDITY

An overview of each test trial is as follows: For each trial for the S4 scenarios, the SV and
PTM were first positioned at their respective start positions. The SV was accelerated to
its nominal test speed, and the driver maintained its position in the center of the lane.
When the SV was at a designated longitudinal distance from the PTM, the PTM
accelerated to its nominal test speed (S4c only). If a PAEB alert was issued by the vehicle,
the driver then fully released the throttle (within 500 ms of the alert). After the vehicle
either came to a stop or passed through the plane defined by the PTM’s movement (S4c
only), which is parallel to the SV’s line of travel, the trial was concluded.

a. PTM Validity

For all S4 scenarios, a required condition for validity of every trial was that the PTM was
secured to the motion apparatus such that its position relative to the apparatus remained
constant throughout the test.

For the S4c scenario, the following additional criteria were required for test validity:

e The PTM was at the start position distance on the PTM path and did not move until
the triggering criteria for motion were met.

e When triggered, the PTM was accelerated to the test speed over the required
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distance and held at that test speed until a contact event or the SV speed was
reduced to zero and no contact had occurred.

o PTM speed: 5 km/h (3.1 mph) within an acceleration distance of 1.0 m
(3.28 ft)

o PTM position: £0.18 m from the ideal lateral position within the lane, as a
function of SV longitudinal position within the lane?3.

While the PTM was in motion, the PTM path remained parallel to the SV path.
Lateral deviations induced by wind, equipment, or surface conditions were
monitored.

b. SV Validity
For an individual test trial to be valid, the following criteria were required to be met:

The SV driver seatbelt was latched.
The SV driver cycled the ignition prior to each run.

The front IBT was between 149°F (65°C) and 212°F (100°C) at the onset of each
test.

o If the IBT was less than 149°F (65°C), the brakes were heated to the IBT
by making one or more brake applications from a speed of 31.1 mph (50
km/h), at a deceleration rate not greater than 0.31g (3 m/s?).

o Ifthe IBT was greater than 212°F (100°C), the SV was driven at speeds up
to 62.1 mph (100 km/h) until the IBT specified in this section is reached.

The SV was driven at the nominal speed specified for each test. The speed
tolerance was +1.0 km/h

For scenario S4c only, PTM motion began when the longitudinal TTC of the SV =
7.0 seconds.

The following requirements were held true throughout each trial:

o The driver used the least amount of steering input necessary to maintain
the SV position in the center of the test lane. The lateral distance between
the centerline of the SV and the center of the travel lane did not deviate
more than £ 20 cm (8 in). A measurement and display of SV lateral lane
position was presented to the driver in order to regulate the lateral lane
position during the execution of a trial. These data were also recorded and
used as validation of lane position in post-process.

o The yaw rate of the SV did not exceed + 1.0 deg/s.

o The SV driver modulated the throttle using smooth inputs to maintain a
constant SV speed +1.0 km/h.

o With the exception of LMB (described above), the SV driver did not apply

3 The ideal lateral position of the PTM within the lane was calculated as a function of SV longitudinal lane position as
described in Section Ill B 2 a ii and shown in Figure 7.
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any force to the brake pedal until the end of the test unless the PTM was
contacted by the SV.

e The SV throttle was fully released within 500 ms after the SV PAEB warning event
was presented (visual, haptic, or audible). If no SV warning event was presented
by the SV PAEB system, the SV driver modulated the throttle to maintain constant
speed until either the onset of PAEB or, if the SV’s PAEB system did not activate,
the end of the test occurred (i.e., contact with the PTM occurred).

c. Validity Period
e The valid test interval began when the longitudinal TTC of the SV was 4.0 seconds.
e For scenarios S4a-b, the test ended when either of the following occurred:
o The SV came into contact with the PTM; or
o The SV came to a stop before making contact with the PTM.
e For scenario S4c, the test ended when either of the following occurred:
o The SV came into contact with the PTM; or

o 1 second after the velocity of the SV became less than or equal to that of
the PTM.

d. End-of-Test Instructions

After the test was complete, the SV driver manually applied force to the brake pedal,
bringing the vehicle to a stop (if necessary), and placed the transmission in park
(automatic transmission) or neutral (manual transmission).

The test trial was then complete.

e. Number of Test Trial Repeats

Combinations of test speeds, and lighting conditions were tested as shown in Table 1.
Five repeat trials were conducted for each test condition. As noted above, for all
scenarios, the 16 and 40 km/h speeds were considered to be the “non-conditional’
speeds. Testing at these speeds was conducted without regard to whether the results
showed that “consistent contact” occurred between the SV and PTM. Consistent contact
was defined as the SV contacting the PTM in three or more test trials at a given speed. If
this occurred, then testing at any higher speeds was not conducted. Rather, the speed
would be reduced by 5 km/h and testing of that scenario and lighting treatment would be
conducted at that lower speed. This was done to more precisely identify the highest speed
at which the vehicle’'s PAEB system was able to avoid colliding with the PTM.

f. Speed Reduction

The magnitude of the SV speed reduction attributable to PAEB intervention (as shown in
Datasheet 1) was calculated in one of two ways, depending on whether a test trial
concluded with the SV colliding with the PTM.

e |If the SV contacted the PTM during a test trial, the PAEB speed reduction was
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calculated by subtracting the SV speed at the time of contact (i.e., when the
longitudinal range becomes zero) from the average SV speed calculated at TTC =
4.0 seconds.

e |If the SV did not contact the PTM during a test trial (i.e., PAEB intervention
prevented the crash):

o Scenario S4a-b: The SV speed at the time of SV and PTM contact was
taken to be zero. The speed reduction was therefore equal to the SV speed
at TTC = 4.0 seconds.

o Scenario S4c: The PAEB speed reduction was calculated by subtracting the
SV speed at the minimum longitudinal SV-to-PTM range during the validity
period from the SV speed at TTC = 4.0 seconds.

g. Pass/Fail Criteria
There were no pass/fail criteria for these research tests.

D. Summary of Scenarios

Figure 11 illustrates the offset conditions used for the different scenarios and Tables 3
through 6 provide summaries of the scenario setups.

5la
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Figure 11. Offset Conditions
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Table 3. Summary of S1a-b-c-d-f-g Scenarios Setup

Drawing illustrates setup but is not to scale

PTM Type Adult (S1a-b-c-f-g)
Child (S1d)
PTM Location Nearside
Crossing SV Path
(S1a-b-c-d-g)
PTM Action Not crossing SV
Path
(S11)
PTM Move
Distance 6m (19 1t)
PTM Start
Distance 3.5m (11.48 ft)
PTM Acceleration 0.5 m (1.64 ft)
Distance
Overlap S1a 25%
(Determined from
- 509
the SV width. S1b-d e
Measurement S1c 75%
transferred to the S1f -259%
location on the
PTM path. Minus
25% and 125% do
125%
not result in SV-to- S1g °
PTM contact.)
SV Start Distance 182 m (600 ft)
Lane Width
(Not standard lane

width. Adapted to
SV width. Lane
width should be
centered on SV
path.)

SV Width + 40 cm
(16 in)

Lane Length
(Based on 4.0 sec

TTC and SV 44 m
an
speed = 40 km/h (145 7t)
(25 mph).)
Obstruction PV1D1 ]
m
(S1d only) PV2D1 (3.2 ft
PVD1

PTM Path

P

SV Start Distance

—:

4———— Lane Length

PTM Mowe Distance ==

"'l- PTM Start Distance ==

! PTM Acce
S1h-d
@ @ @@ @
S1gSlc; SlaSif

-

o : 0
o o
o 0
o o)
o o
o 0
o 0

Cr# Lane Width +0O

SV Path

| Distance =

PVIDII

PVl

PvZ2
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Table 4. Summary of S1e Scenario Setup

PTM Type Adult Drawing illustrates setup but is not to scale
PTM Location Offside .

4+——— PTM Move Distance ————+
PTM Action Crossing SV Path PTM Start Distan:ei
PTM Move Distance 9m (29.5 ft) PTM Accel Distal‘ll:eg
PTM Start Distance 5.5 m (18 ft) :

- Sle PTM Path
E-irsl\tna:z:eleratlon 1.0 m (3.2 ft) Q‘ R N A
Overlap N
(Determined from the o O
SV width.

Measurement 50% 0] O
transferred to the -.Eu
location on the PTM o o E
path.) o
n

SV Start Distance 182 m (600 ft) o o -
Lane Width o
(Not standard lane o} O E
width. Adapted to SV SV Width + 40 cm : a
width. Lane width (16in) o o =
should be centered on : in
SV path.) : &

O : o
Lane Length :
(Based on 4.0 sec 44 m . 1
TTC and SV speed = (145 ft) O Lane Width +0 I

40 km/h (25 mph).)

Q

SV

N

SV Path
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Table 5. Summary of S4a-b Scenarios Setup

S4a-b Scenario

Drawing illustrates setup but is not to scale

PTM Type Adult s4b
PTM Location Nearside In-Path & »'
Stationary
S4a Facing Away : /
S4b | Facing ! c4a
Towards :
PTM Move Distance NA O O
PTM Start Distance NA :
PTM Acceleration O O
. NA -
Distance ¥,
=
Overlap e o 4
(Determined from the g
SV width. : i
Measurement 25% o : ©
transferred to the : o
location on the PTM O O c
path.) b
o
SV Start Distance 182 m (600 ft) o o E
Lane Width : :
(Not standard lane : n
width. Adapted to SV | SV Width + 40 cm (16 © : ©
width. Lane width in) :
should be centered % Lane Width =0 Y
on SV path.) :
Lane Length D
(Based on 4.0 sec 44 m :
TTC and SV speed = (145 ft)
40 km/h (25 mph).)
S\
SV Path
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Table 6. Summary of S4c Scenario Setup

(Based on 4.0 sec

PTM Type Adult Drawing illustrates setup but is not to scale
PTM Location Nearside In-Path o i
PTM Action Moving Away 1 :
PTM Move Distance 17 m (55 ft :
(55 1) O : o
PTM Start Distance NA :
PTM Acceleration
Distance m (3.28 1) o : O
i .
Overlap o ‘a T
(Determined from the E O Tl @] a
SV width. v : &
t ! n
Measurement 25% " I E
transferred to the o =i O -
location on the PTM D1 b g
path.) oz
o i O =
SV Start Distance 182 m (600 ft) ;o =
Lane Width O O l
. .:}»i
(Not standard lane : b
width. Adapted to SV | SV Width + 40 cm (16 P I
width. Lane width in) O : O e w
should be centered : ;. £
;M
on SV path.) O« Lane Width %0 > B
Lane Length : o
44 m 1

TTC and SV speed =
40 km/h (25 mph).)

(145 ft)

IIIIIIIIOIIIII
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E. Pre-Test Brake Burnishing

To achieve full brake system capability, and to ensure consistent performance, the
procedure defined in section 14.1.2 and section 14.1.3 of NHTSA Laboratory Test
Procedure for FMVSS No. 135 Light Vehicle Brake Systems (TP-135-01) was used to
burnish new SV brake components.

e The SV was loaded to its GVWR.

e From a speed of 49.7 mph (80 km/h), 200 stops were performed with an average
deceleration of 0.31g (3.0 m/s?) during each stop.

o Each stop was performed with the transmission in gear.

o The Initial Brake Temperature (IBT), defined as the average brake pad or
lining friction material temperature on the highest-temperature axle of the
SV at the onset of a test trial, was < 100°C (212°F) at the onset of each
stop.

o The interval from the onset of one stop to the onset of the next was either
the time necessary to reduce the IBT to < 100°C (212°F), or the distance
of 2 km (1.24 miles), whichever occurred first.

o The vehicle was accelerated to 49.7 mph (80 km/h) after each stop and
that speed was maintained until initiating the next.

1. SV BRAKE WARM-UP AND TEMPERATURE MAINTENANCE DURING TESTING

The IBT was between 149°F (65°C) and 212°F (100°C) at the onset of each test.

e Ifthe IBT was less than 149°F (65°C), the brakes were heated to the IBT by making
one or more brake applications from a speed of 31.1 mph (50 km/h), at a
deceleration rate not greater than 0.31g (3 m/s?).

e Ifthe IBT was greater than 212°F (100°C), the SV was driven at speeds up to 62.1
mph (100 km/h) until the IBT specified was reached

F. Pedestrian Test Mannequin and Motion System

Adult and child Pedestrian Test Mannequins (PTMs) from 4activeSystems were used for
these tests. These are articulated mannequins with movable legs and poseable arms.
Note that these mannequins are used in Euro NCAP PAEB testing.

The mannequins are strikeable objects with certain characteristics representative of
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humans. The adult mannequin represents a 50" percentile adult male, and the child
mannequin represents a 7-year-old child. They were designed to be recognized by mono
and stereo cameras, as well as by radar and infrared systems.

The motion system used for these tests was the Micro Low Profile Robotic Vehicle
(MLPRYV) developed by Dynamic Research, Inc. The yLPRV is a small robotic platform
that is self-contained, self-propelled, self-guided, and programmable, such that it can
follow 2-dimensional trajectories in coordination with the SV. The uyLPRV comprises an
over-runnable chassis, drive system, steering system, DGPS/IMU sensor, wireless
communication system, and control software in order to measure and control the
movements of the yLPRV during a test sequence. The pedestrian mannequins are affixed
by means of a central clear plastic post. At the base of the clear plastic post, a plastic-
covered steel flange is captured by a horseshoe-shaped clamp that attaches to a ferrous
plate secured to the upper surface of the JLPRV by magnetic attraction between the
ferrous plate on the surface of the yLPRV and the high-power magnets in the horseshoe
shaped clamp.

In operation, position and velocity information from the SV are transmitted continuously
over a WiFi network to a control computer. The control computer coordinates the motions
of the yLPRV and the SV, so that the scenarios can be controlled in a precise and
repeatable way.

G. Instrumentation

Table 7 lists the sensors, signal conditioning, and data acquisition equipment used for
these tests.
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Table 7. Test Instrumentation and Equipment

Accuracy, Other

Calibration Dates

Type Output Range Primary Specs Mfr, Model Serial Number Ilsezjs:
By: DRI
Tire Pressure Vehicle Tire 0-100 psi < 1% error between 20 Y
Gauge Pressure 0-690 kP and Omega DPG8001 17042707002 Date: 8/18/2020
- a
Due: 8/18/2021
Vehicle Total, ntercomp SW By: DRI
Platform Scales Wheel, and Axle 2200 Ib/platform 0.1% of reading wireless P 0410MN20001 Date: 4/20/2020
Load Due: 4/20/2021
By: DRI
i i 10in 0.1in
Linear (string) Throttle pedal travel UniMeasure LX-EP | 45040532 Date: 7/2/2020
encoder 254 mm 2.54 mm
Due: 7/2/2021
Position; By: Oxford .
SV Multi-Axis Longitudinal, Latitude: £90° Technical Solutions
Inertial Sensing Lateral, and Vertical Lonait d N +180° Position: #2 cm 015477 Date: 9/12/2018
System Accels; ongttude: £ Velocity: 0.1 km/h Due: 9/12/2020
T Altitude: 0-18 km . N
Lateral, Longitudinal Velocitv: 0-1000 Accel: < 0.05%
and Vertical ‘ r?o?glﬁ)\/c.:ce-l- 154 Angular Rate: < 0.05% | Oxford xNAV 550
Velocities; Angular Rat-eT 4300 Roll/Pitch Angle: By: O)fford _
PTT Multi-Axis Roll, Pitch, Yaw o/s T +0.05° Technical Solutions
Inertial Sensing Rates; Angular Disp: +180° Heading Angle: +0.1° 24538 Date: 2/24/2020
System Roll, Pitch, Yaw Due: 2/24/2022
Angles
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Table 7. Test Instrumentation and Equipment (continued)

Accuracy. Other Calibration Dates
Type Output Range . Y, Mfr, Model Serial Number Last
Primary Specs Due
+.0020 in.

i + By: DRI
Coordinate Inertial Sensing 0-8 ft "0_51 mm- Faro Arm, U08-05-08- y )
Measurement System Coordinates | 0-2.4 m (Single point Fusion 06636 Date: 1/6/2020
Machine ) articulation accuracy) Due: 1/6/2021

Sound Frequency . . . .
-to- : Audio-Tech
Microphone (to measure time at | Response: ?'Eﬂi';?1ng':e- 64 dB, A'Llj'slgg echnica NA NA
alert) 80 Hz — 20 kHz
Light intensity - DRI designed and
. Spectral Bandwidth: L .
Light Sensor (to measure time at pectrat Sanawl Rise time < 10 msec developed Light NA NA
440-800 nm
alert) Sensor
Acceleration Sili Desi
Accelerometer (to measure time at +5g < 3% of full range ficon Lesigns, NA NA
2210-005
alert)
Type Description Mfr, Model Serial Number

Data Acquisition
System

Data acquisition is achieved using a dSPACE MicroAutoBox Il. Data
from the Oxford IMU, including Longitudinal, Lateral, and Vertical
Acceleration, Roll, Yaw, and Pitch Rate, Forward and Lateral
Velocity, Roll and Pitch Angle are sent over Ethernet to the
MicroAutoBox. The Oxford IMUs are calibrated per the
manufacturer’s recommended schedule (listed above).

dSPACE Micro-Autobox Il 1401/1513

Base Board

549068

1/0 Board

588523
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H. Pre-Test Brake Burnishing

To achieve full brake system capability, and to ensure consistent performance, the
procedure defined in section 14.1.2 and section 14.1.3 of NHTSA Laboratory Test
Procedure for FMVSS No. 135 Light Vehicle Brake Systems (TP-135-01) was used to
burnish new SV brake components.

e The SV was loaded to its GVWR.

e From a speed of 49.7 mph (80 km/h), 200 stops were performed with an average
deceleration of 0.31g (3.0 m/s?) during each stop.

o Each stop was performed with the transmission in gear.

o The Initial Brake Temperature (IBT), defined as the average brake pad or
lining friction material temperature on the highest-temperature axle of the
SV at the onset of a test trial, was < 100°C (212°F) at the onset of each
stop.

o The interval from the onset of one stop to the onset of the next was either
the time necessary to reduce the IBT to < 100°C (212°F), or the distance
of 2 km (1.24 miles), whichever occurred first.

o The vehicle was accelerated to 49.7 mph (80 km/h) after each stop and
that speed was maintained until initiating the next.

2. SV BRAKE WARM-UP AND TEMPERATURE MAINTENANCE DURING TESTING

The IBT was between 149°F (65°C) and 212°F (100°C) at the onset of each test.

e Ifthe IBT was less than 149°F (65°C), the brakes were heated to the IBT by making
one or more brake applications from a speed of 31.1 mph (50 km/h), at a
deceleration rate not greater than 0.31g (3 m/s?).

e Ifthe IBT was greater than 212°F (100°C), the SV was driven at speeds up to 62.1
mph (100 km/h) until the IBT specified was reached.

57



APPENDIX A

Photographs

A-1



Figure A1.
Figure A2.
Figure A3.
Figure A4.
Figure A5.
Figure AG.
Figure A7.
Figure A8.
Figure A9.

Figure A10.

Figure A11.
Figure A12.
Figure A13.
Figure A14.
Figure A15.
Figure A16.

Figure A17.

LIST OF FIGURES

Page
Front View of Subject Vehicle As-Delivered ..............ccoooiiiiiiiene.n. A-3
Rear View of Subject Vehicle As-Delivered...............ccoovvviviiicenen.n. A-4
Front View of Subject Vehicle As-Tested..........ccccccvvvviiiiiiiiiiininnnn. A-5
Rear View of Subject Vehicle As-Tested ...........cccoeveiiiiiiiiiiiiiceeenn. A-6
Window Sticker (Monroney Label)..........ccooooeeiiiii, A-7
Vehicle Certification Label ... A-8
Tire Placard ... A-9
Adult and Child Pedestrian Surrogates and Motion Platform........... A-10
Obstruction VehICles.........cooooiiieee A-11
DGPS, Inertial Measurement Unit, and MicroAutoBox Installed in
Subject VENICIe ... A-12
Sensor for Detecting Auditory Alert ............oviiiiiiiiiiceee e A-13
Sensor for Detecting Visual Alert..........cooooiiioiiiiieeee, A-14
Computer Installed in Subject Vehicle ...........cccccoooviiiiiiiiiiiiiee, A-15
PAEB Setup Menus (page 1 of 2)......ccoovviiiiiiiiiiiiiiiiiiiiieeeeeee A-16
PAEB Setup Menus (page 2 of 2)......ccoeeiiiiiiiiiiicieeeeeeeeee e A-17
Controls for Changing Vehicle Parameters.............cccoeeeiieieieiieeennn. A-18
ViSU@l ALBIT ... A-19

A-2



Figure A1. Front View of Subject Vehicle As-Delivered
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Figure A2. Rear View of Subject Vehicle As-Delivered
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Figure A3. Front View of Subject Vehicle As-Tested
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Figure A4. Rear View of Subject Vehicle As-Tested
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Engine: V6 Cylinder Engine
Transmission: 8-Speed A/T
Exterior: Becketts Black (RB5)
Interior: Black

Model: Palisade SEL FWD
VIN: KM8R44HEXLUO6

+ Remote Releases -Inc: Power Fuel

MECHANICAL -\P’rolxirrF\ity Key For Doors And Push Button Start CITY MPG HIGHWAY MPG
Valet Function

+3.648 Axle Ratio - HomeLink Garage Door Transmitter

- GVWR: 5,732 Ibs - Cruise Control w/Steering Wheel Controls

- Front-Wheel Drive  Distance Pacing w/Traffic Stop-Go

- 54-Amp/Hr Maintenance-Free Battery w/Run + Rear HVAC w/Separate Controls

Down Protection - HVAC -inc: Underseat Ducts and Headliner/Pillar

+180 Amp Alternator Ducts o o |

+ Towing Equipment -inc: Trailer Sway Control - Dual Zone Front Automatic Air Conditioning

- Trailer Wiring Harness llluminated Locking Glove Box

- Gas-Pressurized Shock Absorbers + Driver Foot Rest

- Front And Rear Anti-Roll Bars - Interior Trim -inc: Simulated Wood Instrument

- Electric Power-Assist Speed-Sensing Steering Panel Insert, Metal-Look Door Panel Insert and

+18.8 Gal. Fuel Tank Metal-Look interior Accents

- Single Stainless Steel Exhaust w/Chrome + Full Cloth Headliner

Tailpipe Finisher -Cloth Door Trim Insert MSRP $33,925.00

- Strut Front Suspension w/Coil Springs - Stain Resistant Cloth Seat Trim ) INSTALLED OPTIONS

- Multi-Link Rear Suspension w/Coil Springs - Driver And Passenger Visor Vanity Mirrors w/Driver - 5 ?

- 4-Wheel Disc Brakes w/4-Wheel ABS, Front :nd_l_ g Driver And g Premium & Drive Guidance $6,750

Vented Discs, Brake Assist, Hill Hold Control and ~ Auxiliary Mirror

Electric Parking Brake - Day-Night Auto-Dimming Rearview Mirror Becketts Black $0
- Full Floor Console w/Covered Storage, Mini :

EXTERIOR Overhead Console w/Storage, Conversation Mirror Black, Seat Trim $0
and 4 12V DC Power Outlets Mudguards $120

- Wheels: 18" x 7.5) Machine Finish Alloy “ErontMapliohts. .. .

- Tires: 245/60R18 - EaﬁeC-TO-OtffFllmer?r Lighting Cargo Tray $150

- Steel Spare Wheel + Full Carpet Floor Covering

. Compact Spare Tire Stored Underbody  Carpet Floor Trim Carpeted Floor Mats $180

wiCrankdown - Cargo Area Concealed Storage Cargo Net $50

+ Clearcoat Paint - Cargo Space Lights o .

+ Body-Colored Front Bumper w/Black Rub - FOB Controls -inc: Cargo Access and Remote Original Shipping Charge $1,140

Strip/Fascia Accent and Metal-Look Bumper Engine Start A,

el - Instrument Panel Bin, Driver / Passenger And Rear | | RETAIL PRICE (ORIGINALLY NEW) $42,315.00

- Body-Colored Rear Bumper w/Metal-Look Rub 90" Bins ) .

Strip/Fascia Accent and Black Bumper Insert : Power 1st Row Windows w/Driver And ger 1-

“Black Bodyside Cladding and Black Wheel Well ~ Touch Up/Down

Trim - Delayed Accessory Power

- Chrome Side Windows Trim, Black Front - Power Door Locks w/Autolock Feature

Windshield Trim and Black Rear Window Trim + Systems Monitor . .

Y Chrome Door Hondlcs Redundant Digital Speedometer Get more information on your

- Body-Colored Power Heated Side Mirrors 'g::t’sﬁ’%"}l;l:r“;reauge ok

w/Manual Folding and Turn Signal Indicator . 8 :

- Fixed Rear Window w/Fixed Interval Wiperand ' Analog Display . Smartphone

Difidctar - Manual w/Tilt Front Head Restraints and Manual

“Deep Tiited Glags Adjustable Rear Head Restraints

+ Variable Intermittent Wipers + 2 Seatback Storage Pockets

i + Perimeter Alarm
+ Full; ) teel I
i Lomartesd stsel Fanels +412V DC Power Outlets
* Metal-Look Grille + Air Filtration
- Liftgate Rear Cargo Access
- Tailgate/Rear Door Lock Included w/Power Door ~ SAFETY

Locks

- Roof Rack Rails Only - Electronic Stability Control

+ Fully Automatic Projector Beam Halogen +ABS And Driveline Traction Control

Daytime Running Auto High-Beam Headlamps + Side Impact Beams

w/Delay-Off - Dual Stage Driver And Passenger Seat-Mounted
Side Airbags

ENTERTAINMENT - Rear Park Assist Rear Parking Sensors

- Forward Collision-Avoidance Assist
w/Pedestrian/Cyclist Detection

-Lane Keep Assist Lane Keeping Assist

+Lane Keep Assist Lane Departure Warning

- Blind-spot Collision-Avoidance Assist Blind Spot
 Tire Pressure Monitoring System Tire Specific Low
Tire Pressure Warning

- Dual Stage Driver And Passenger Front Airbags
 Curtain 1st And 2nd Row Airbags

 Airbag Occupancy Sensor

- Driver Knee Airbag

- Radio: AM/FM/MP3 Display Audio -inc:
screen, Apple CarPlay & Android Auto, quiet
mode, USB/Ausxiliary input jacks, rearview
monitor w/parking guidelines and Bluetooth
fandse i i f

- Radio w/Seek-Scan, Clock, Speed Compensated
Volume Control, Steering Wheel Controls, Voice
Activation and Radio Data System

-6 Speakers

- Automatic Equalizer

* Blue Link
* Inte ted Roof Al k
TS WonitorinThe Front -Rear Child Safety Locks

+ Outboard Front Lap And Shoulder Safety Belts -inc:
INTERIOR Height Adjusters and Pretensioners

- Heated Front Bucket Seats -inc: 8-way power
driver's seat w/2-way power lumbar support,
 Driver Seat
- 6-Way Passenger Seat -inc: Manual Recline,
Height Adjustment and Fore/Aft Movement
- Bucket Folding Captain Front Facing Manual
Reclining Fold Forward Seatback Rear Seat
w/Manual Fore/Aft
- Front Center Armrest and Rear Seat Mounted
Armrest
- Manual Tilt/Telescoping Steering Column
- Gauges -inc: Speedometer, Odometer, Engine
Coolant Temp, Tachometer, Trip Odometer and
Trip Computer
- Power Rear Windows and Fixed 3rd Row
Windows
 Fixed 50-50 Split-Bench 3rd Row Seat Front,
Manual Fold Into Floor, 2 Manual and Adjustable
Head Restraints
 Leather Steering Wheel
+ Front Cupholder
- Rear Cupholder
- Remote Keyless Entry w/integrated Key

; : z ;

T g ntry,
Ignition Switch and Panic Button

Figure A5. Window Sticker (Monroney Label)
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pong KOREA BY
HYuNAB'”AF?CTURfADo 'S COMPANY
AUG/14/19  -ovwr 57321bs PAINT RBS TRIM NNB |
‘ GAWR TIRES RIMS COLD TIRE INFL

FRONT2954 [bs 245/50R20  7.50%20 35psi SINGLE

REAR 3197 Ibs 245/50R20  7.5JX20 35psi SINGLE

THIS VEHICLE CONFORMS TO ALL APPLICABLE U.S.A. FEDERAL
 MOTOR VEHICLE SAFETY AND THEFT PREVENTION STANDARDS
N EFFECT ON THE DATE OF MANUFACTURE SHOWN ABOVE

V.I.N KMBR44HEXLUO6 TYPE : MPV

- % ll
& SN W Y s g U
- C o - < )
e
:

Figure A6. Vehicle Certification Label
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~TIRE AND LOADING INFORMATION
RENSEIGNEMENTS SUR LES PNEUS ET LE CHARGEMENT

SEATING CAPACTY FRONT , | REAR
NoMBRE DE pLaces | TOTAL & |yt 2| ppmicre

The combined weight of occupants and cargo should never exceed 600 kg or
Le poids total des occupants et du chargement ne doit jamais depasser

Ibs.
1323

% ot COLD TIRE PRESSURE
PRESSION DES
PNEU | DIMERSIGRES L oo
FRONT . INFORMATION
AANT | 245/50R20 240kPa, 35psi

REAR VOIR LE MANUEL
ARRISRE | 245/50R20 240kPa, 35psi DE .L'USAGER

SPARE _ . POUR PLUS DE
\DE SECOURs | T155/90R18 420kPa, 60psi RENSEIGNEMENTS .

Figure A7. Tire Placard
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Figure A8. Adult and Child Pedestrian Surrogates and Motion Platform
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Figure A9. Obstruction Vehicles
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Figure A10. DGPS, Inertial Measurement Unit, and MicroAutoBox Installed in Subject Vehicle
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Figure A11. Sensor for Detecting Auditory Alert
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Figure A12. Sensor for Detecting Visual Alert
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Figure A13. Computer Installed in Subject Vehicle
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User Settings

Forward Safety

SBack
Active Assist
Warning Only

Figure A14. PAEB Setup Menus (page 1 of 2)
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Warning Timing
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Figure A15. PAEB Setup Menus (page 2 of 2)
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Figure A16. Controls for Changing Vehicle Parameters
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Collision Warning

Figure A17. Visual Alert
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APPENDIX B

Excerpts from Owner’'s Manual

B-1



Convenient features of your vehicle

Forward Collision- *
Avoidance Assist (FCA) >
System Warning Light <=

This warning light illuminates:

+ When you set the ignition switch or
the Engine Start/Stop button to the
ON position.

- It illuminates for approximately 3
seconds and then goes off.

* When there is a malfunction with
the FCA.

If this occurs, have the vehicle inspect-

ed by an authorized HYUNDAI dealer.

For more details, refer to "Forward
Collision-Avoidance Assist (FCA)
system" in chapter 5.

3-84

Lane Keeping Assist i
(LKA) System Indicator ;'fam\
Light

This indicator light illuminates:

+ [Green] When the system operat-
ing conditions are satisfied.
[White] The system operating con-
ditions are not satisfied.

[Yellow] When there is a malfunc-
tion with the lane keeping assist
system.

If this occurs, have your vehicle
inspected by an authorized
HYUNDAI dealer.

For more details, refer to "Lane
Keeping Assist (LKA) system” in
chapter 5.

B-2

LED Headlight Warning <«
Light (if equipped) -@
+

] ~

This warning light illuminates:

+ When you set the ignition switch or
the Engine Start/Stop button to the
ON position.

* When there is a malfunction with
the LED headlight.

If this occurs, have the vehicle
inspected by an authorized
HYUNDAI dealer.

This warning light blinks:

When there is a malfunction with a
LED headlight related part.

If this occurs, have the vehicle
inspected by an authorized HYUNDAI
dealer.

Continuous driving with the LED
Headlight Warning Light on or
blinking can reduce LED headlight
life.



Convenient features of your vehicle

Check headlight (if equipped)
This warning message is displayed if
the headlights are not operating
properly. A headlight bulb may need
to be replaced.

B Information

Make sure to replace the burned out
bulb with a new one of the same
wattage rating.

Check turn signal (if equipped)
This warning message is displayed if
the turn signal lamps are not operat-
ing properly. A lamp may need to be
replaced.

3 Information

Make sure to replace the burned out
bulb with a new one of the same wattage
rating.

Check High Beam Assist (HBA)
system (if equipped)

This warning message is displayed if
there is a problem with the High Beam
Assist (HBA) system. Have the vehi-
cle inspected by an authorized
HYUNDAI dealer.

For more details, refer to "High
Beam Assist (HBA) system" in
chapter 3.

Check headlight LED (if equipped)
This warning message is displayed if
there is a problem with the LED
headlight. Have the vehicle inspected
by an authorized HYUNDAI dealer.

B-3

Check Forward Collision-
Avoidance Assist system

(if equipped)

This warning message is displayed if
there is a problem with the Forward
Collision-Avoidance Assist (FCA)
system. Have the vehicle inspected
by an authorized HYUNDAI dealer.

For more details, refer to "Forward
Collision-Avoidance Assist (FCA)
system" in chapter 5.

Check Blind-Spot Collision
Warning (BCW) system

(if equipped)

This warning message is displayed if
there is a problem with the Blind-
Spot Collision Warning system. Have
the vehicle inspected by an author-
ized HYUNDAI dealer.

For more details, refer to "Blind-
Spot Collision Warning (BCW)/
Blind-Spot Collision-Avoidance
Assist (BCA)" or "Rear Cross-
Traffic Collision Warning (RCCW)/
Rear Cross-Traffic Collision-
Avoidance  Assist (RCCA)"
System in chapter 5.



FORWARD COLLISION-AVOIDANCE ASSIST (FCA) SYSTEM

The Forward Collision-Avoidance
Assist (FCA) system is designed to
help detect and monitor the vehicle
ahead or help detect a pedestrian in
the roadway through radar signals
and camera recognition to warn the
driver that a collision is imminent,
and if necessary, apply emergency
braking.

A WARNING

Take the following precautions
when using the Forward Collision-
Avoidance Assist (FCA) system:

* This system is only a supple-
mental system and it is not
intended to, nor does it replace
the need for extreme care and
attention of the driver. The
sensing range and objects
detectable by the sensors are
limited. Pay attention to the
road conditions at all times.

Drive at posted speed limits
and accordance to road con-
ditions.

Always drive cautiously to
prevent unexpected and sud-
den situations from occur-
ring. The Forward Collision-
Avoidance system may not
always stop the vehicle com-
pletely and is only intended to
help mitigate a collision that
is imminent.

System Setting and Operation
System setting

Forward Safety

O Back
Active Assist
Warning Only
Off

OTMAQ58186

« Setting Forward Safety function
The driver can activate the FCA by
placing the ignition switch to the
ON position and by selecting:
'User Settings — Driver Assistance
— Forward Safety’

- If you select "Active Assist", the
FCA system activates. The FCA
produces warning messages and
warning alarms in accordance
with the collision risk levels.
Braking assist will be applied in
accordance with the collision risk.
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Drivinﬁ our vehicle

- If you select 'Warning Only', the
FCA system activates and pro-
duces only warning alarms in
accordance with the collision risk
levels. Braking assist will not be
applied in this setting.

- If you select "Off', the FCA system
deactivates.

* The warning light illu-
e minates on the LCD

display, when you can-

cel the FCA system.
The driver can monitor the FCA
ON/OFF status on the LCD display.
Also, the warning light illuminates
when the ESC (Electronic Stability
Control) is turned off. If the warning
light remains ON when the FCA is
activated, have the system
checked by an authorized
HYUNDAI dealer.

Warning Timing

D Back
Normal

Later

OTMA058089

« Setting Warning Timing

The driver can select the initial warn-
ing activation time on the LCD dis-
play.

Go to the 'User Settings — Driver
Assistance — Warning Timing —
Normal/Later".

B-5

The options for the initial Forward
Collision Warning includes the fol-
lowing:

- Normal:

When this option is selected, the
initial Forward Collision Warning is
activated sensitively. If you feel the
warning activates too early, set the
Forward Collision Warning to
'Later.

Even though, 'Normal' is selected if
the front vehicle suddenly stops
the initial warning activation time
may not seem fast.



- Later:

When this option is selected, the
initial Forward Collision Warning is
activated later than normal. This
setting reduces the amount of dis-
tance between the vehicle, pedes-
trian ahead before the initial warn-
ing occurs.

Select 'Later' when traffic is light
and when driving speed is slow.

) Information

If you change the warning timing, the
warning time of other systems may
change. Always be aware before
changing the warning timing.

Prerequisite for activation

The FCA system is on and ready
when 'Active Assist' or 'Warning
Only' under Forward Safety is select-
ed in the LCD display and when the
following prerequisites are satisfied:
- ESC (Electronic Stability Control)
is on.

Vehicle speed is over 5 mph (8
km/h ) (The FCA is only activated
within a certain speed range.).

The system detects a pedestrian
or a vehicle in front, which may col-
lide with your vehicle. However,
FCA may not be activated or may
only sound a warning alarm
depending on the driving or vehicle
conditions.

A WARNING

* To avoid driver distractions,
do not attempt to set or can-
cel the FCA while driving the
vehicle. Always completely
stop the vehicle at a safe
place before setting or cancel-
ing the system.

FCA automatically activates
upon placing the ignition
switch to the ON position. The
driver can deactivate FCA by
canceling the system setting
in the cluster LCD display.

FCA automatically deacti-
vates upon canceling ESC.
When ESC is canceled, FCA
cannot be activated in the
cluster LCD display. In this sit-
uation, the FCA warning light
will illuminate which is nor-
mal.
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FCA Warning Message and
Brake Control

FCA produces warning messages,
warning alarms, and emergency
braking based on the level of risk of
a frontal collision, such as when a
vehicle ahead suddenly brakes, or
when the system detects that a colli-
sion with a pedestrian is imminent.

Collision Warning (First and sec-
ond warning)

Collision Warning

-
N
J—

OLX2059026N

The warning message appears on
the cluster LCD display with a
warning chime.

Your vehicle speed may decelerate
moderately.

If FCA detects a vehicle in front,
the system operates when your
vehicle speed is between 5 mph (8
km/h) and 100 mph (160km/h).
Maximum vehicle speed may
decrease depending on the condi-
tion of the vehicle ahead and sur-
roundings.

B-7

If FCA detects a pedestrian in
front, the system operates when
your vehicle speed is between 5
mph (8 km/h) and 55 mph (90
km/h). Maximum vehicle speed
may decrease depending on the
condition of the vehicle ahead and
surroundings.

If you select 'Warning only' for the
system setting, the FCA system
activates and produces only warn-
ing alarms in accordance with the
collision risk levels. You should
control the brake directly because
the FCA system will not control the
brake.



Emergency Braking
(Third warning)

.

Emergency
Braking

-
N
—

OLX2059027N

The warning message appears on
the cluster LCD display with a
warning chime.

Additionally, some vehicle system
intervention occurs by the engine
management system to help decel-
erate the vehicle.

The brake control is maximized
just before a collision, reducing
impact when it strikes a forward
vehicle.

If FCA detects a vehicle in front,
the system operates when your
vehicle speed is above 5 mph (8
km/h) and 50 mph (80 km/h) or
under. Maximum vehicle speed
may decrease depending on the
condition of the vehicle ahead and
surroundings.

If FCA detects a pedestrian in
front, the system operates when
your vehicle speed is 5 mph (8
km/h) or above and under 45 mph
(70 km/h). Maximum vehicle speed
may decrease depending on the
condition of the vehicle ahead and
surroundings.

If you select 'Warning only' for the
system setting, the FCA system
activates and produces only warn-
ing alarms in accordance with the
collision risk levels. You should
control the brake directly because
the FCA system do not control the
brake.

Brake operation

 In an urgent situation, the braking
system enters into the ready status
for prompt reaction against the dri-
ver's depressing the brake pedal.

The FCA provides additional brak-
ing power for optimum braking per-
formance, when the driver depress-
es the brake pedal.

The braking control is automatical-
ly deactivated, when the driver
sharply depresses the accelerator
pedal, or when the driver abruptly
operates the steering wheel.

The FCA braking control is auto-
matically canceled, when risk fac-
tors disappear.

5-67

ajp1yaa Jnof Buiag H
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/A CAUTION

¢ The driver should always use
extreme caution while operat-
ing the vehicle, whether or not
there is a warning message or
alarm from the FCA system.

After the brake control is acti-
vated, the driver must immedi-
ately depress the brake pedal
and check the surroundings.
The brake activation by the
system lasts for about 2 sec-
onds.

If any other warning sound
such as seat belt warning
chime is already generated,
the Forward Collision-
Avoidance Assist (FCA) sys-
tem warning may not sound.

Playing the vehicle audio sys-
tem at high volume may pre-
vent occupants from hearing
the system warning sounds.

A WARNING

The FCA braking control cannot
completely stop the vehicle nor
avoid all collisions. The driver
should hold the responsibility
to safely drive and control the
vehicle.

A WARNING

The FCA system logic operates
within certain parameters, such
as the distance from the vehi-
cle, pedestrian ahead, the speed
of the vehicle ahead, and the
driver's vehicle speed. Certain
conditions such as inclement
weather and road conditions
may affect the operation of the
FCA system.
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A WARNING

Never deliberately drive danger-
ously to activate the system.

B-9

FCA Sensor
(Front Radar/Front Camera)

M Front radar

In order for the FCA system to oper-
ate properly, always make sure the
sensor cover or sensor is clean and
free of dirt, snow, and debris.



Dirt, snow, or foreign substances on
the sensor cover or sensor may
adversely affect the sensing perform-
ance of the sensor.

* Do not apply license plate frame
or foreign objects such as a
bumper sticker or a bumper
guard near the sensor. Doing so
may adversely affect the sens-
ing performance of the radar.

* Always keep the sensor and
cover clean and free of dirt and
debris.

* Use only a soft cloth to wash the
vehicle. Do not spray pressur-
ized water directly on the sensor
or sensor cover.

Be careful not to apply unneces-
sary force on the sensor or sen-
sor cover. If the sensor is
forcibly moved out of proper
alignment, the FCA system may
not operate correctly. In this
case, a warning message may
not be displayed. Have the vehi-
cle inspected by an authorized
HYUNDAI dealer.

+ If the front bumper becomes
damaged in the area around the
sensor, the FCA system may not
operate properly. Have the vehi-
cle inspected by an authorized
HYUNDAI dealer.

Use only genuine HYUNDAI
parts to repair or replace a dam-
aged sensor or sensor cover. Do
not apply paint to the sensor
cover.

+« NEVER install any accessories
or stickers on the front wind-
shield, or tint the front wind-
shield.

NEVER place any reflective
objects (i.e. white paper, mirror)
over the crash pad. Any light
reflection may prevent the sys-
tem from functioning properly.
Pay extreme caution to keep the
camera dry.

NEVER disassemble the camera
assembly, or apply any impact
on the camera assembly.

.

* If the sensor is forcibly moved
out of proper alignment, the FCA
system may not operate correct-
ly. In this case, a warning mes-
sage may not be displayed. Have
the vehicle inspected by an
authorized HYUNDAI dealer.

£ information

Have the system checked by an
authorized HYUNDALI dealer when:

* The windshield glass is replaced.

* The radar sensor or cover gets dam-
aged or replaced.
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Driving your vehicle

Warning message and warning
light

System Malfunction

A WARNING

The FCA system may not acti-
vate according to road condi-
tions, inclement weather, driv-
ing conditions or traffic condi-

Check Forward
Collision Avoidance
Assist system

Forward Collision

Avoidance Assist

(FCA) system
disabled.
Radar blocked

OIK057090L

Forward Collision-Avoidance Assist
(FCA) system disabled.

Radar blocked

When the sensor cover is covered
with dirt, snow, or debris, the FCA
system operation may not be able to
detect other vehicles. If this occurs, a
warning message will appear on the
LCD display.

The system will operate normally
when such dirt, snow or debris is
removed.

FCA may not properly operate in an
area (e.g. open terrain) where any
objects or vehicles are not detected
after turning on the engine.
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tions.
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X

) )
<=

Check Forward Collision-
Avoidance Assist system

When FCA is not working properly,
the FCA warning light (3&) will illu-
minate and the warning message
will appear for a few seconds. After
the message disappears, the mas-
ter warning light (A) will illumi-
nate. In this case, have the vehicle
inspected by an authorized
HYUNDAI dealer.

The FCA warning message may
appear along with the illumination
of the ESC (Electronic Stability
Control) warning light.



Both FCA warning light and warn-
ing message will disappear once
the ESC warning light issue is

resolved.

£ WARNING

* FCA is only a supplemental
system for the driver's con-
venience. It is the driver's
responsibility to control the
vehicle operation. Do not
solely depend on the FCA
system. Rather, maintain a
safe braking distance, and, if
necessary, depress the brake
pedal to reduce the driving
speed or to stop the vehicle.

In certain instances and
under certain driving condi-
tions, the FCA system may
activate prematurely. This ini-
tial warning message appears
on the LCD display with a
warning chime.

L]

Also due to sensing limita-
tions, in certain situations, the
front radar sensor or camera
recognition system may not
detect the vehicle, pedestrian
ahead. The FCA system may
not activate and the warning
message may not be dis-
played.

If there is a malfunction with
the FCA system, the Forward
Collision avoidance assist
system is not applied even
though the braking system is
operating normally.

If the vehicle in front stops
suddenly, you may have less
control of the brake system.
Therefore, always keep a safe
distance between your vehicle
and the vehicle in front of you.

The FCA system may activate
during braking and the vehi-
cle may stop suddenly shift-
ing loose objects toward the
passengers. Always keep
loose objects secured.

The FCA system may not acti-
vate if the driver applies the
brake pedal to avoid collision.

The brake control may be
insufficient, possibly causing
a collision, if a vehicle in front
abruptly stops. Always pay
extreme caution.

The FCA system may not acti-
vate according to the road
conditions, inclement weath-
er, driving conditions or traffic
conditions.

Occupants may get injured, if
the vehicle abruptly stops by
the activated FCA system. Pay
extreme caution.

The FCA system operates

only to detect vehicles, pedes-
trian in front of the vehicle.
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Drivinﬂ Hour vehicle

A WARNING

* The FCA system operates
only to help detect vehicles or
pedestrians in front of the
vehicle.

The FCA system does not
operate when the vehicle is in
reverse.

The FCA system is not
designed to detect other
objects on the road such as
animals.

The FCA system does not
detect vehicles in the oppo-
site lane.

The FCA system does not
detect cross traffic vehicles
that are approaching.

The FCA system cannot
detect the cross traffic cyclist
that are approaching.

The FCA system cannot
detect vehicles that are
stopped vertically to your
vehicle at a intersection or
dead end street.

In these cases, you must main-
tain a safe braking distance,
and if necessary, depress the
brake pedal to reduce the driv-
ing speed in order to maintain a
safe distance or to stop the
vehicle.
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Limitations of the System

The Forward Collision Avoidance
Assist (FCA) system is designed to
monitor the vehicle ahead or a
pedestrian on the roadway through
radar signals and camera recogni-
tion to warn the driver that a collision
is imminent, and if necessary, apply
emergency braking.

In certain situations, the radar sen-
sor or the camera may not be able to
detect the vehicle, pedestrian ahead.
In these cases, the FCA system may
not operate normally. The driver must
pay careful attention in the following
situations where the FCA operation
may be limited.



Detecting vehicles

The sensor may be limited when:
The system may not operate for 15
seconds after the engine is started
or the camera is initialized

The radar sensor or camera is cov-
ered with a foreign object or debris
The camera lens is contaminated
due to tinted, filmed or coated
windshield, damaged glass, or
stuck of foreign matter (sticker,
bug, etc.) on the glass

Inclement weather such as heavy
rain or snow obscures the field of
view of the radar sensor or camera
There is interference by electro-
magnetic waves

There is severe irregular reflection
from the radar sensor

The radar/camera sensor recogni-
tion is limited

The vehicle in front is too small to
be detected (for example a motor-
cycle or a bicycle, etc.)

.

-

.

.

The vehicle in front is an oversize
vehicle or trailer that is too big to
be detected by the camera recog-
nition system (for example a tractor
trailer, etc.)

The camera's field of view is not
well illuminated (either too dark or
too much reflection or too much
backlight that obscures the field of
view)

The vehicle in front does not have
their rear lights properly turned ON
or their rear lights are located
unusually

The outside brightness changes
suddenly, for example when enter-
ing or exiting a tunnel

Light coming from a street light or
an oncoming vehicle is reflected on
a wet road surface such as a pud-
dle in the road

The field of view in front is obstruct-
ed by sun glare

The windshield glass is fogged up;
a clear view of the road is obstruct-
ed

The vehicle in front is driving errati-
cally

The vehicle is on unpaved or
uneven rough surfaces, or road
with sudden gradient changes

The vehicle is driven near areas
containing metal substances as a
construction zone, railroad, etc.
The vehicle drives inside a building,
such as a basement parking lot
The camera does not recognize
the entire vehicle in front

The camera is damaged

The brightness outside is too low
such as when the headlamps are
not on at night or the vehicle is
going through a tunnel

The shadow is on the road by a
median strip, trees, etc.

The vehicle drives through a toll-
gate.

The rear part of the vehicle in front
is not normally visible (the vehicle
turns in other direction or the vehi-
cle is overturned.)

The adverse road conditions cause
excessive vehicle vibrations while
driving
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* The sensor recognition changes
suddenly when passing over a
speed bump

= The vehicle in front is moving verti-
cally to the driving direction

+ The vehicle in front is stopped ver-
tically

« The vehicle in front is driving
towards your vehicle or reversing

* You are on a roundabout and the 0 073
vehicle in front circles « Driving on a curve The FCA system may recognize a

The performance of the FCA sys-
tem may be limited when driving
on a curved road.

In certain instances on a curved
road, the FCA system may activate
prematurely.

Also, in certain instances the front
radar sensor or camera recognition
system may not detect the vehicle
traveling on a curved road.

In these cases, the driver must
maintain a safe braking distance,
and if necessary, depress the
brake pedal to reduce your driving
speed in order to maintain a safe
distance.

B-15

vehicle in the next lane when driv-
ing on a curved road.

In this case, the system may
unnecessarily alarm the driver and
apply the brake.

Always pay attention to road and
driving conditions, while driving. If
necessary, depress the brake
pedal to reduce your driving speed
in order to maintain a safe dis-
tance.

Also, when necessary depress the
accelerator pedal to prevent the
system from unnecessarily decel-
erating your vehicle.



« Driving on a slope

The performance of the FCA
decreases while driving upward or
downward on a slope, not recog-
nizing the vehicle in front in the
same lane. It may unnecessarily
produce the warning message and
the warning alarm, or it may not
produce the warning message and
the warning alarm at all.

When the FCA suddenly recog-
nizes the vehicle in front while
passing over a slope, you may
experience sharp deceleration.

Always keep your eyes forward
while driving upward or downward
on a slope, and, if necessary,
depress the brake pedal to reduce
your driving speed in order to
maintain distance.

+ Changing lanes

When a vehicle changes lanes in
front of you, the FCA system may
not immediately detect the vehicle,
especially if the vehicle changes
lanes abruptly. In this case, you
must maintain a safe braking dis-
tance, and if necessary, depress
the brake pedal to reduce your
driving speed in order to maintain a
safe distance.
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When driving in stop-and-go traffic,
and a vehicle in front of you
merges out of the lane, the FCA

system may not immediately
detect the new vehicle that is now
in front of you. In this case, you
must maintain a safe braking dis-
tance, and if necessary, depress
the brake pedal to reduce your
driving speed in order to maintain a
safe distance.
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+ Detecting the vehicle in front of you

If the vehicle in front of you has
cargo that extends rearward from
the cab, or when the vehicle in
front of you has higher ground
clearance, additional special atten-
tion is required. The FCA system
may not be able to detect the cargo
extending from the vehicle. In
these instances, you must main-
tain a safe braking distance from
the rearmost object, and if neces-
sary, depress the brake pedal to
reduce your driving speed in order
to maintain distance.

Detecting pedestrians
The sensor may be limited when:

.

The pedestrian is not fully detected
by the camera recognition system,
for example, if the pedestrian is
leaning over or is not fully walking
upright

The pedestrian is moving very
quickly or appears abruptly in the
camera detection area

The pedestrian is wearing clothing
that easily blends into the back-
ground, making it difficult to be
detected by the camera recogni-
tion system

The outside lighting is too bright
(e.g. when driving in bright sunlight
or in sun glare) or too dark (e.g.
when driving on a dark rural road
at night)

It is difficult to detect and distin-
guish the pedestrian from other
objects in the surroundings, for
example, when there is a group of
pedestrians or a large crowd
There is an item similar to a per-
son's body structure

B-17

The pedestrian is small

The pedestrian has impaired mobil-
ity

The sensor recognition is limited

The radar sensor or camera is cov-
ered with a foreign object or debris

The camera lens is contaminated
due to tinted, filmed or coated
windshield, damaged glass, or
stuck of foreign matter (sticker,
bug, etc.) on the glass

The brightness outside is too low
such as when the headlamps are
not on at night or the vehicle is
going through a tunnel

Inclement weather such as heavy
rain or snow obscures the field of
view of the radar sensor or camera
Light coming from a street light or
an oncoming vehicle is reflected on
a wet road surface such as a pud-
dle in the road

The field of view in front is
obstructed by sun glare

The windshield glass is fogged up;
a clear view of the road is obstruct-
ed



The adverse road conditions cause
excessive vehicle vibrations while
driving

The sensor recognition changes
suddenly when passing over a
speed bump

You are on a roundabout

When the pedestrian suddenly
interrupts in front of the vehicle
When there is any other electro-
magnetic interference

When the construction area, rail or
other metal object is near the
cyclist

A WARNING

¢ Do not use the Forward
Collision Avoidance Assist
(FCA) system when towing a
vehicle. Application of the
FCA system while towing may
adversely affect the safety of
your vehicle or the towing
vehicle.

Use extreme caution when the
vehicle in front of you has
cargo that extends rearward
from the cab, or when the
vehicle in front of you has
higher ground clearance.

The FCA system is designed
to help detect and monitor the
vehicle ahead to help detect a
pedestrian in the roadway
through radar signals and
camera recognition. It is not
designed to detect bicycles,
motorcycles, or smaller
wheeled objects such as lug-
gage bags, shopping carts, or
strollers.

* Never try to test the operation
of the FCA system. Doing so
may cause severe injury or
death.

@ Information

In some instances, the FCA system
may be canceled when subjected to
electromagnetic interference.

@ nformation

This device complies with Part 15 of

the FCC rules.

Operation is subject to the following

two conditions:

1. This device may not cause harmful
interference.

2. This device must accept any inter-
ference received, including interfer-
ence that may cause undesired
operation.
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APPENDIX C

Run Log
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Subiject Vehicle:

Adult Pedestrian Test Mannequin:

Child Pedestrian Test Mannequin:

Forward Obstructing Vehicle:

Rear Obstructing Vehicle:

Run Log for Daytime Tests

2020 Hyundai Palisade SEL FWD Test Date: 8/25/2020
Articulated 4A Adult Test Driver: N. Watanabe
Articulated 4A Child

1999 Honda Accord

2012 Toyota Highlander

R Test SV Lighting | Valid FCW M!nimum Speet_j Peak | PAEB | Contact/No
un Type Speed Condition | Run? TTC | Distance | Reduction | Decel | TTC Contact Notes
(km/h) (s) (m) (km/h) (9) (sec) (NC)
1 Static
2 Y [106| 1.96 16.1 107 | 0.79 NC Iairﬁctasu%r;gloer issue
3 Y 1.16 2.02 16.2 1.05 0.85 NC
4 | Sta 16 Day Y [o093| 201 15.8 1.07 | 0.79 NC
5 Y 1.14 2.23 16.3 1.07 0.84 NC
6 Y 1.02 1.92 15.7 1.06 0.81 NC
7 Y 0.48 0.00 10.1 1.06 0.35 Contact No video
8 Y 1.06 1.77 39.8 1.14 0.87 NC
9 S1a 40 Day Y 1.26 2.39 39.7 1.14 0.99 NC
10 Y 1.08 2.02 40.3 1.13 0.90 NC
11 Y 0.65 0.00 18.7 1.04 0.52 Contact
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Run .-II.-;:; Spse\:ad CL;%Ztiit?c?n Xﬂ:‘,’, I':I'(':I"(’.‘.v g:::rannl::rg Restﬁjecet(ijon I;’ee::I P1"6"I'ECB C%T:tcattl:r:o Notes
(km/h) (s) (m) (km/h) (g) | (sec) (NC)
12 | Static
13 Y 1.58 2.22 15.9 1.12 0.89 NC
14 Y 1.35 2.07 16.2 1.10 0.81 NC
15 | S1b 16 Day Y 1.43 1.98 16.1 1.10 0.78 NC
16 Y 1.35 1.97 16.1 1.12 0.78 NC
17 Y 1.38 215 16.0 1.18 0.85 NC
23 Y 1.42 2.43 19.7 1.05 0.84 NC
24 Y 1.52 2.48 20.0 1.04 0.85 NC
25 | S1b 20 Day Y 1.51 2.56 20.0 1.05 0.86 NC
26 Y 1.40 2.46 19.8 1.03 0.85 NC
27 Y 1.41 2.51 19.9 1.03 0.88 NC
28 Y 1.51 3.25 30.0 1.13 1.01 NC
29 Y 1.42 3.33 30.0 1.08 0.99 NC
30 | S1b 30 Day Y 1.40 3.04 30.0 1.06 1.00 NC
31 Y 1.35 3.33 29.8 1.14 1.01 NC
32 Y 1.52 3.55 29.9 1.06 1.07 NC
18 Y 0.81 0.00 37.8 1.07 0.69 NC
19 Y 0.99 2.15 40.3 1.13 0.87 NC
20 | S1b 40 Day Y 1.16 2.9 40.1 1.02 0.99 NC
21 Y 1.24 1.98 39.5 1.15 1.03 NC
22 Y 1.29 1.41 39.6 1.09 0.94 NC
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SV L. ., | FCW [ Minimum Speed Peak | PAEB | Contact/No
Run .-II.- es; Speed CL;?!Ztilt?c?n Xﬁlr:"j? TTC | Distance | Reduction | Decel TTC Contact Notes
YPE | (km/h) 1 (s (m) (km/h) (@ | (sec) | (NC)
36 Y 0.86 0.00 33.6 1.06 0.73 Contact
37 Y 0.81 0.00 28.3 1.08 0.66 Contact
S1b 45 Day
38 Y 1.17 0.57 447 1.08 0.88 NC
39 Y 0.71 0.00 23.8 1.04 0.61 Contact
33 Y 0.59 0.00 15.3 1.03 0.47 Contact
34 S1b 50 Day Y 0.58 0.00 13.3 1.04 0.45 Contact
35 Y 0.43 0.00 0.5 0.10 Contact No AEB
40 | Static
41 Y 1.31 1.66 15.7 1.01 0.72 NC
42 Y 1.50 2.07 15.8 1.08 0.83 NC
43 S1c 16 Day Y 1.47 1.91 15.8 1.10 0.78 NC
44 Y 1.74 1.94 16.1 1.10 0.82 NC
45 Y 1.53 2.07 16.1 1.11 0.83 NC
51 Y 1.29 3.19 34.7 1.13 0.99 NC
52 Y 1.65 3.32 35.1 1.15 1.05 NC
53 N PTM lateral error
S1c 35 Day
54 Y 1.60 2.96 34.8 1.16 1.06 NC
55 Y 1.54 2.80 354 1.15 1.05 NC
56 Y 1.59 2.84 35.3 1.08 1.06 NC
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Run .-II.-;:; Spse\:ed CL;%Ztiit?c?n Xﬁlr:"j? I':I'(':I"(’.‘.v g:::rannl::rg Restﬁjecet(ijon I;’ee::I P1"6"I'ECB C%T:tcatcl:r:o Notes
(km/h) (s) (m) (km/h) (g) | (sec) (NC)
46 Y 0.73 0.00 26.2 1.01 0.62 Contact
47 Y 1.32 2.28 39.8 1.13 1.02 NC
48 | Sic 40 Day Y 1.60 0.00 14.5 0.64 0.90 Contact
49 Y 1.35 2.27 39.8 1.15 0.98 NC
50 Y 0.64 0.00 9.1 1.01 0.31 Contact
150 Y 0.85 1.83 15.5 1.16 0.71 NC
151 Y 0.46 0.25 16.2 1.07 0.36 NC
152 | S1d 16 Day Y 0.41 0.00 8.6 1.08 0.26 Contact
153 Y 0.69 1.08 15.8 1.1 0.55 NC
154 Y 1.05 1.48 16.1 1.06 0.70 NC
159 Y 1.04 2.25 20.3 1.05 0.80 NC
160 Y 0.92 212 19.8 1.02 0.78 NC
161 | S1d 20 Day Y 1.05 2.01 20.0 1.05 0.75 NC
162 Y 0.83 1.89 19.9 1.04 0.72 NC
163 Y 1.04 2.27 20.1 1.04 0.81 NC
164 Y 0.95 2.28 30.2 1.02 0.81 NC
165 Y 0.98 2.52 29.7 1.10 0.82 NC
166 | S1d 30 Day Y 0.95 2.24 29.7 1.06 0.81 NC
167 Y 0.93 1.99 29.5 1.10 0.77 NC
168 Y 0.99 2.63 30.3 1.07 0.87 NC
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SV o . FCW | Minimum Speed Peak | PAEB | Contact/No
Run .-II.- es; Speed CL;?!Ztilt?c?n Xﬁlr:"j? TTC | Distance | Reduction | Decel | TTC Contact Notes
YPE | (km/h) 1 (s (m) (km/h) (@ | (sec) | (NC)
169 Y 0.86 0.11 34.3 1.19 0.63 NC
170 Y 0.86 1.46 34.8 1.21 0.74 NC
171 | S1d 35 Day Y 0.84 0.85 34.9 1.19 0.70 NC
172 Y 0.98 1.14 34.0 1.12 0.75 NC
173 Y 0.99 2.63 34.8 1.17 0.87 NC
174 | Static
155 Y 0.69 0.00 22.2 1.03 0.55 Contact
156 Y 0.66 0.00 18.9 1.02 0.51 Contact
S1d 40 Day
157 Y 0.85 0.41 40.2 1.07 0.73 NC
158 Y 0.56 0.00 12.4 1.01 0.38 Contact
130 | Static
131 N PTM lateral error
132 Y 0.89 0.79 394 1.04 0.76 NC
133 Y 1.04 1.95 41.2 1.04 0.88 NC
S1e 40 Day
134 Y 0.97 1.32 40.5 1.06 0.81 NC
135 Y 0.71 0.00 22.7 1.05 0.58 Contact
136 Y 0.99 0.89 36.4 1.05 0.79 NC
137 Y 1.05 0.89 40.1 1.06 0.84 NC
138 Y 0.98 0.84 429 1.08 0.81 NC
S1e 45 Day
139 Y 0.96 0.52 40.0 1.11 0.78 NC
140 Y 1.00 0.80 40.8 1.10 0.81 NC
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Run .-II.-;;; Spse\:ed CL;%Ztiit?c?n Xﬁlr:"j? I':I'(':I"(’.‘.v g:::rannl::rg Restﬁjecet(ijon I;’ee::I P1"6"I'ECB Cc&rz)t:tc;‘l:r;lo Notes
(km/h) (s) (m) (km/h) (9) (sec) (NC)

141 | ste | 45 Day Yy |o0ss8| 000 401 113 | 0.74 NC PTM leg fell off near

142 Y 0.77 0.00 25.9 1.12 0.64 Contact

143 Y 0.94 -0.13 42.0 1.10 0.80 NC

144 Y 1.03 0.68 41.6 1.10 0.85 NC

145 Sle >0 Day Y 0.85 0.00 36.1 1.1 0.73 Contact

146 N PTM lateral error

147 Y 0.83 0.00 31.9 1.10 0.71 Contact

148 | Static

149 | Static

57 | Static

58 Y 0.82 0.00 14.2 0.74 0.71 N/A

59 Y 0.98 0.00 10.4 0.58 0.84 N/A

60 S1f 40 Day Y 1.34 0.00 13.2 0.63 1.03 N/A

61 Y 1.21 0.00 5.0 0.22 0.88 N/A

62 Y 0.78 0.00 4.2 0.26 0.63 N/A

63 N PTM lateral error

64 N PTM lateral error

S1g 40 Day
65 N SV lateral
66 N PTM lateral error
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SV C - .. | FCW | Minimum Speed Peak | PAEB | Contact/No
Run .-II.- es; Speed CL;?!Ztilt?c?n Xﬁlr:"j? TTC | Distance | Reduction | Decel | TTC Contact Notes

YP€ | (km/h) 1 (s) (m) (km/h) (@ | (sec) (NC)
67 Y 0.00 0.3 0.00 N/A No warning
68 N SV lateral
69 Y 0.79 0.00 0.1 0.01 N/A

S1g 40 Day
70 Y 0.00 0.3 0.01 N/A No warning
71 Y 1.31 0.00 0.8 0.01 N/A
72 Y 0.00 0.0 0.01 N/A No warning
73 | Static Day
74 Y 1.58 2.38 16.1 1.15 0.90 NC
75 Y 1.64 2.48 16.4 1.11 0.94 NC
76 | S4da 16 Day Y 0.87 1.83 15.8 1.05 0.73 NC
77 Y 1.59 2.59 16.0 1.13 0.94 NC
78 Y 1.61 2.44 16.1 1.10 0.90 NC
85 Y 1.66 2.86 35.5 1.06 1.09 NC No warning, no AEB
86 Y 1.59 3.27 35.3 1.14 1.06 NC SV speed
87 | S4a 35 Day Y 1.58 3.06 35.1 1.06 1.08 NC No warning, no AEB
88 Y 1.66 3.01 35.3 1.11 1.07 NC
89 Y 1.41 2.96 35.1 1.11 1.05 NC
79 Y 0.00 0.4 0.01 Contact No warning, no AEB
80 N SV speed

S4a 40 Day :

81 Y 0.00 0.4 0.06 Contact No warning, no AEB
82 Y 1.37 2.89 39.3 1.04 1.01 NC
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SV L. ., | FCW [ Minimum Speed Peak | PAEB | Contact/No
Run .-II.- es; Speed CL;?!Ztilt?c?n Xﬁlr:"j? TTC | Distance | Reduction | Decel | TTC Contact Notes
YP€ | (km/h) “1 (s) (m) (km/h) (@) | (sec) (NC)
83 Y 1.68 2.34 40.8 1.05 1.07 NC
S4a 40 Day
84 Y 1.51 0.00 8.5 0.25 1.04 Contact
90 | Static
91 Y 1.60 2.26 16.0 1.06 0.89 NC
92 N Throttle release
93 Y 1.66 1.65 15.8 1.01 0.75 NC
S4b 16 Day
94 Y 1.51 2.99 16.6 0.76 1.07 NC
95 Y 1.64 2.18 15.8 1.06 0.86 NC
96 Y 1.50 2.37 15.3 1.00 0.91 NC
97 Y 1.59 0.00 9.8 0.23 1.13 Contact
98 Static run
PTM facing wrong
99 N direction
100 | S4b 40 Day Y | 152 242 39.7 117 | 1.04 NC
101 Y 1.53 2.22 40.3 1.05 0.97 NC
102 Y 1.62 2.85 40.8 1.16 0.97 NC
103 Y 1.45 2.81 40.2 1.06 1.00 NC
104 Y 0.87 0.00 35.8 1.08 0.73 Contact Not a test condition
105 N SV lateral error
S4b 45 Day
106 Y 1.55 2.50 45.0 1.12 1.13 NC Not a test condition
107 Y 1.47 2.48 453 1.11 1.08 NC Not a test condition
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Run .-II.-;:; Spse\:ed CL;%Ztiit?c?n Xﬁlr:"j? I':I'(':I"(’.‘.v g:::rannl::rg Restﬁjecet(ijon I;’ee::I P1"6"I'ECB C%T:tcatcl:r:o Notes
(km/h) (s) (m) (km/h) (9) (sec) (NC)

108 Y 1.47 2.46 44 .4 1.12 1.01 NC Not a test condition

109 S4b 4 Day Y 1.57 2.36 45.0 1.13 1.06 NC Not a test condition

110 Y 1.54 1.89 49.8 1.1 0.96 NC Not a test condition

111 | S4b 50 Day Y 1.43 2.60 50.1 1.13 1.07 NC Not a test condition

112 Y 1.54 2.37 50.0 1.13 1.07 NC Not a test condition

113 | Static Day

114 Y 1.47 0.98 16.2 1.09 0.57 NC

115 Y 1.63 2.7 16.4 1.13 1.13 NC

116 | S4c 16 Day Y 1.69 1.55 16.2 1.13 0.83 NC

117 Y 1.55 212 16.6 1.12 0.95 NC

118 Y 1.67 1.30 16.3 1.17 0.75 NC

122 Y 1.57 3.39 34.5 1.06 1.04 NC

123 N GPS Antenna fell off

124 Y 1.59 3.99 35.2 1.09 1.1 NC

125 | S4c 35 Day Y 1.53 3.88 35.2 1.05 1.05 NC

126 Y 1.56 3.02 34.6 1.05 1.08 NC

127 N SV yaw

128 Y 1.63 3.22 35.6 1.05 1.06 NC

129 | Static Day

119 Y 0.00 0.5 0.01 Contact No warning, No AEB

120 s4c 40 Day Y 0.00 -0.1 0.04 Contact No warning, No AEB
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SV S . | FCW [ Minimum Speed Peak | PAEB | Contact/No
Run .-II.- es; Speed CL;?!Ztilt?c?n Xﬁlr:"j? TTC | Distance | Reduction | Decel | TTC Contact Notes
YPE | (km/h) “1 (s) (m) (km/h) (@ | (sec) (NC)
121 | S4c 40 Day Y 1.06 0.00 1.2 0.04 Contact No warning, No AEB

C-11




Subject Vehicle:

Adult Pedestrian Test Mannequin:
Child Pedestrian Test Mannequin:
Forward Obstructing Vehicle:

Rear Obstructing Vehicle:

Run Log for Nighttime Tests

2020 Hyundai Palisade SEL FWD Test Date: 8/24/2020
Articulated 4A Adult Test Driver:  S. Rhim
Articulated 4A Child

1999 Honda Accord

2012 Toyota Highlander

SV L . FCW [ Minimum Speed Peak | PAEB | Contact/No

Run _;_I' es; Speed CLt;?\Ztilt?gn ler:g TTC Distance | Reduction | Decel | TTC Contact Notes

YP® | (km/h) “I (s) (m) (km/h) (9) | (sec) (NC)
72 Y 1.10 1.61 15.8 1.12 0.70 NC
73 Y 1.08 0.00 2.0 0.06 Contact No AEB
74 Y 1.25 1.32 16.3 1.16 0.63 NC
75 S1b 16 High Y 1.05 1.42 16.1 113 | 0.65 NC

PTM lateral

76 N error
77 Y 1.21 1.49 16.1 1.17 0.67 NC
83 Y 1.21 1.75 20.0 1.08 0.73 NC
84 Y 1.20 1.81 20.1 1.10 0.73 NC
85 N PTM lateral

S1b 20 High error
86 Y 1.26 1.68 19.6 1.09 0.70 NC
87 Y 1.22 1.44 19.7 1.11 0.64 NC
88 Y 1.20 1.58 20.4 1.12 0.68 NC
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SV L . FCW [ Minimum Speed Peak | PAEB | Contact/No
Run _;_I' es: Speed CLt;?\Ztilt?gn Xﬂ:‘,’, TTC Distance | Reduction | Decel | TTC Contact Notes
YP® | (km/h) “1 (s) (m) (km/h) (@ | (sec) (NC)
94 Y 1.18 1.74 30.3 1.14 0.77 NC
95 Y 1.08 1.71 30.0 1.14 0.75 NC
96 S1b 30 High Y 1.29 2.22 29.9 1.14 0.85 NC
97 Y 1.18 1.88 30.2 1.12 0.81 NC
98 Y 1.23 1.99 29.9 1.15 0.82 NC
104 Y 0.91 0.12 39.6 1.17 0.71 NC
105 Y 1.04 1.13 40.4 1.11 0.80 NC
106 N SV yaw
S1b 40 High
107 Y 1.08 0.84 40.2 1.16 0.78 NC
108 Y 1.16 1.14 40.4 1.12 0.79 NC
109 Y 0.92 0.82 40.7 1.12 0.74 NC
113 Y 0.77 0.00 21.3 1.03 0.55 Contact
114 Y 0.56 0.00 13.6 1.03 0.42 Contact
S1b 45 High PTM leg not
115 N moving. Data
dropouts
116 Y 0.66 0.00 6.4 0.43 0.49 Contact
117 Static High
118 Static
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SV o . FCwW Minimum Speed Peak | PAEB | Contact/No
Run _;_I' es: Speed CLt;?\Ztilt?gn Xﬂ:‘,’, TTC Distance | Reduction | Decel | TTC Contact Notes
YPE 1 (kmih) 1 (m) (km/h) | (9) | (sec) (NC)
147 Y 0.58 0.61 16.0 1.09 0.44 NC
148 Y 0.46 0.02 16.3 1.05 0.33 NC
149 S1d 16 High Y 0.27 0.00 1.8 0.51 0.08 Contact
150 Y 0.17 0.00 0.3 0.14 Contact No AEB
151 Y 0.47 0.23 16.0 1.02 0.36 NC
No warning,
155 Y 0.00 0.0 0.00 Contact No AEB
156 S1d 20 High Y 0.16 0.00 0.9 0.28 | 0.03 Contact
157 Y 0.39 0.00 8.4 1.03 0.27 Contact
No warning,
161 Y 0.00 0.5 0.00 Contact no AEB
. No warning,
162 S1d 40 High Y 0.00 0.6 0.02 Contact no AEB
No warning,
163 Y 0.00 0.3 0.02 Contact no AEB
164 Static High
125 Y 0.38 0.00 6.8 0.87 0.22 Contact
126 Y 0.63 0.00 18.8 1.04 0.50 Contact
127 S1e 40 High Y 1.02 0.73 39.5 1.17 0.75 NC
128 Y 0.81 0.03 39.8 1.10 0.68 NC
129 Y 0.94 0.49 40.5 1.15 0.77 NC
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SV . .- . FCW | Minimum Speed Peak | PAEB | Contact/No
Run _;_I' es: Speed CLt;?\Ztilt?gn Xﬁlr:"j? TTC Distance | Reduction | Decel | TTC Contact Notes
YPE 1 (kmih) 1 ® (m) (kmh) | () | (sec) | (NC)
130 Y 0.94 0.00 35.1 1.13 0.72 Contact
131 Y 0.82 0.00 28.6 1.06 0.65 Contact
132 Ste 4% High N PTM lateral
error
133 Y 0.86 0.00 31.2 1.06 0.69 Contact
7 Y 1.43 1.67 15.8 1.07 0.73 NC
8 Y 1.38 1.72 15.9 1.10 0.77 NC
9 S4a 16 High Y 1.50 1.88 16.1 1.09 0.77 NC
10 Y 1.34 1.76 15.5 1.08 0.74 NC
11 Y 1.35 1.71 16.8 1.10 0.73 NC
22 Y 1.26 1.59 34.9 1.04 0.77 NC
SV lateral
23 N error
No warning,
24 s4a 35 High Y 0.00 0.2 0.01 Contact ) o AEB
o warning,
25 Y 0.00 0.4 0.06 Contact no AEB
62 Y 1.32 2.13 35.0 1.13 0.94 NC
63 Y 1.41 1.92 35.0 1.07 0.84 NC
64 Static
12 N SV speed
13 | saa | 40 High Y 0.00 0.5 0.03 Contact | "NOWaming
No warning,
14 Y 0.00 0.2 0.00 Contact no AEB
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SV L . FCW [ Minimum Speed Peak | PAEB | Contact/No
Run _;_I' es: Speed CLt;?\Ztilt?gn Xﬂ:‘,’, TTC Distance | Reduction | Decel | TTC Contact Notes
YPE | (km/h) “I (s) (m) (km/h) (@) | (sec) (NC)
31 Y 1.43 0.69 16.7 1.11 0.49 NC
32 Y 0.88 0.86 15.3 1.11 0.55 NC
33 S4c 16 High Y 1.26 1.33 16.9 1.08 0.71 NC
34 Y 1.31 0.00 3.7 0.48 0.09 Contact
35 Y 1.34 1.81 16.1 1.10 0.85 NC
SV lateral
40 N error
SV lateral
41 N error, SV
speed
42 N SV speed
43 Y 1.49 3.48 39.7 1.15 0.96 NC
S4c 40 High No warning,
44 Y 0.00 0.8 0.02 Contact no AEB
45 N SV speed
46 Y 1.61 3.53 40.0 1.13 1.01 NC
47 Y 1.60 3.48 39.7 1.19 1.02 NC
No warning,
48 Y 0.00 0.0 0.02 Contact no AEB
No warning,
49 Y 0.00 0.6 0.03 Contact no AEB
No warning,
50 Y 0.00 -0.2 0.00 Contact no AEB
51 S4c 45 High Y 0.81 0.11 44.8 114 | 0.65 NC
Leg not
52 N working
53 Y 0.91 0.00 0.0 0.01 Contact No AEB
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Run _;_I';:: Spstxad CL;?\Ztiit?gn Xﬂ:‘,’, I':I'(':I"(’.‘.v I\[I;:r;;;n n'vlcrc.'a1 Restﬁjecet(ijon DP:;I: | I:"I"o"I'IEEB C%r;t:tcat(l:r;lo Notes
(km/h) (s) (m) (km/h) (9) (sec) (NC)
65 Static
66 Y 1.17 1.25 16.0 1.09 0.64 NC
67 Y 1.21 1.39 15.9 1.12 0.67 NC
68 Y 1.15 1.48 16.2 1.08 0.68 NC
69 s1b 10 Low Y 1.27 1.52 15.7 1.14 0.71 NC
70 N PTM error
71 Y 1.22 1.45 16.3 1.13 0.65 NC
78 Y 1.24 2.08 19.9 1.12 0.79 NC
79 Y 1.21 1.68 19.6 1.12 0.67 NC
80 S1b 20 Low Y 1.05 1.92 20.2 1.13 0.75 NC
81 Y 1.18 213 20.0 1.09 0.77 NC
82 Y 1.25 1.71 20.3 1.10 0.71 NC
89 Y 1.05 0.95 30.2 1.14 0.66 NC
90 Y 1.21 1.86 29.6 1.14 0.77 NC
91 S1b 30 Low Y 1.23 1.83 30.1 1.14 0.77 NC
92 Y 1.15 1.61 29.9 1.08 0.85 NC
93 Y 1.32 2.07 29.9 1.19 0.82 NC
99 Y 1.13 1.30 40.4 1.19 0.81 NC
100 Y 1.16 1.51 40.5 1.16 0.84 NC
101 S1b 40 Low Y 1.14 1.59 40.5 1.16 0.84 NC
102 Y 0.70 0.00 25.2 1.08 0.59 Contact
103 Y 0.72 0.00 261 1.04 0.60 Contact
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Run .;.r;:: Spse\:ad CL;?mztiit?gn Xﬁlr:"j? I':I'(':I"(’.‘.v I\Ig:g;;nnucr: Restﬁjecet(ijon DP:;I:I I:"I"o"I'IEEB C%r;t:tcat(l:r;lo Notes
(km/h) (s) (m) (km/h) (@) | (sec) (NC)
110 Y 0.88 0.00 24.9 1.06 | 0.60 Contact
111 S1b 45 Low Y 0.51 0.00 11.7 1.07 | 0.36 Contact
112 Y 0.42 0.00 7.4 1.01 | 0.26 Contact
141 Y 0.47 0.25 15.8 112 | 0.37 NC
142 Y 0.52 0.41 16.2 1.10 | 0.41 NC
PTM lateral
143 S1q 16 Low N error
144 Y 0.41 0.05 16.3 1.09 | 0.32 NC
145 Y 0.49 0.21 16.0 1.01 | 0.36 NC
146 Y 0.55 0.52 16.0 110 | 0.43 NC
152 Y 0.23 0.00 1.5 0.49 0.08 Contact
153 S1d 20 Low Y 0.18 0.00 1.1 041 | 0.07 Contact
154 Y 0.45 0.00 11.4 1.03 0.31 Contact
Y 0.29 0.00 3.4 0.68 | 0.16 Contact
150 | s1d | 40 Low Y 0.00 0.2 0.03 Contact | MO Warming
160 Y 0.04 0.00 0.2 0.02 Contact No AEB
134 Y 0.95 0.96 34.9 115 | 0.72 NC
135 N PThéIrlritlfaral
136 Ste 35 Low Y 0.61 0.00 17.1 1.05 | 0.45 Contact
137 Y 0.70 0.00 23.7 1.05 | 0.52 Contact
138 Y 0.95 0.19 33.9 1.03 | 0.65 NC
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SV L . FCW [ Minimum Speed Peak | PAEB | Contact/No
Run _;_I' es: Speed CLt;?\Ztilt?gn Xﬁlr:"j? TTC Distance | Reduction | Decel | TTC Contact Notes
YPE | (km/h) “I (s) (m) (km/h) (@) | (sec) (NC)
139 Static
140 Static
119 Static
PTM cleared
120 N before zero
headway
121 Y 0.61 0.00 17.1 1.07 0.48 Contact
122 | Sle | 40 Low Y | o096 0.49 405 112 | 0.73 NC
123 N PTM lateral
error
124 Y 0.73 0.00 23.5 1.09 0.56 Contact
1 Static
2 Y 1.40 1.91 15.4 1.19 0.77 NC
3 Y 1.35 2.02 15.3 1.14 0.84 NC
4 S4a 16 Low Y 1.45 1.90 15.9 1.15 0.79 NC
5 Y 1.40 1.66 15.3 1.13 0.74 NC
6 Y 1.46 1.97 154 1.10 0.82 NC
No warning,
19 Y 0.00 0.5 0.02 Contact no AEB
S4a 35 Low B No warning,
20 Y 0.00 0.4 0.01 Contact no AEB
21 Y 0.62 0.00 18.2 1.05 0.47 Contact
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Run _;_I';:: Spstxad CL;?\Ztiit?gn Xﬂ:‘,’, I':I'(':I"(’.‘.v I\gzggnnucr: Restﬁjecet(ijon DP:;I:I I:"I"o"I'IEEB C%r;t:tcat(l:r;lo Notes
(km/h) (s) (m) (km/h) (9) | (sec) (NC)
15 N SV speed
16 N SVeIraré?ral
e o Y 0.00 0.1 0.06 Contact | 'NOWarmning,
' ' ' no AEB
18 N SV speed
26 Y 1.25 0.19 16.3 1.09 0.30 NC
27 Y 1.67 1.63 16.5 1.09 0.91 NC
28 S4dc 16 Low Y 1.40 2.06 15.9 1.13 0.97 NC
29 Y 1.51 0.86 16.1 1.11 0.56 NC
30 Y 1.59 1.74 16.3 1.11 0.87 NC
54 N Lat error
55 S4dc 35 Low N Lat error
56 Y 0.00 0.3 0.04 Contact | "NOWaming
57 Static
58 Y 0.87 1.64 35.3 1.07 0.73 NC
59 Y 1.09 2.88 354 1.06 0.90 NC
60 | cso | a5 Low 0.00 0.8 0.05 Contact | MO Warmng.
No warning,
61 Y 0.00 0.6 0.01 Contact | JOAED aert
impact
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SV L . FCW [ Minimum Speed Peak | PAEB | Contact/No
Run _;_I' es: Speed CLt;?\Ztilt?gn Xﬁlr:"j? TTC Distance | Reduction | Decel | TTC Contact Notes
YPE | (km/h) “I (s) (m) (km/h) (@) | (sec) (NC)
No warning,
36 Y 0.00 0.2 0.05 Contact no AEB
No warning,
no AEB,
37 Y 0.00 0.1 0.03 Contact warning
S4c 40 Low occurred after
contact
SV lateral
38 N error
No warning,
39 Y 0.00 0.2 0.00 Contact no AEB
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Time History Plot Description

A set of time history plots is provided for each valid run in the test series. Each set of plots comprises time varying data
from both the Subject Vehicle (SV) and the Pedestrian Test Mannequin (PTM), as well as pass/fail envelopes and
thresholds. The following is a description of data types shown in the time history plots, as well as a description of the
color codes indicating to which vehicle the data pertain.

Time history figures include the following sub-plots:

FCW Warning — Displays the audible Forward Collision Warning alert. The alert data are filtered, rectified, and
normalized. The vertical scale is 0 to 1.

A vertical black bar on the plot indicates the TTC (sec) at the first moment of the warning issued by the FCW
system. The FCW TTC is displayed to the right of the subplot in green.

Headway (m) — Longitudinal separation (gap) between the front-most point of the SV and the PTM as defined
by a rectangle. The minimum headway during the run is displayed to the right of the subplot.

If no impact occurs, a green circle is displayed at the moment of minimum headway distance. If impact occurs,
a red asterisk is displayed at the moment of impact and the word “Contact” is displayed in red. Additionally,
along the time history data for the headway, the line is marked in bold if the PTM is within the forward path of
the SV, and it is thin if the PTM is outside of the forward path of the SV.

SV/PTM Speed (km/h) — Speed of the SV and PTM (if any). The speed reduction experienced by the SV is
displayed to the right of the subplot. The tolerance for SV speed is £1.0 km/h (required until the FCW alert is
given). Note that there is no tolerance for PTM speed because PTM motion validity is a function of SV
longitudinal position.

Yaw Rate (deg/sec) — Yaw rate of the SV. Its tolerance is +1.0 deg/sec (required until there is PAEB system
braking).

Lateral Error (m) — For both the SV and PTM, Lateral Error is measured in the reference frame of the lane of
travel. Note that for crossing (S1) test scenarios, Lateral Error for the PTM is the same as Longitudinal Error in
its reference frame.



For the SV, lateral error is defined to be the lateral distance between the centerline of the SV and the center of
the lane of travel. Its tolerance is +0.20 m.

For the PTM in longitudinal (S4) test scenarios, the lateral error is defined to be the distance between the
centerline of the PTM and its associated defined lateral position in the lane of travel. Its tolerance is £0.18 m

For the PTM in crossing (S1) test scenarios, the lateral error is defined to be the distance between the centerline
of the PTM and its prescribed lateral position across the lane of travel as calculated by the defined SV longitudinal
position and impact profiles provided by the test procedure. Its tolerance is £0.18 m

e Ax (g) — Longitudinal acceleration of the SV. A dashed line is displayed at -0.15 g, which is used as the
threshold to indicate PAEB braking. When the SV’s Ax crosses this threshold, this indicates the moment of first
PAEB system braking. The TTC (sec) at first PAEB system braking is calculated and displayed to the right of
the subplot, in green. Also, the peak value of Ax for the SV is shown on the subplot.

e Pedal Positions — Normalized positions of the accelerator pedal and brake pedal. As the brake pedal is only a
contact switch; the position reading will either be 0 (off) or a 1 (on). A red “Brk” (indicating test invalidity) will
appear to the right of the plot if the brake pedal was applied at any time during the run. The accelerator pedal is
normalized, such that throttle off equals zero and wide-open throttle equals one. The throttle is required to be off
starting 0.5 sec after an audible FCW alert is provided.

Envelopes and Thresholds

Some of the time history plot figures contain either green envelopes and/or black threshold lines. These envelopes and
thresholds are used to programmatically and visually determine the validity of a given test run. Envelope and threshold
exceedances are indicated with either red shading or red asterisks, and red text is placed to the right side of the plot
indicating the type of exceedance. Such exceedances indicate either that the test was invalid or that there was contact
between the SV and PTM.

For plots with green envelopes, in order for the test to be valid, the time-varying data must not exceed the envelope
boundaries at any time. Exceedances of a green envelope are indicated by red shading in the area between the
measured time-varying data and the envelope boundaries.

Color Codes
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Color codes have been adopted to easily identify which data correspond to which vehicle, as well as to indicate the
types of envelopes and thresholds used in the plots.

Color codes can be broken into four categories:
1. Time-varying data color codes:

e Blue =SV data
e Magenta = PTM data
e Brown = Relative data between SV and PTM (i.e., headway distance)

2. Validation envelope and threshold color codes:
e Green envelope = time varying data must be within the envelope at all times in order to be valid
e Black threshold (Dashed) = for reference only — this can include warning level thresholds, TTC thresholds,
and acceleration thresholds

3. Individual data point color codes:

e Green circle = passing or valid value at a given moment in time
e Red asterisk = failing or invalid value at a given moment in time

4. Text color codes:

e Green = passing or valid value
e Red = failing or invalid value



Other Notations

Contact — Indicates that contact was made between the SV and PTM.

ENV - Indicates that the value for that variable was outside of its specified validity envelope.
NG — Indicates that the value for that variable was outside of bounds and therefore “No Good”.
No Wng — No warning was detected.

PTM — Indicates that the value for the Pedestrian Test Mannequin was out of bounds.

SV - Indicates that the value for the Subject Vehicle was out of bounds.

SR — Shows the speed reduction value.

Thr — Indicates that the requirements for the throttle were not met.

The minimum (worst) GPS fix type is displayed in the lower right corner of each page. The only valid fix type is RTK fixed
(displayed in green). If the fix type during any portion of the test was anything other than RTK fixed, then “RTK Fixed OR
LESS!!” is displayed in red.

Examples of time history plots for each test type (including passing, failing and invalid runs) are shown in Figures D1
through Figure D5. Figures D1 and D2 show typical passing and failing runs. Figures D3 through D5 show examples of
invalid runs. Time history data plots for the tests of the vehicle under consideration herein are provided beginning with
Figure DG6.

The test reported herein is one of a series of research and development tests accomplished for the purpose of refining
test procedures, protocols, and specifications, as well as data analysis parameters and presentation methods that are
preliminarily described in NHTSA ‘s test procedure titled, “Pedestrian Automatic Emergency Brake System Confirmation
Test (Working Draft)”, dated September 2019 (Docket NHTSA-2019-0102-0005). Some of these procedural details
changed over the course of the test series in order to address unanticipated concerns or ambiguities, and also in
recognition of the different characteristics of AEB implementation by the various manufacturers. In particular, the
threshold for determining the onset of PAEB braking was originally set at -0.15 g, and subsequently changed to -0.03 g
later in the series. As a result, some of the results indicate the earlier threshold and some the later. The results
presented herein are for the -0.15 g threshold.
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Figure D12. Time History for PAEB Run 8, S1a, Daytime, 40 km/h
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D-27



SVIPTM

Lateral

Pedal

PAEB Test: Walking Adult Nearside at 50%, SV 16 km/h (S1b)
PalisadePAEBday-013
I

T
=2 " Audible = c:
E 20-5: Visual || _ _ o O w
Z o | L -
= 20 T T T c
—
= - I
k=l - T -
g 510 —_— ol
T 0 1 | 1 ’ (o]
£
5 =20F ! ! 1 E
= .0 sv — |
n = PTM I— - (o7}
o— ' — ' ~ 4 w©
-—
— 2 T T
L5 _
T @ - T
al @
]
>=, L L
0.4 T T
SE
5 <
-04 ' I
OE - - - - - —-————-——_F----——————= e 1m »
—_ L \\“\ Wl o
é 9_05 “\H\ < ['s]
. i
_']— | P . ] ﬂ. Q
[ I I
& =02 Throttle -
= o 01k Brake -
a2
o 0 I | = I N
0 1 2 3 4
Time (sec)

GPS Fix Type: RTK Fixed

Figure D16. Time History for PAEB Run 13, S1b, Daytime, 16 km/h

D-28



SVIPTM

Lateral

Pedal

PAEB Test: Walking Adult Nearside at 50%, SV 16 km/h (S1b)
PalisadePAEBday-014
I

o 1 X — (/)]
% g 05l Alud|ble a g wn
Q 5USL Visual || _ _ O m
= oF QU -
§ 20%—2\ £
S E10- A~
S E0 e
I ! | T — ~
£
' 1, €
T = —
B 2 PTM — o N «~
0 | " _ m
-—
g2” —
o _.% | _,_.__/ ~
z 20 7
al @
> 2
-2
0.4
g
5 <
-04
] — Y —————_ - ——— :‘_—::: ______ 1m »
% 505 L 12 %
1E Peak SV Ax: -1 mg\l/ 10 ©
w
& =02 Throttle -
= S0k Brake —
o ]
o 0 | | - | | N
0 1 2 3 4

Time (sec)

GPS Fix Type: RTK Fixed

Figure D17. Time History for PAEB Run 14, S1b, Daytime, 16 km/h

D-29



SVIPTM

Lateral

Pedal
Positions

FCW
Warning
<
[ )

Headway
(m)
= ™
= [

o

20

Error

(m Yaw Rate Speed
o | (deg/sec) (kT"'h)
Bop o N o o

o
.

% 505

—02

—

S 0.1

PAEB Test: Walking Adult Nearside at 50%, SV 16 km/h (S1b)
PalisadePAEBday-015
I

Audible 1= g
Visual | _ _ _ o o o 10 =
: Ju =
I I
_————_—'_‘————_
- =
—_ -
\\\_. o
| | —
=
] S
- £
sV T | x
PTM I ~._ N -
| I . | w0
-
F e - . - __—____——__———. :::Em\ _______ 1m »
JWl oo
\ < M~
Peak SV Ax: -1.10 g—@” 1o o
Throttle —
Brake —
| | I { | ]

|
1 2 3 4

Time (sec)
e eee GPS Fix Type: RTK Fixed
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Figure D27. Time History for PAEB Run 29, S1b, Daytime, 30 km/h
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Figure D28. Time History for PAEB Run 30, S1b, Daytime, 30 km/h
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Figure D34. Time History for PAEB Run 21, S1b, Daytime, 40 km/h
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Figure D36. Time History for PAEB Run 36, S1b, Daytime, 45 km/h
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Figure D45. Time History for PAEB Run 43, S1c, Daytime, 16 km/h
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Figure D56. Time History for PAEB Run 49, S1c, Daytime, 40 km/h
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Figure D57. Time History for PAEB Run 50, S1c, Daytime, 40 km/h
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Figure D63. Time History for PAEB Run 159, S1d, Daytime, 20 km/h
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PAEB Test: Obstructed Running Child Nearside at 50%, SV 20 km/h (S1d)
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Figure D64. Time History for PAEB Run 160, S1d, Daytime, 20 km/h
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Figure D65. Time History for PAEB Run 161, S1d, Daytime, 20 km/h
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Figure D114. Time History for PAEB Run 87, S4a, Daytime, 35 km/h

D-126



Lateral SV/PTM

Error
{m

Pedal
Positions

FCW
Warning
<
[ )

Headway
(m)
N SRR
(=] o e} =

Yaw Rate Speed
(deg/sec) (km/h)
o ra o B

=
= om

o
.

% 505

—02

—

S 0.1

PAEB Test: Stationary Adult Facing Away at 25%, SV 35 km/h (S4a)
PalisadePAEBday-088
I

Audible
Visual

FCW
1.66s

3.01m

PTM

|
SR
35.3 km/h

/
PAEB
1.07 s

- Throttle
- Brake

| | | | | I

1 2 3 4

Time (sec)
e eee GPS Fix Type: RTK Fixed

Figure D115. Time History for PAEB Run 88, S4a, Daytime, 35 km/h

D-127



Lateral SV/PTM

Error
{m

Pedal
Positions

FCW
Warning
<
[ )

Headway
(m)
N SRR
(=] o e} =

Yaw Rate Speed
(deg/sec) (km/h)
o ra o B

=
= om

o
.

% 505

—02

—

S 0.1

PAEB Test: Stationary Adult Facing Away at 25%, SV 35 km/h (S4a)
PalisadePAEBday-089
I

Audible
Visual

FCW
141s

|
|
296 m

|

PTM

35.1 km/h

|
/
N

PAEB
1.05s

- Throttle —
- Brake —

|
0 1 2 3 4

Time (sec)

GPS Fix Type: RTK Fixed

Figure D116. Time History for PAEB Run 89, S4a, Daytime, 35 km/h

D-128



SVIPTM

Lateral

Pedal
Positions

FCW
Warning
<
[ )

E(:;or Y aw Rate Speed Headway
(deg/sec) (km/h) (m)

e, N N

P2 (] ] [aw] [am] = [aw] [aw] [aw]

o
.

% 505

—02

—

S 0.1

PAEB Test: Stationary Adult Facing Away at 25%, SV 40 km/h (S4a)
PalisadePAEBday-079
I I

0.00 m NoWng

sV
PTM

SR

0.4 km/h Contact

- Throttle
~ Brake

1 2 3 4

Time (sec)
e eee GPS Fix Type: RTK Fixed

Figure D117. Time History for PAEB Run 79, S4a, Daytime, 40 km/h

FAIL

D-129



Lateral SV/PTM

Error
{m

Pedal
Positions

FCW
Warning
<
[ )

s
[=)

Headway
(m)
8]
o o

Yaw Rate Speed
(deg/sec) (km/h)

=
= om

o
.

% 505

—02

—

S 0.1

PAEB Test: Stationary Adult Facing Away at 25%, SV 40 km/h (S4a)
PalisadePAEBday-081
I I

0.00 m NoWng

sV
PTM

SR

0.4 km/h Contact

Peak SV Ax: -0.06 g

- Throttle
~ Brake

1 2 3 4

Time (sec)
e eee GPS Fix Type: RTK Fixed

Figure D118. Time History for PAEB Run 81, S4a, Daytime, 40 km/h

FAIL

D-130



SVIPTM

Lateral

Pedal

PAEB Test: Stationary Adult Facing Away at 25%, SV 40 km/h (S4a)
PalisadePAEBday-082

=2 Audible 1z 2
o %05: Visual 10 ™
= of U -
50
& ! =
2 3
g~ 0
T 0 1 == . o
£
40 I I | _ "‘E"
- —
2 E 20l sV {5
n =< PTM N o
0k l ' ' 4 o
™
832 | TN
o ——
T 5
> =5 1 !
0.4 .
SE
5 E
-0.4 '
O . iy S L 1m »
% 305 123
s ! . Peak SV Ax =1.04.g-@" 10 -
h I
5 —0.21 Throttle —
TS0 Brake .
g2
o 0 | I = | | 7
0 1 2 3 4 5
Time (sec)

GPS Fix Type: RTK Fixed

Figure D119. Time History for PAEB Run 82, S4a, Daytime, 40 km/h

D-131



SVIPTM

Lateral

Pedal

PAEB Test: Stationary Adult Facing Away at 25%, SV 40 km/h (S4a)
PalisadePAEBday-083

| I
> 2 T Audible = c:
E EU.S: Visual O
P ) S S = L -
50
| ;
5 € <
g~ )
+ 0 ' O o~
£
40 I — T ] "g
o —
£ %o sV {5 =
n = PTM N o
0 | 1 | | _| [
<
-2 T — 1
— 0-:-—'—__‘—-—-—-——— e \\ —— _
28 "
]
>=, I '
0.4 .
[ - ——
S E
5E
-04 '
0F———— - __ - _—————_—____ft_——-——_= ir;:x'_‘:__{ ______________ 1m »
= nel JW ~
é 2-05 \\ B g O
1 . Peak SV AX: -1.05 g-@ 40~
[ I
& =02 Throttle —
= o0 Brake —
g2
o 0 | I Ir | | I 7
0 1 2 3 4 5
Time (sec)

GPS Fix Type: RTK Fixed

Figure D120. Time History for PAEB Run 83, S4a, Daytime, 40 km/h

D-132



SVIPTM

Lateral

Pedal
Positions

FCW
Warning
<
[ )

E(:;or Y aw Rate Speed Headway
(deg/sec) (km/h) (m)

e, N N

P2 (] ] [aw] [am] = [aw] [am] CJ‘

o
.

% 505

—02

—

S 0.1

PAEB Test: Stationary Adult Facing Away at 25%, SV 40 km/h (S4a)
PalisadePAEBday-084
I

Audible
Visual

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
!
FCW
1.51s

|
0.00 m

sV
PTM

|
SR

8.5 km/h Contact

PAEB
1.04s

- Throttle
~ Brake

| | |

|
1 2 3 4

Time (sec)
e eee GPS Fix Type: RTK Fixed

Figure D121. Time History for PAEB Run 84, S4a, Daytime, 40 km/h

D-133



SVIPTM

Lateral

Pedal

PAEB Test: Stationary Adult Facing Toward at 25%, SV 16 km/h (S4b)
PalisadePAEBday-091
I

|
=2 " Audible = g
E 20-5: Visual || _ _ O ©
N _— N L -
> 20 : . e
=
§EOF 18
T . . —) ~
=
C T T ] ]
2 EZO_ = — o £
2 E10F sV ~—~— e x
n = PTM - N o
0 | | | \ — m
-
@5 2 I I
e S |
=20 7
al @
]
>=, L L
0.4 : :
S E
5
-04 ' I
OE - __ - _________—____E--————Z P ——— 1m »
% 305 N 1< 3
1t | Peak SV Ax: -1.08 g~@~ 10 S
[ I I
& =02 Throttle -
= o0k Brake -
22
o 0 I | 1' | I N
0 1 2 3 4

Time (sec)

GPS Fix Type: RTK Fixed

Figure D122. Time History for PAEB Run 91, S4b, Daytime, 16 km/h

D-134



Lateral SV/PTM

Error
{m

Pedal
Positions

FCW
Warning
<
[ )

N2
(=

PAEB Test: Stationary Adult Facing Toward at 25%, SV 16 km/h (S4b)
PalisadePAEBday-093
I

Audible
Visual

FCW

1.66s

|
1.65 m

Headway
m
o o

)
S

Speed
I‘\.JC:IE

Yaw Rate
(deg/sec)
o

=
= om

o
.

% 505

—02

—

S 0.1

sV
PTM

|
SR
15.8 km/h

",

Peak SV Ax: -1.01 @, -

PAEB
0.75s

- Throttle
- Brake

| | 1

|
1 2 3 4

Time (sec)
e eee GPS Fix Type: RTK Fixed

Figure D123. Time History for PAEB Run 93, S4b, Daytime, 16 km/h

D-135



SVIPTM

Lateral

Pedal

PAEB Test: Stationary Adult Facing Toward at 25%, SV 16 km/h (S4b)
PalisadePAEBday-094
I

=2 " Audible 12 2
E 20-5: Visual || _ _ 70
Z o Ju =
20
§ £
& E41gL 4D
50 &
T 0 9 ol
=
201 ' 1 E
o =
= 0] sv T |
n = PTM ~—_ w0
0 | | | - — m
-
g2’
e E - -__Hﬁ-‘“x —
=90 — §
al @
> 2
-2
0.4
SE
5 <
-04
OE_ _______—_—_= e —————_ R — — ::'\ __________ 1m »
% 5051 \ _— 1~
27 . g o
Peak SV Ax: -0.76 g~@ <
-1 | L e
w
& =02 Throttle -
= S0k Brake —
o = | |
o 0 | | [l | | 7
0 1 2 3 4

Time (sec)

GPS Fix Type: RTK Fixed

Figure D124. Time History for PAEB Run 94, S4b, Daytime, 16 km/h

D-136



Lateral SV/PTM

Error
{m

Pedal
Positions

FCW
Warning
<
[ )

N2
(=

PAEB Test: Stationary Adult Facing Toward at 25%, SV 16 km/h (S4b)
PalisadePAEBday-095
I

Audible
Visual

|
FCW

1.64s

Headway
m
o o

Speed

)

= P

ra o o o

(deg/sec)
o

Yaw Rate

=
= om

|
218 m

sV
PTM

|
SR
15.8 km/h

___________________________________ - :

PAEB
0.86s

Peak SV Ax: -1.06 G-@ =

- Throttle
~ Brake

1 2 3 4

Time (sec)
e eee GPS Fix Type: RTK Fixed

Figure D125. Time History for PAEB Run 95, S4b, Daytime, 16 km/h

D-137



Lateral SV/PTM

Error
{m

Pedal
Positions

FCW
Warning
<
[ )

N2
(=

PAEB Test: Stationary Adult Facing Toward at 25%, SV 16 km/h (S4b)

PalisadePAEBday-096
I

Audible
Visual

FCW
150s

Headway
m
o o

Speed

)

= P

ra o o o

Yaw Rate
(deg/sec)
o

=
= om

o
.

% 505

—02

—

S 0.1

|
2.37m

sV
PTM

|
SR
15.3 km/h

PAEB
091s

AN
Peak SV Ax: -1.00 g0 .

- Throttle
~ Brake

1 2
Time (sec)

|
3 4

GPS Fix Type: RTK Fixed

Figure D126. Time History for PAEB Run 96, S4b, Daytime, 16 km/h

D-138



Lateral SV/PTM

Error
{m

Pedal
Positions

FCW
Warning
<
[ )

s
CD.

Headway
(m)
8]
o o

Yaw Rate Speed
(deg/sec) (km/h)

=
= om

o
.

% 505

—02

—

S 0.1

PAEB Test: Stationary Adult Facing Toward at 25%, SV 40 km/h (S4b)
PalisadePAEBday-097
I

Audible
Visual

|
FCW
159 s

|
0.00 m

sV
PTM

/

9.8 km/h Contact

PAEB
113s

- Throttle
~ Brake

1 2 3 4

Time (sec)
e eee GPS Fix Type: RTK Fixed

Figure D127. Time History for PAEB Run 97, S4b, Daytime, 40 km/h

D-139



SVIPTM

Lateral

Pedal

PAEB Test: Stationary Adult Facing Toward at 25%, SV 40 km/h (S4b)

PalisadePAEBday-100

T T
=2 " Audible = x
E ED.S: Visual O
= of L«
50
3 ' =
s~
% E N
o <
T 0 L Q ™~
=
40 I T T = --E..
: E sV T X x
g2 PTM T N~
0 I — ' - o
™
— 2 | T |
B —
T @ - .
Y —— R \ .
al @
=
> =, ! ! '
0.4 ,
SE
5 <
04 '
0E= — — ! ——— Fen 0
__________________________________ "\—_-_:\______________ m
— L | wd <t
£ 305 \\ - =)
1L | Peak SYAX~1-17-g @ ja -
%] I I
& =02 Throttle -
= o 01k Brake —
a2
o 0 I I b I | N
0 1 2 3 4 5
Time (sec)

Figure D128.

GPS Fix Type: RTK Fixed

Time History for PAEB Run 100, S4b, Daytime, 40 km/h

D-140



SVIPTM

Lateral

Pedal

PAEB Test: Stationary Adult Facing Toward at 25%, SV 40 km/h (S4b)
PalisadePAEBday-101

I I
=2 " Audible = ‘2
E ED.S: Visual O
= of L«
> 50 T c
2E &
SE N
+ 0 . O ™~
=
- 240 : I______%_h 7 E
® F ook sV ~—— |
3 PTM ~—_ N
0 == | i 41 o
=
2 |
BTy _
g -% 0FE — - —M\\ \ |
z P A
T 35
> ~ 1
0.4 ,
2E
5 <
-0.4 '
] S —— g, Ay S I P 1m »
3 3051 L - 125
s . Peak SV-Ax =105 g @ J0. ©
%] I
& =02 Throttle -
= S0k Brake —
g
o 0 I I b | | N
0 1 2 3 4 5

Time (sec)

GPS Fix Type: RTK Fixed

Figure D129. Time History for PAEB Run 101, S4b, Daytime, 40 km/h

D-141



SVIPTM

Lateral

Pedal

PAEB Test: Stationary Adult Facing Toward at 25%, SV 40 km/h (S4b)
PalisadePAEBday-102

T
=2 " Audible = x
E EU.S: Visual O w
= o L -
50
| ;
o E n
8~ 0
T 0 1 O o~
=
401 L | - "-E-
——
gt 20+ sV \ | x
3 PTM — N oo
0_ | | | | ] c‘
=
— 2 T T T — |
- - @ /‘ N
w2 -
=
- -'_2 | 1 | -
0.4 ,
EE
5 <
-0.4 '
O —————C - C---—-f---—-ZC ey = PP PP 1m »
% 5-05- “ | E 3
= | Peak SVAX-+-16-g-0~ 1a o
%] I I
& =02 Throttle —
= S0k Brake —
a2
o 0 | L I| | I ]
0 1 2 3 4 5

Time (sec)

GPS Fix Type: RTK Fixed

Figure D130. Time History for PAEB Run 102, S4b, Daytime, 40 km/h

D-142



Lateral SV/PTM

Error
{m

Pedal
Positions

PAEB Test: Stationary Adult Facing Toward at 25%, SV 40 km/h (S4b)
PalisadePAEBday-103

FCW
Warning
<
[ )

Headway
(m)
o
(==

o

Audible
Visual

FCW
145s

281 m

I
o

Speed
(kmih)
8

N o

sV
PTM

SR
40.2 km/h

Yaw Rate
(deg/sec)
o

=
= om

o
.

% 505

—02

—

S 0.1

PAEB
1.00s

- Throttle
- Brake

Time (sec)

GPS Fix Type: RTK Fixed

Figure D131. Time History for PAEB Run 103, S4b, Daytime, 40 km/h

D-143



Lateral SV/PTM

Error
{m

Pedal
Positions

FCW
Warning
1) <
[ [ )

Headway
(m)

Speed
N
o

Yaw Rate
(deg/sec) (km/h)
o ra o g

=
= om

o
.

% 505

—02

—

S 0.1

PAEB Test: Stationary Adult Facing Toward at 25%, SV 45 km/h (S4b)
PalisadePAEBday-104

Audible
Visual

0.00m FCW

sV
PTM

|

35.8 km/h Contact 0.87 s

PAEB
0.73 s

- Throttle
~ Brake

Time (sec)

GPS Fix Type: RTK Fixed

Figure D132. Time History for PAEB Run 104, S4b, Daytime, 45 km/h

D-144



Lateral SV/PTM

Error
{m

Pedal
Positions

PAEB Test: Stationary Adult Facing Toward at 25%, SV 45 km/h (S4b)
PalisadePAEBday-106

FCW
Warning
<
[ )

o
i

Headway
(m)

Audible
Visual

155s

250m FCW

s
[=)

Speed
(kmih)
=

N o

sV
PTM

[
L1
SR

45.0 km/h

(deg/sec)
o

Yaw Rate
o
P

o
.

% 505

—02

—

S 0.1

PAEB
113s

- Throttle —
~ Brake —

Time (sec)

GPS Fix Type: RTK Fixed

Figure D133. Time History for PAEB Run 106, S4b, Daytime, 45 km/h

D-145



Lateral SV/PTM

Error
{m

Pedal
Positions

FCW
Warning
<
[ )

o
i

Headway
(m)

Speed
N
o

Yaw Rate
(deg/sec) (km/h)
o ra o g

=
= om

o
.

% 505

—02

—

S 0.1

PAEB Test: Stationary Adult Facing Toward at 25%, SV 45 km/h (S4b)
PalisadePAEBday-107

Audible
Visual

147 s

248m FCW

sV
PTM

L1
SR
45.3 km/h

ll\
\
J
(
.
Ve
N
|

PAEB
1.08 s

- Throttle
~ Brake

Time (sec)

GPS Fix Type: RTK Fixed

Figure D134. Time History for PAEB Run 107, S4b, Daytime, 45 km/h

D-146



SVIPTM

Lateral

Pedal

PAEB Test: Stationary Adult Facing Toward at 25%, SV 45 km/h (S4b)
PalisadePAEBday-108

T T
=2 " Audible = :
o ED.S: Visual O <

= o L -
> SO—= . £
SE <
[4F]
o™
T 0 | Q
£

I T "‘E"
5 £ 40F B s
g FEH 20 sV 7 o x
= PTM 7D -

1= E—— | | — q.
<
@5 2 | I | | -
g3 -
= O ] e T T~ n
T 5
- -'_2 | ] | |
0.4 .
S E
R
-04 '
= T : I =
gy g e E "
=-05- R - -
2209 . . < S
-1 l Peak SV Ax: 1112 g—@- T~ 10 -
[ I I
& —=0.2F Throttle -
= S0k Brake -
& =
o 0 | I I | I N
0 1 2 3 4 5

Time (sec)

GPS Fix Type: RTK Fixed

Figure D135. Time History for PAEB Run 108, S4b, Daytime, 45 km/h

D-147



SVIPTM

Lateral

Pedal

PAEB Test: Stationary Adult Facing Toward at 25%, SV 45 km/h (S4b)
PalisadePAEBday-109

| T
=2 " Audible - = :
E ED.S: Visual O

ik

= 0 -
> SOr—— . c
B 2
5 d
o™

T 0 | 'S

£

I T T "‘E"
o =40F i
E'f_:_“ézo_ sV | x
n = PTM ? o

0= | | | = - 3
% ’6“2 T T 1 1
[ _.% e
- Dm---”“ ~—_—— .
B -
"-’_2 | | |
0.4 .
— ; ——|
SE
R
-0.4 '
g T T rrrereyeyeyey ey L L 1m »
= nel JWl @
Z 205 \ < ©
-1 — i S

. Peak SV Ax-1.13g~@— T
[ I
_5 =02 Throttle -

-":g 90,1— Brake -
o 0 | I t I I N
0 1 2 3 4 5

Time (sec)

GPS Fix Type: RTK Fixed

Figure D136. Time History for PAEB Run 109, S4b, Daytime, 45 km/h

D-148



Lateral SV/PTM

Error
{m

Pedal
Positions

FCW
Warning
<
[ )

o
=]

Headway
(m)

N
[

Speed
o

Yaw Rate
(deg/sec) (km/h)
o ra o

=
= om

o
.

% 505

—02

—

S 0.1

PAEB Test: Stationary Adult Facing Toward at 25%, SV 50 km/h (S4b)
PalisadePAEBday-110

Audible
Visual

FCW
154 s

1.89 m

sV
PTM

|
SR
49.8 km/h

(

L
PAEB
096s

- Throttle
~ Brake

Time (sec)

GPS Fix Type: RTK Fixed

Figure D137. Time History for PAEB Run 110, S4b, Daytime, 50 km/h

D-149



SVIPTM

Lateral

Pedal

PAEB Test: Stationary Adult Facing Toward at 25%, SV 50 km/h (S4b)
PalisadePAEBday-111

T
=2 " Audible = ‘2
S £os5p Visual O =
= of L -
= 50 T T _ E
= - o
§= o
- 0 ! Q o™~
£
T I "‘E‘-
C =401 _|
8E | Y e x
73] = 20 PTM 0 -
0 = I | | 4 o
[ Te]
% '6“2 T =
85 f YA
o — ™ 7
g8 AN
> -'_2 ] |
0.4 ,
Bg
5 <
-0.4 '
S —— A —— \_«_'\_\ __________________ . E n
—_ | ™. | I~
é o 05 \\ B < P
-1 | Peak SV Ax: 41.13 EE._;--——-—M__-T } ~ 40
[ I I
& —=0.2F Throttle -
= S0k Brake -
a2
o 0 | I = | I N
0 1 2 3 4 5

Time (sec)

GPS Fix Type: RTK Fixed

Figure D138. Time History for PAEB Run 111, S4b, Daytime, 50 km/h

D-150



Lateral SV/PTM

Error
{m

Pedal
Positions

FCW
Warning
<
[ )

o
=]

Headway
(m)

N
[

Speed
o

Yaw Rate
(deg/sec) (km/h)
o ra o

=
= om

o
.

% 505

—02

—

S 0.1

PAEB Test: Stationary Adult Facing Toward at 25%, SV 50 km/h (S4b)
PalisadePAEBday-112

Audible
Visual

FCW
154 s

2.37T m

sv —
PTM ~—

I

|

SR
50.0 km/h

/
PAEB
1.07 s

- Throttle —
~ Brake —

Time (sec)

GPS Fix Type: RTK Fixed

Figure D139. Time History for PAEB Run 112, S4b, Daytime, 50 km/h

D-151



SVIPTM

Lateral

Pedal

PAEB Test: Walking Adult Away at 25%, SV 16 km/h (S4c)
PalisadePAEBday-114
I

=2 " Audible = :
E 20-5: Visual | _ _ _ o o o Q <
= o - L -
& 10F 7 E
s = o
% E 51 4R
@ o
T 0 _.. |
£
20F 4
- —
o £ T~ X x
g E10r sV =
B2 | PTM N N «~
0k 4 ©
-
2
BTy —
g9 7
z 20 7
al @
> 2
-2
0.4
SE
5E
-04
OF - ———————-_—= T _—_—_—_—_—_——_ T - ———————— — 1m »
Ten N\ 195
e Peak SV Ax: -1.09 -0 | mi
w
& =02 Throttle -
= S0k Brake —
g2
o 0 | | I I | ]
0 1 2 3 4
Time (sec)

GPS Fix Type: RTK Fixed

Figure D140. Time History for PAEB Run 114, S4c, Daytime, 16 km/h

D-152



SVIPTM

Lateral

Pedal

PAEB Test: Walking Adult Away at 25%, SV 16 km/h (S4c)
PalisadePAEBday-115
I

T
o 1 X — (/)]
%_505_ Alud|ble _g ™
Q 5USL Visual | _ _ _ o o o Q ©
£ of : JI =
g _10 — | ! E
—_ e
SE ——— ~
¢ 51 1
T .
: G
£
- =20F ! ! 1 E
= — -
8 E 10 sV - je <
B2 PTM ? <
0= I I J @
-
g’ ' P
al @
=
>—~—*_2 1 1
0.4 T T
2E
5 <
04 | |
g, g g g S 1m »
_ . \ W o
s ! Peak SV Ax -1.13 =@ e -
%] I I
& =02 Throttle —
= o 01k Brake —
T | —
o 0 I | 1 1 l ]
0 1 2 3 4

Time (sec)

GPS Fix Type: RTK Fixed

Figure D141. Time History for PAEB Run 115, S4c, Daytime, 16 km/h

D-153



SVIPTM

Lateral

Pedal

PAEB Test: Walking Adult Away at 25%, SV 16 km/h (S4c)
PalisadePAEBday-116
I

T
=2 " Audible = g
E 20-5: Visual | _ _ _ o o o Q ©
S of—— . i
& 10F ' ' 1 E
= - n
® E 5k 4o
5 d
I 0 1 1 ) b
£
5 =20F ! ' 1 E
S —_ o’
Q@ =40l sV | &
g &0 PTM T N «~
0= I ! 4 o
-
2 T T _
£3 %
=z 20 - 7
al @
]
>—~—'_2 | 1
0.4 T T
SE
5 <
04 | |
OE_______ - ———————————F—————eeee——— - o~ ————- _E 0
2305 \\\ 1< &
s ! Peak 8V Ax-1.13 g—@ e o
[ I I
& =02 Throttle -
= S 01k Brake -
g
o 0 I | I I { N
0 1 2 3 4

Time (sec)

GPS Fix Type: RTK Fixed

Figure D142. Time History for PAEB Run 116, S4c, Daytime, 16 km/h

D-154



SVIPTM

Lateral

Pedal

PAEB Test: Walking Adult Away at 25%, SV 16 km/h (S4c)
PalisadePAEBday-117
I

T
o 1 X (/)]
5%05_ Alud|ble g o
Q 5USL Visual | _ _ _ o o Q 0
= of — - : gk
& 10 ! I ] S
s = o™
g E 51 - -
@ .
I 0 | | _. N
£
o =20F ! ! 1 E
2 2 - — x <
g E10r sV =
B2 PTM | - — ~ ? o
0= ! ! = w0
-—
852 ' | —
£ 3 _
=20 - h
al @
=
>=, ! '
0.4 T T
SE
0=
04 1 1
i B —— —_':\_.i____ 1m »
= n5L JW wn
%] I I
& =02 Throttle -
= o 01k Brake —
T I
o 0 | | 1 1 ]
0 1 2 3 4

Time (sec)

GPS Fix Type: RTK Fixed

Figure D143. Time History for PAEB Run 117, S4c, Daytime, 16 km/h

D-155



SVIPTM

Lateral

Pedal

PAEB Test: Walking Adult Away at 25%, SV 16 km/h (S4c)
PalisadePAEBday-118
I

=2 " Audible 12 :
E 20-5: Visual | _ _ _ o o 10 ©
g Un i i - -
g 10 1 E
s = o
? E sk 1
- R i
0
£
20F 4
o =
< = —
g E 10 sV N i % x
n < PTM : ®
0k 4 ©
-
2 -
z 90 — |
al @
> 2
-2
0.4
SE
5 <
-04
Ok _—_——_-——_-—-—--Z o __—____ R ——— Tm w
tos | FE
4k . i
1 Peak SV-Ax—~147-g-@ a o
[ I
& =02 Throttle -
= o 01k Brake -
g
o 0 | | } I { | N
0 1 2 3 4
Time (sec)

GPS Fix Type: RTK Fixed

Figure D144. Time History for PAEB Run 118, S4c, Daytime, 16 km/h

D-156



SVIPTM

Lateral

Pedal

PAEB Test: Walking Adult Away at 25%, SV 35 km/h (S4c)
PalisadePAEBday-122
I

=2 " Audible = :
E 20-5: Visual | _ _ O w
= o L -
= —— =
g g20r 1o
@ L3r]
T 0 — ™
£
- —40E —— _ __g
§ 20 sV T q
"< | PTM — N 0
0k | 4=
™
go? -
g3 o
z 20 7
al [43]
> 2
-2
0.4
2E
5E
-04
i T | 3
O - - T-------_cC . E 0
5-051 ™ =
é N \\ ,,--"--_—"‘xk < c_
-1 Peak SVAX -1.06 g ® 10 -
w
& —=0.2F Throttle —
= S0k Brake —
g2
o 0 | | J| | |I 7
0 1 2 3 4
Time (sec)

GPS Fix Type: RTK Fixed

Figure D145. Time History for PAEB Run 122, S4c, Daytime, 35 km/h

D-157



Lateral SV/PTM

Error
{m

Pedal
Positions

FCW
Warning
<
[ )

I
o

PAEB Test: Walking Adult Away at 25%, SV 35 km/h (S4c)
PalisadePAEBday-124
I

Audible
Visual

FCW
159 s

|
3.99 m

Headway
(m)
N S
(=] o e}

Yaw Rate Speed
(deg/sec) (km/h)
o ra o B

=
= om

o
.

% 505

—02

—

S 0.1

PTM

J’JJlI
|
SR
35.2 km/h

111s

PAEB

- Throttle
- Brake

|
4

GPS Fix Type: RTK Fixed

|
1 2 3
Time (sec)

Figure D146. Time History for PAEB Run 124, S4c, Daytime, 35 km/h

D-158



Lateral SV/PTM

Error
{m

Pedal
Positions

FCW
Warning
<
[ )

I
o

PAEB Test: Walking Adult Away at 25%, SV 35 km/h (S4c)

PalisadePAEBday-125
I

Audible
Visual

FCW
153s

Headway
(m)
N S
(=] o e}

Yaw Rate Speed
(deg/sec) (km/h)
o ra o B

=
= om

o
.

% 505

—02

—

S 0.1

|
3.88 m

PTM

| Irf
|
J/
|
SR
35.2 km/h

=,
N
Peak SV Ax -1 05g®@ .

PAEB
1.05s

- Throttle
- Brake

1 2

Time (sec)

|
4

GPS Fix Type: RTK Fixed

Figure D147. Time History for PAEB Run 125, S4c, Daytime, 35 km/h
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Figure D166. Time History for PAEB Run 97, S1b, Night, High Beam, 30 km/h
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Figure D170. Time History for PAEB Run 107, S1b, Night, High Beam, 40 km/h
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Figure D171. Time History for PAEB Run 108, S1b, Night, High Beam, 40 km/h
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Figure D172. Time History for PAEB Run 109, S1b, Night, High Beam, 40 km/h
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Figure D173. Time History for PAEB Run 113, S1b, Night, High Beam, 45 km/h
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Figure D174. Time History for PAEB Run 114, S1b, Night, High Beam, 45 km/h
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Figure D175. Time History for PAEB Run 116, S1b, Night, High Beam, 45 km/h
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PAEB Test: Obstructed Running Child Nearside at 50%, SV 16 km/h (S1d)
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PAEB Test: Obstructed Running Child Nearside at 50%, SV 16 km/h (S1d)
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PAEB Test: Obstructed Running Child Nearside at 50%, SV 16 km/h (S1d)
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Figure D179. Time History for PAEB Run 150, S1d, Night, High Beam, 16 km/h
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PAEB Test: Obstructed Running Child Nearside at 50%, SV 20 km/h (S1d)
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PAEB Test: Obstructed Running Child Nearside at 50%, SV 20 km/h (S1d)
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PAEB Test: Obstructed Running Child Nearside at 50%, SV 20 km/h (S1d)
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Figure D183. Time History for PAEB Run 157, S1d, Night, High Beam, 20 km/h
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PAEB Test: Obstructed Running Child Nearside at 50%, SV 40 km/h (S1d)
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Figure D184. Time History for PAEB Run 161, S1d, Night, High Beam, 40 km/h
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PAEB Test: Obstructed Running Child Nearside at 50%, SV 40 km/h (S1d)
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Figure D185. Time History for PAEB Run 162, S1d, Night, High Beam, 40 km/h
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PAEB Test: Running Adult Offside at 50%, SV 40 km/h (S1e)
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Figure D187. Time History for PAEB Run 125, S1e, Night, High Beam, 40 km/h
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PAEB Test: Running Adult Offside at 50%, SV 40 km/h (S1e)
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PAEB Test: Running Adult Offside at 50%, SV 40 km/h (S1e)
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Figure D190. Time History for PAEB Run 128, S1e, Night, High Beam, 40 km/h
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PAEB Test: Running Adult Offside at 50%, SV 40 km/h (S1e)
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Figure D191. Time History for PAEB Run 129, S1e, Night, High Beam, 40 km/h
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PAEB Test: Running Adult Offside at 50%, SV 45 km/h (S1e)
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PAEB Test: Running Adult Offside at 50%, SV 45 km/h (S1e)
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Figure D193. Time History for PAEB Run 131, S1e, Night, High Beam, 45 km/h
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PAEB Test: Running Adult Offside at 50%, SV 45 km/h (S1e)
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Figure D194. Time History for PAEB Run 133, S1e, Night, High Beam, 45 km/h
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PAEB Test: Stationary Adult Facing Away at 25%, SV 16 km/h (S4a)
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Figure D195. Time History for PAEB Run 7, S4a, Night, High Beam, 16 km/h
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PAEB Test: Stationary Adult Facing Away at 25%, SV 16 km/h (S4a)
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PAEB Test: Stationary Adult Facing Away at 25%, SV 16 km/h (S4a)
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Figure D197. Time History for PAEB Run 9, S4a, Night, High Beam, 16 km/h
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Figure D199. Time History for PAEB Run 11, S4a, Night, High Beam, 16 km/h
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PAEB Test: Stationary Adult Facing Away at 25%, SV 35 km/h (S4a)
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Figure D200. Time History for PAEB Run 22, S4a, Night, High Beam, 35 km/h
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PAEB Test: Stationary Adult Facing Away at 25%, SV 35 km/h (S4a)
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Figure D201. Time History for PAEB Run 24, S4a, Night, High Beam, 35 km/h
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PAEB Test: Stationary Adult Facing Away at 25%, SV 35 km/h (S4a)
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Figure D202. Time History for PAEB Run 25, S4a, Night, High Beam, 35 km/h
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Figure D225. Time History for PAEB Run 71, S1b, Night, Low Beam, 16 km/h
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Figure D227. Time History for PAEB Run 79, S1b, Night, Low Beam, 20 km/h
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Figure D229. Time History for PAEB Run 81, S1b, Night, Low Beam, 20 km/h
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Figure D230. Time History for PAEB Run 82, S1b, Night, Low Beam, 20 km/h
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PAEB Test: Walking Adult Nearside at 50%, SV 40 km/h (S1b)
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Figure D240. Time History for PAEB Run 103, S1b, Night, Low Beam, 40 km/h
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Figure D241. Time History for PAEB Run 110, S1b, Night, Low Beam, 45 km/h
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D-254



SVIPTM

Lateral

Pedal
Positions

FCW
Warning
<
[ )

s
[=

Headway
(m)
n
o

o

Speed
e
o

(km/h)
[}
] [ R - |

(deg/sec)
o

Yaw Rate

Error

{m
e,
R S ]

o
.

% 505

—02

—

S 0.1

PAEB Test: Walking Adult Nearside at 50%, SV 45 km/h (S1b)
PalisadePAEBnight-112
I

Audible
Visual

FCW

0.00 m

sV
PTM

SR

7.4 km/h Contact 0.42s

/
PAEB
0.26 s

I Throttle
~ Brake

1 2 3 4

Time (sec)
e eee GPS Fix Type: RTK Fixed

Figure D243. Time History for PAEB Run 112, S1b, Night, Low Beam, 45 km/h
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Figure D249. Time History for PAEB Run 152, S1d, Night, Low Beam, 20 km/h
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Figure D250. Time History for PAEB Run 153, S1d, Night, Low Beam, 20 km/h
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Figure D252. Time History for PAEB Run 158, S1d, Night, Low Beam, 40 km/h
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PAEB Test: Obstructed Running Child Nearside at 50%, SV 40 km/h (S1d)
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Figure D253. Time History for PAEB Run 159, S1d, Night, Low Beam, 40 km/h
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PAEB Test: Obstructed Running Child Nearside at 50%, SV 40 km/h (S1d)
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Figure D254. Time History for PAEB Run 160, S1d, Night, Low Beam, 40 km/h
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Figure D256. Time History for PAEB Run 136, S1e, Night, Low Beam, 35 km/h
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Figure D261. Time History for PAEB Run 124, S1e, Night, Low Beam, 40 km/h
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PalisadePAEBnight-019
I I

0.00 m NoWng

PTM

|
SR

0.5 km/h Contact

Peak SV AX 002G~

- Throttle
- Brake

1 2

Time (sec)

GPS Fix Type: RTK Fixed

Figure D267. Time History for PAEB Run 19, S4a, Night, Low Beam, 35 km/h
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PalisadePAEBnight-020
I I

0.00 m NoWng

l

%

|
SR

PTM

-0.4 km/h Contact

- Throttle —
= Brake —

0 1 2 3 4

Time (sec)

GPS Fix Type: RTK Fixed

Figure D268. Time History for PAEB Run 20, S4a, Night, Low Beam, 35 km/h
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PAEB Test: Stationary Adult Facing Away at 25%, SV 35 km/h (S4a)
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Figure D269. Time History for PAEB Run 21, S4a, Night, Low Beam, 35 km/h
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Figure D275. Time History for PAEB Run 30, S4c, Night, Low Beam, 16 km/h
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Figure D276. Time History for PAEB Run 56, S4c, Night, Low Beam, 35 km/h
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Figure D277. Time History for PAEB Run 58, S4c, Night, Low Beam, 35 km/h
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Figure D278. Time History for PAEB Run 59, S4c, Night, Low Beam, 35 km/h
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Figure D279. Time History for PAEB Run 60, S4c, Night, Low Beam, 35 km/h
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Figure D280. Time History for PAEB Run 61, S4c, Night, Low Beam, 35 km/h
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Figure D281. Time History for PAEB Run 36, S4c, Night, Low Beam, 40 km/h
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PAEB Test: Walking Adult Away at 25%, SV 40 km/h (S4c)
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Figure D282. Time History for PAEB Run 37, S4c, Night, Low Beam, 40 km/h
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FAIL

D-295



	NCAP-DRI-PAEB-20-12 Hyundai Palisade TM-20-83
	TABLE OF CONTENTS
	Section I
	INTRODUCTION
	Section II
	DATA SHEETS
	1. Data Sheet 1: Test Results Summary
	2. Data Sheet 2: Vehicle Data
	3. Data Sheet 3: Test Conditions
	4. Data Sheet 4: Pedestrian Automatic Emergency BRAKING SYSTEM Operation

	Section III
	TEST PROCEDURES
	A. Test Procedure Overview
	B. SV Approach to a Crossing Pedestrian (S1)
	1. S1 Test Scenarios
	a. S1a-b-c Scenarios – SV Encounters a Crossing Adult PTM from the Nearside at 25/50/75% Overlap
	b. S1d Scenario – SV Encounters a Crossing Child PTM Running from Behind Parked Cars from the Nearside at 50% Overlap
	c. S1e Scenario – SV Encounters a Crossing Adult PTM from the Offside at 50% Overlap
	d. S1f Scenario – SV Encounters a Crossing Adult PTM from the Nearside that Stops Short of Entering the SV Travel Path
	e. S1g Scenario – SV Encounters a Crossing Adult PTM from the Nearside that Clears the SV Travel Path

	2. Pedestrian Test Mannequin Placement and Movement
	3. Obstruction Vehicles
	4. SV Zero Position
	5. Last Moment Braking
	6. TEST TRIAL CONDUCT AND VALIDITY (S1)
	a. PTM Validity
	b. SV Validity
	c. Validity Period
	d. End-of-Test Instructions
	e. Number of Test Trial Repeats
	Combinations of test speeds, and lighting conditions were tested as shown in Table 1. Five repeat trials were conducted for each test condition. As noted above, for all scenarios, the 16 and 40 km/h speeds were considered to be the “non-conditional” s...
	f. Speed Reduction (S1a-b-c-d-e)
	g. Deceleration (S1f-g)
	h. Pass/Fail Criteria


	C. SV Approach to a Pedestrian Walking Along/Against Traffic (S4)
	1. S4 Test Scenarios
	a. S4a Scenario – SV Encounters a Stationary Adult PTM on the Nearside of the Road Facing Away from the SV at 25% Overlap
	b. S4b Scenario – SV Encounters a Stationary Adult PTM on the Nearside of the Road Facing Towards the SV at 25% Overlap
	c. S4c Scenario – SV Encounters an Adult PTM on the Nearside of the Road Walking Away from the SV, but in the Same Direction as the SV, at 25% Overlap

	2. Pedestrian Test Mannequin Placement and Movement
	3. SV Zero Position
	4. LAST MOMENT BRAKING
	5. TEST tRIAL CONDUCT AND VALIDITY
	a. PTM Validity
	b. SV Validity
	c. Validity Period
	d. End-of-Test Instructions
	e. Number of Test Trial Repeats
	f. Speed Reduction
	g. Pass/Fail Criteria


	D. Summary of Scenarios
	E. Pre-Test Brake Burnishing
	 The SV was loaded to its GVWR.
	 From a speed of 49.7 mph (80 km/h), 200 stops were performed with an average deceleration of 0.31g (3.0 m/s²) during each stop.
	1. SV Brake Warm-up and Temperature Maintenance During Testing

	F. Pedestrian Test Mannequin and Motion System
	G. Instrumentation
	H. Pre-Test Brake Burnishing
	 The SV was loaded to its GVWR.
	 From a speed of 49.7 mph (80 km/h), 200 stops were performed with an average deceleration of 0.31g (3.0 m/s²) during each stop.
	2. SV Brake Warm-up and Temperature Maintenance During Testing


	APPENDIX A
	Photographs
	APPENDIX B
	Excerpts from Owner’s Manual
	APPENDIX C
	Run Log

	NCAP-DRI-PAEB-20-12 Hyundai Palisade TM-20-83 Appendix D
	Page
	D.
	Time history figures include the following sub-plots:


