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Section |
INTRODUCTION

This test evaluates the ability of a Forward Collision Warning (FCW) system to detect
and alert drivers to potential hazards in the path of the vehicle as specified in the New
Car Assessment Program’s "Forward Collision Warning Confirmation” test procedure,
dated February 2013. Three driving scenarios are utilized to assess this technology. In
the first test, a subject vehicle (SV) approaches a stopped principle other vehicle (POV)
in the same lane of travel. The second test begins with the SV initially following the POV
at the same constant speed. After a short while, the POV stops suddenly. The third test
consists of the SV, traveling at a constant speed, approaching a slower moving POV,
which is also being driven at a constant speed.
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DATA SHEETS



FORWARD COLLISION WARNING
DATA SHEET 1: TEST RESULTS SUMMARY
(Page 1 of 1)

2020 Lexus ES 350

VIN: 58ADZ1B17LUOXXXX

Test Date: 1/14/2020
Forward Collision Warning setting: Early

Test 1 - Subject Vehicle Encounters
Stopped Principal Other Vehicle:

Test 2 - Subject Vehicle Encounters
Decelerating Principal Other Vehicle:

Test 3 - Subject Vehicle Encounters
Slower Principal Other Vehicle:

Overall:

Notes:




FORWARD COLLISION WARNING
DATA SHEET 2: VEHICLE DATA
(Page 1 of 1)

2020 Lexus ES 350

TEST VEHICLE INFORMATION

VIN:  58ADZ1B17LUOXXXX

Body Style:  4-door Sedan Color: Eminent White

Date Received: 1/6/2020 Odometer Reading: 6 mi

DATA FROM VEHICLE'S CERTIFICATON LABEL

Vehicle manufactured by: Toyota Motor Manufacturing. Kentucky, Inc.

Date of manufacture: 11/19

Vehicle Type: PASS. CAR
DATA FROM TIRE PLACARD

Tires size as stated on Tire Placard: Front: 235/45R18
Rear: 235/45R18

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

Rear: 240 kPa (35 psi)

TIRES

Tire manufacturer and model: Michelin Energy Saver A/S

Front tire specification: 235/45R18
Rear tire specification: 235/45R18
Front tire DOT prefix: B9EL 02NX
Rear tire DOT prefix: B9EL 02NX



FORWARD COLLISION WARNING
DATA SHEET 3: TEST CONDITIONS
(Page 1 of 2)

2020 Lexus ES 350

GENERAL INFORMATION

Test date: 1/14/2020
AMBIENT CONDITIONS

Air temperature: 10.0 C (50 F)
Wind speed: 1.5 m/s (3.5 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.

VEHICLE PREPARATION

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)




FORWARD COLLISION WARNING
DATA SHEET 3: TEST CONDITIONS
(Page 2 of 2)

2020 Lexus ES 350

WEIGHT
Weight of vehicle as tested including driver and instrumentation:

Left Front: 551.6 kg (1216 Ib) Right Front: 545.2 kg (1202 Ib)

Left Rear: 381.5 kg (841 Ib) Right Rear: 359.2 kg (792 Ib)

Total: 1837.5 kg (4051 Ib)




FORWARD COLLISION WARNING
DATA SHEET 4: FORWARD COLLISION WARNING SYSTEM OPERATION
(Page 1 of 3)
2020 Lexus ES 350

Name of the FCW option, option package, etc.

Pre-collision warning as part of the Lexus Safety System+ 2.0 (LSS+ 2.0) option

Forward Collision Warning Setting used in test: Early
Type of sensors the system uses:

LSS+ 2.0: Millimeter wave Radar and Mono camera

How is the Forward Collision Warning presented X  Warning light
to the driver? —
X Buzzer or audible alarm
(Check all that apply) ——

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. Ifitis 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.
When the system determines that the possibility of a frontal collision is high, a
buzzer will sound and a warning message will be displayed on the multi-
information display located to the left of the center gauge in the instrument
cluster. The display shows "BRAKE!" in white letters on a red background as
shown in Appendix A Figure A14. The auditory alert is presented as tone bursts
of 2400 HZ at a rate of approximately 4 bursts/second.




FORWARD COLLISION WARNING
DATA SHEET 4: FORWARD COLLISION WARNING SYSTEM OPERATION
(Page 2 of 3)
2020 Lexus ES 350

Is the vehicle equipped with a switch whose purpose is to render X Yes

FCW inoperable? -
No

If yes, please provide a full description including the switch location and method of
operation, any associated instrument panel indicator, etc.
The settings menus (displayed as a gear) are accessed by controls on the left
side of the steering wheel. The pre-collision warning system can be turned
on/off by scrolling up or down to the PCS On/Off image and toggling the
system on or off using the "OK" button.

The system resets to "on" at each ignition cycle.

Is the vehicle equipped with a control whose purpose is to adjust X Yes

the range setting or otherwise influence the operation of FCW?
No

If yes, please provide a full description.

The settings menus (displayed as a gear) are accessed by controls on the left
side of the steering wheel. The pre-collision warning timing can be changed
on the settings menu of the multi-information display by scrolling up/down to
the "Sensitivity" image and toggling through the available options using the
"OK" button. For FCW/AEB the available options are Early, Middle (default)
and Late. See Appendix A, Figure A12.

The warning timing setting is retained when the engine switch is turned off.
However, if the pre-collision system is disabled and re-enabled, the operation
timing will return to the default setting (middle).




FORWARD COLLISION WARNING
DATA SHEET 4: FORWARD COLLISION WARNING SYSTEM OPERATION
(Page 3 of 3)
2020 Lexus ES 350

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

inoperable or reduce its effectiveness?
No

If yes, please provide a full description.
A detailed description of the limitations of the system is given in the Owner's
Manual on pages 176 through 181 shown in Appendix B, Pages B-4 through
B-9.

Notes:
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TEST PROCEDURES

A. Test Procedure Overview

Three test procedures were used, as follows:
Test 1. Subject Vehicle (SV) Encounters Stopped Principal Other Vehicle (POV)
Test 2. Subject Vehicle Encounters Decelerating Principal Other Vehicle
Test 3. Subject Vehicle Encounters Slower Principal Other Vehicle

With the exception of trials associated with Test 1, all trials were performed with SV and
POV 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. Except for Test 2, the brake lights of the POV
were not illuminated.

In order to pass the test, if the FCW system provides a warning timing adjustment for
the driver, at least one setting must meet the criterion of the test procedure. Therefore, if
the vehicle was equipped with a warning timing adjustment, only the most
“conservative” (earliest warning) setting was tested.

An overview of each of the test procedures follows.

1. TEST 1 - SUBJECT VEHICLE ENCOUNTERS STOPPED PRINCIPAL OTHER
VEHICLE ON A STRAIGHT ROAD

This test evaluates the ability of the FCW function to detect a stopped lead vehicle, as
depicted in Figure 1.

Stopped POV
Figure 1. Depiction of Test 1
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a. Alert Criteria

In order to pass the test, the FCW alert must be issued when the time-to-collision (TTC)
is at least 2.1 seconds. The TTC for this test was calculated by considering the speeds
of the SV and the POV at the time of the FCW alert (i.e., when the SV and POV speeds
are nominally equal to 45 and 0 mph (72.4 and 0 km/h), respectively).

b. Procedure

The POV was parked in the center of a travel lane, with its longitudinal axis oriented
parallel to the roadway edge and facing the same direction as the SV so that the SV
approaches the rear of the POV.

The SV was driven at a nominal speed of 45 mph (72.4 km/h) in the center of the lane
of travel, toward the parked POV. The test began when the SV was 492 ft (150 m) from
the POV and ended when either of the following occurred:

e The required FCW alert occurred.

e The TTC to the POV fell to less than 90% of the minimum allowable range (i.e.,
TTC = 1.9 sec) for the onset of the required FCW alert.

The SV driver then steered and/or braked to keep the SV from striking the POV.
For an individual test trial to be valid, the following was required throughout the test:

e The SV vehicle speed could not deviate from the nominal speed by more than
1.0 mph (1.6 km/h) for a period of three seconds prior to (1) the required FCW
alert or (2) before the range fell to less than 90% of the minimum allowable range
for onset of the required FCW alert.

e The SV driver could not apply any force to the brake pedal before (1) the
required FCW alert occurred or (2) the range fell to less than 90% of the
minimum allowable range for onset of the required FCW alert.

e The lateral distance between the centerline of the SV, relative to the centerline of
the POV, in road coordinates, could not exceed 2.0 ft (0.6 m).

e The yaw rate of the SV could not exceed +1 deg/sec during the test.

Nominally, the Test 1 series was comprised of seven individual trials. The FCW system
must satisfy the TTC alert criteria for at least five of the seven test trials.
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2. TEST 2 — SUBJECT VEHICLE ENCOUNTERS DECELERATING PRINCIPAL
OTHER VEHICLE

The SV in this test initially followed the POV at a constant time gap and then the POV
suddenly decelerated, as depicted in Figure 2. The test evaluates the ability of the FCW
to recognize a decelerating lead vehicle and to issue an alert to SV driver in a timely
manner.

L — . — Veoy = Vo, fort<t*

Veow < Vg fort>t*

Figure 2. Depiction of Test 2

a. Alert Criteria

In order to pass the test, the FCW alert must be issued when TTC is at least 2.4
seconds. The TTC for this test, a prediction of the time it would take for the SV to collide
with the POV, was calculated by considering three factors at the time of the FCW alert:
(1) the speed of the SV, (2) the speed of the POV, and (3) the deceleration of the POV".

b. Procedure

Test 2 began with the SV and the POV traveling on a straight, flat road at a constant
speed of 45.0 mph (72.4 km/h), in the center of the lane of travel. The headway from the
SV to the POV was nominally maintained at 98.4 ft (30 m) until the POV braking was
initiated.

The test began approximately 7 seconds before the driver of the POV started a braking
maneuver in which the POV brakes were rapidly applied and modulated such that a
constant deceleration of 0.3 g was achieved within 1.5 seconds after braking is initiated.
The test ended when either of the following conditions was satisfied:

e The required FCW alert occurred.

e The TTC to the POV fell to less than 90% of the minimum allowable range (i.e.,
TTC = 2.2 sec) for the onset of the required FCW alert.

The SV driver then steered and/or braked to keep the SV from striking the POV.

o simplify calculation of the TTC for Test 2, the deceleration of the POV is assumed to remain constant from the time of the FCW
alert until the POV comes to a stop (i.e., a “constant” rate of slowing is assumed).
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For an individual test trial to be valid, the following was required throughout the test:

e The initial POV vehicle speed could not deviate from the nominal speed by more
than 1.0 mph (1.6 km/h) for a period of 3 seconds prior to the initiation of POV
braking.

e The speed of the SV could not deviate from the nominal speed by more than 1.0
mph (1.6 km/h) for a period of 3 seconds prior to (1) the required FCW alert or (2)
before the range fell to less than 90% of the minimum allowable range for onset
of the required FCW alert.

e The lateral distance between the centerline of the SV, relative to the centerline of
the POV, in road coordinates, could not exceed 2.0 ft (0.6 m).

e The yaw rates of the SV and POV could not exceed +1 deg/sec during the test.

e The POV deceleration level was nominally required to be 0.3 g within 1.5
seconds after initiation of POV braking. The acceptable error magnitude of the
POV deceleration was +0.03g, measured at the time the FCW alert first occurred.
An initial overshoot beyond the deceleration target was acceptable, however the
first local deceleration peak observed during an individual trial could not exceed
0.375 g for more than 50 ms. Additionally, the deceleration could not exceed 0.33
g over a period defined from 500 ms after the first local deceleration peak occurs,
to the time when the FCW alert first occurred.

e The tolerance for the headway from the SV to the POV was +8.2 ft (£2.5 m),
measured at two instants in time: (1) three seconds prior to the time the POV
brake application was initiated and (2) at the time the POV brake application was
initiated.

e SV driver could not apply any force to the brake pedal before (1) the required
FCW alert occurred or (2) the range fell to less than 90% of the minimum
allowable range for onset of the required FCW alert.

Nominally, the Test 2 series was comprised of seven individual trials. The FCW system
must satisfy the TTC alert criteria for at least five of the seven test trials.

3. TEST 3 — SUBJECT VEHICLE ENCOUNTERS SLOWER PRINCIPAL OTHER
VEHICLE

This test examines the ability of the FCW system to recognize a slower lead vehicle
being driven with a constant speed and to issue a timely alert. As depicted in Figure 3,
the scenario was conducted with a closing speed equal to 25.0 mph (40.2 km/h).
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Figure 3. Depiction of Test 3

a. Alert Criteria

In order to pass the test, the FCW alert must be issued when TTC is at least 2.0
seconds. The TTC for this test, a prediction of the time it would take for the SV to collide
with the POV, was calculated by considering the speeds of the SV and POV at the time
of the FCW alert.

b. Procedure
Throughout the test, the POV was driven at a constant 20.0 mph (32.2 km/h) in the
center of the lane of travel.

The SV was driven at 45.0 mph (72.4 km/h), in the center lane of travel, toward the
slow-moving POV.

The test began when the headway from the SV to the POV was 329 ft (100 m) and
ended when either of the following occurred:
e The required FCW alert occurred.

e The TTC to the POV fell to less than 90% of the minimum allowable range (i.e.,
TT = 1.8 sec) for the onset of the required FCW alert.

The SV driver then steered and/or braked to keep the SV from striking the POV.
For an individual test trial to be valid, the following was required throughout the test:

e The SV vehicle speed could not deviate from the nominal speed by more than
1.0 mph (1.6 km/h) for a period of 3 seconds prior to (1) the required FCW alert
or (2) before the range fell to less than 90% of the minimum allowable range for
onset of the required FCW alert.

e Speed of the POV could not deviate from the nominal speed by more than 1.0
mph (1.6 km/h) during the test.

e The lateral distance between the centerline of the SV, relative to the centerline of
the POV, in road coordinates, could not exceed 2.0 ft (0.6 m).

e The yaw rates of the SV and POV could not exceed +1 deg/sec during the test.

e SV driver could not apply any force to the brake pedal before (1) the required
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FCW alert occurred or (2) before the range fell to less than 90% of the minimum
allowable range for onset of the required FCW alert.

Nominally, the Test 3 series was comprised of seven individual trials. The FCW system
must satisfy the TTC alert criteria for at least five of the seven test trials.

B. Principal Other Vehicle

The vehicle used as the Principal Other Vehicle (POV) was a 2006 Acura RL. This
satisfied the test requirement that the POV be a mid-size sedan. The vehicle had a rear
license plate in order to provide a suitable representative radar profile. Vehicle loading
consisted of the driver plus equipment and instrumentation.

C. Automatic Braking System

The POV was equipped with an automatic braking system, which was used in Test 2.
The braking system consisted of the following components:

e High pressure nitrogen bottle, strapped to the front passenger seat, with
regulator and pressure gauges

¢ Pneumatic piston-type actuator, with solenoid valve

e “Pickle” switch to activate brakes
D. Instrumentation

Table 1 lists the sensors, signal conditioning, and data acquisition equipment used for
these tests.
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Table 1. Test Instrumentation and Equipment

Accuracy, Other

Calibration Dates

Type Output Range Primary Specs Mfr, Model Serial Number Il_)a:js;
Tire Pressure Vehicle Tire 0-100 psi < 1% error between 20 By: DRI
Gauge Pressure 0-690 kPa and Omega DPG8001 17042707002 Date: 7/3/2019
g Due: 7/3/2020
Vehicle Total, 2200 Ib/olatform By: DRI
Platform Scales Wheel, and Axle P 0.5% of applied load Intercomp SWI 1110M206352 Date: 1/6/2020
5338 N/ .
Load Due: 1/6/2021
Latitude: +90 deg |y 117 ontal Position: +1 | Trimble GPS
Differential Global Longitude: +180 deg cm Receiver
. Position, Velocity Altitude: 0-18 km . . ’ . 00440100989 NA
Positioning System o Vertical Position: £2 cm | 5700 (base station
Velocity: 0-1000 o . ;
Velocity: 0.05 km/h and in-vehicle)
knots
By: Oxford
Position; Technical Solutions
Longitudinal,
Lateral, and Vertical Date: 5/3/2019
Accels; 958
Multi-Axis Inertial Lateral, ITongltudlnaI Accels + 10g, Accels .01g, Angular . Due: 5/3/2021
, and Vertical Oxford Inertial +
Sensing System o Angular Rat Rate
Velocities;
Roll, Pitch, Yaw Date: 4/11/2018
Rates;
Roll, Pitch, Yaw 2176 Due: 4/11/2020
Angles
Real-Time Lateral Lane Dist: Lateral Distance to
. 30 m Lane Marking: £2 cm
Calculation of . 4
” Distance and Lateral Lane Lateral Velocity to Lane .
Position and Velocity to lane Velocity: £20 m/sec Marking: £0.02m/sec Oxford Technical
Velocity Relative to y Y- * g x. Solutions (OXTS), 97 NA

Lane Markings
(LDW) and POV
(FCW)

markings (LDW) and
POV (FCW)

Longitudinal Range
to POV: £200 m
Longitudinal Range
Rate: +50 m/sec

Longitudinal Range: £3
cm

Longitudinal Range
Rate: +0.02 m/sec

RT-Range
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Table 1. Test Instrumentation and Equipment (continued)

Accuracy, Other Calibration Dates
Type Output Range - 4 Mfr, Model Serial Number Last
Primary Specs Due
Sound Frequency . o . .
Microphone (to measure time at Response: ?'Eﬂil'atﬁng:e' 64 dB, Q_Llj_glé)éTechnlca NA NA
auditory alert) 80 Hz — 20 kHz
Light intensity . DRI designed and
Light Sensor (to measure time at Spectral Bandwidth: Rise time < 10 msec developed Light NA NA
) 440-800 nm
visual alert) Sensor
Acceleration Silicon Designs
Accelerometer (to measure time at 159 < 3% of full range gns, NA NA
. 2210-005
haptic alert)
+.0020 in.
Coordinate . . +.051 mm By: DRI
Measurement lSnesr;[:aarLSC?gsrlg%ates 8:2 2 m (Single point Ei;?oﬁrm’ ge%%'g 5-08- Date: 1/6/2020
Machine y ) articulation accuracy) Due: 1/6/2021
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

I/0 Board

588523

17




For systems that implement audible or haptic alerts, part of the pre-test instrumentation
verification process is to determine the tonal frequency of the audible warning or the
vibration frequency of the tactile warning through use of the PSD (Power Spectral
Density) function in Matlab. This is accomplished in order to identify the center
frequency around which a band-pass filter is applied to subsequent audible or tactile
warning data so that the beginning of such warnings can be programmatically
determined. The bandpass filter used for these warning signal types is a phaseless,
forward-reverse pass, elliptical (Cauer) digital filter, with filter parameters as listed in
Table 2.

Table 2. Audible and Tactile Warning Filter Parameters

Warning Ao Peak-to- LA Pass-Band
Type SIEET Peak Ripple i S0 Frequency Range
Attenuation
. Identified Center
th
Audible 5 3 dB 60 dB Frequency + 5%
. Identified Center
th
Tactile 5 3dB 60 dB Frequency + 20%
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oescrierion 2020 / 8000C ES350 4-DR SEDAN
coLor EMINENT WHITE

VIN 58ADZ1B17LUDE

FINAL ASSEMBLY POINT  GEORGE] OWN, KENTUCKY, U.S.A,
EQU I

PMENT & 1IN 8T

Dalivared by Truck see

ALLED OPTIONS

=

i el i Enform Remote (3-Year Trial Included) MANUFACTURER'S SUGGESTED RETAIL PRICE $39,900.00
* B-Speed Automatic Transmission Den.ri::: E:a‘;fea,:?{;pgme't SR“'"_‘ Watch, ** Blind Spot Monitor wiRear Cross Traffic Alert 1,065.00
* Front Wheel Drive Amazon Alexa i T I".éu:'t:vfnpsa;h"gmais:qwmrm e
& a ; i " =N Pl F0= a Alloy Wheals 770.
2 g;;‘:in“gm::ﬁui':;’;‘:ﬂ% s‘\‘hﬁgdﬁ SirlusXM Satellita Radio (3-Month Trial Included) * Navigation Package: Navigation System with 123-In 82000
. i : ars Color Multimedia Display, Lexus Enform Dynamic

17° Split-5-Spoke Alloy Wheels *  10-Way Driver's & Front Passenger's Power Seats Havigation (3-Year Trial Included), Dynamic Voice

; *  Electrochromic Healed Outside Mirrors Command (Included for the First 10-Years of

*  Lexus Safety System+ 2.0, Pre-Collision System Dual-Zone Automatic Climate Control Ownership), and Lexus Enform Destinatlon Assist

with Pedestrian Detection, All Speed- One-Touch Open/Closa Pwr Tilt-and-Slide Moonroof {3-Year Trial Included)

Dynamic Radar Cruise Control, Lane Tracing * Premium Package: Lexus Memory System 1.375.00

Assist, Lane Departure Alert w/ Steering Assist, i
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for Driver's Seat, Outside Mirrors and Steering
Wheel, Power Tilt and Telescopic Steering Wheel,
Power Folding Outside Mirrors, Rain Sensing
Wipers, and Heated and Ventilated Front Seats

* Panorama Glass Roof

* Wood Trim

You Spend

$ 250

more in fuel costs

over 5 years
compared to the
averaps new yehicle.

* Trunk Mat, Cargo Net, Wheel Locks, Key Gloves

mog Rating fukse cohd

E & Greenh!

fueleconomy.gov

i compare
Calculate pe! sonalized estima nd compar

Rollover

Source: National
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Figure A3. Window Sticker (Monroney Label)
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Figure A4. Vehicle Certification Label

L

A-6



Figure A5. Tire Placard
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Figure A6. Front View of Principal Other Vehicle
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Figure A7. Rear View of Principal Other Vehicle

A-9



Figure A8. DGPS, Inertial Measurement Unit, and MicroAutoBox Installed in Subject Vehicle
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Figure A9. Sensor for Detecting Visual Alerts
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Figure A10. Computer Installed in Subject Vehicle
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Figure A11. Brake Actuation System Installed in Principal Other Vehicle
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Figure A12. FCW System Setting Menus
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Figure A13. Sterring Wheel Mounted Controls for Adjusting Settings
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Lexus Safety System + 2.0 ISensors

The Lexus Safety System + 2.0 con-
sists of the following drive assist sys-
tems and contributes to a safe and
comfortable driving experience:

IDriving assist system

B PCS (Pre-Collision System)

—P175

B LTA (Lane Tracing Assist)

—P182

B Automatic High Beam

—P159

B RSA (Road Sign Assist) (if
equipped)

—PIAN

B Dynamic radar cruise control with
tull-speed range

—P193

A\ WARNING

M Lexus Safety System + 2.0

The Lexus Safety System + 2.0 is
designed to operate under the assump-
tion that the driver will drive safely, and is
designed to help reduce the impact to
the occupants and the vehicle in the case
of a collision or assist the driver in normal
driving conditions.

As there is a limit to the degree of recog-
nition accuracy and control performance
that this system can provide, do not
overly rely on this system. The driver is
always responsible for paying attention
to the vehicle's surroundings and driving
safely.

Two types of sensors, located behind
the front grille and windshield, detect
information necessary to operate the
drive assist systems.

[A] Radar sensor
Front camera

A\ WARNING

M To avoid malfunction of the radar sen-
sor

Observe the following precautions.

Otherwise, the radar sensor may not
operate properly, possibly leading to an
accident resulting in death or serious
injury.
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PCS (Pm_comﬁon System) to take evasive action.

The pre-collision system uses a
radar sensor and front camerato
detect objects (»P.175) infront of
the vehicle. When the system
determines that the possibility of a
frontal collision with an object s
high, a warning operates to urge
the driver to take evasive action
and the potential brake pressure is
increased to help the driver avoid
the collision. lf the system deter-
mines that the possibility of afrontal
collision with an object is extremely
high, the brakes are automatically
applied to help avoid the collision or
help reduce the impact of the colli-
sion.

The pre-collision system can be dis-
abled/enabled and the warning tim-
ing can be changed. (—P.177)

I Detectable objects

The system can detect the following:
® Vehicles
® Bicyclists

® Pedestrians

I System functions

M Pre-collision warning

When the system determines that the

possibility of a frontal collision is high, a

buzzer will sound and a warning mes-
sage will be displayed on the multi-
information display to urge the driver

- Ex=n
:_'j ’ /‘1_ RAKEI J|

B Pre-collision brake assist

When the system determines that the
possibility of a frontal collision is high,
the system applies greater braking
force in relation to how strongly the
brake pedal is depressed.

B Pre-collision braking

If the system determines that the possi-
bility of a frontal collision is extremely
high, the brakes are automatically
applied to help avoid the collision or
reduce the impact of the collision.

B Suspension control (if equipped)

When the system determines that the
possibility of a frontal collision is high,
the Adaptive Variable Suspension Sys-
tem (—P.244) will control the damp-
ing force of the shock absorbers to
help maintain an appropriate vehicle
posture.

B-3
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A\ WARNING

M Limitations of the pre-collision system

@ The driver is solely responsible for safe
driving. Always drive safely, taking
care to observe your surroundings.
Do not use the pre-collision system
instead of normal braking operations
under any circumstances. This system
will not prevent collisions or lessen col-
lision damage or injury in every situa-
tion. Do not overly rely on this system.
Failure to do so may lead to an acci-
dent, resulting in death or serious
injury.

® Although this system is designed to
help avoid a collision or help reduce
the impact of the collision, its effective-
ness may change according to various
conditions, therefore the system may
not always be able to achieve the same
level of performance.

Read the following conditions care-
fully. Do not overly rely on this system
and always drive carefully.

Conditions under which the system
may operate even if there is no possi-
bility of a collision: -»P.179

Conditions under which the system
may not operate properly: »P.180

@ Do not attempt to test the operation of
the pre-collision system yourself.
Depending on the objects used for
testing (dummies, cardboard objects
imitating detectable objects, etc.), the
system may not operate properly, pos-
sibly leading to an accident.

M Pre-collision braking

@ When the pre-collision braking func-
tion is operating, a large amount of
braking force will be applied.

® [f the vehicle is stopped by the opera-
tion of the pre-collision braking func-
tion, the pre-collision braking function
operation will be canceled after
approximately 2 seconds.
Depress the brake pedal as necessary.

® The pre-collision braking function may
not operate if certain operations are
performed by the driver. If the acceler-
ator pedal is being depressed strongly
or the steering wheel is being turned,
the system may determine that the
driver is taking evasive action and pos-
sibly prevent the pre-collision braking
function from operating.

@ In some situations, while the pre-colli-
sion braking function is operating,
operation of the function may be can-
celed if the accelerator pedal is
depressed strongly or the steering
wheel is turned and the system deter-
mines that the driver is taking evasive
action.

@ |f the brake pedal is being depressed,
the system may determine that the
driver is taking evasive action and pos-
sibly delay the operation timing of the
pre-collision braking function,

B When to disable the pre-collision sys-
tem

In the following situations, disable the
system, as it may not operate properly,
possibly leading to an accident resulting
in death or serious injury:

® When the vehicle is being towed

® When your vehicle is towing another
vehicle

® When transporting the vehicle via
truck, boat, train or similar means of
transportation

® When the vehicle is raised on a lift with
the engine running and the tires are
allowed to rotate freely

® When inspecting the vehicle using a
drum tester such as a chassis dyna-
mometer or speedometer tester, or
when using an on vehicle wheel bal-
ancer

® When a strong impact is applied to the
front bumper or front grille, due to an
accident or other reasons
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A\ WARNING

@ |f the vehicle cannot be driven in a sta-
ble manner, such as when the vehicle
has been in an accident or is malfunc-
tioning

® When the vehicle is driven in a sporty
manner or off-road

® When the tires are not properly
inflated

@ When the tires are very worn

@ When tires of a size other than speci-
fied are installed

® When tire chains are installed

® When a compact spare tire or an
emergency tire puncture repair kit is
used

@ If equipment (snow plow, etc.) that may
obstruct the radar sensor or front cam-
era is temporarily installed to the vehi-
cle

Changing settings of the pre-col-
lision system

B Enabling/disabling the pre-colli-
sion system

The pre-collision system can be

enabled/disabled on (@ (->P.78) of
the multi-information display.

The system is automatically enabled each
time the engine switch is turned to IGNI-
TION ON mode.

If the system is disabled, the PCS warn-
ing light will turn on and a message will
be displayed on the multi-information
display.

® Changing the pre-collision warn-
ing timing
The pre-collision warning timing can

be changed on ] (—P.78) of the

multi-information display.

The warning timing setting is retained
when the engine switch is turned off. How-
ever, if the pre-collision system is disabled
and re-enabled, the operation timing will
return to the default setting (middle).

1 2 3
B> ol ]

1 Early

2 Middle

This is the default setting.
3 Late

M Operational conditions

The pre-collision system is enabled and the system determines that the possibility of a frontal

B-5
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collision with a detected object is high.

Each function is operational at the following speed

@ Pre-collision warning

Detectable objects

Vehicle speed

Relative speed between your
vehicle and object

Vehicles

Approx. 7 to M0 mph (10 to
180 km/h)

Approx. 7 to N0 mph (10 to
180 km/h)

Bicyclists and pedestrians

Approx. 7 to 50 mph (10 to
80 km/h)

Approx. 7 to 50 mph (10 to
80 km/h)

® Pre-collision brake assist

Detectable objects

Vehicle speed

Relative speed between your
vehicle and object

Vehicles

Approx. 20 to 110 mph (30
t0 180 km/h)

Approx. 20 to 110 mph (30
to 180 km/h)

Bicyclists and pedestrians

Approx. 20 to 50 mph (30
to 80 km/h)

Approx. 20 to 50 mph (30
to 80 km/h)

@ Pre-collision braking

Detectable objects

Vehicle speed

Relative speed between your
vehicle and object

Vehicles

Approx. 7 to MO mph (10 to
180 km/h)

Approx. 7 to 110 mph (10 to
180 km/h)

Bicyclists and pedestrians

Approx. 7 to 50 mph (10 to
80 km/h)

Approx. 7 to 50 mph (10 to
80 km/h)

The system may not operate in the following situations:

@ If a battery terminal has been disconnected and reconnected and then the vehicle has not
been driven for a certain amount of time

@ If the shiftleverisin R

® When the VSC OFF indicator is illuminated (only the pre-collision warning function will

be operational)

M Object detection function

The system detects objects based on their
size, profile, motion, etc. However, an object
may not be detected depending on the sur-
rounding brightness and the motion, pos-
ture, and angle of the detected object,
preventing the system from operating prop-
erly. (=P.180) The illustration shows an
image of detectable objects.




4.5, Using the driving support systems

179

M Cancelation of the pre-collision braking

If either of the following occur while the
pre-collision braking function is operating, it
will be canceled:

® The accelerator pedal is depressed
strongly.

® The steering wheel is turned sharply or
abruptly.

B Conditions under which the system may
operate evenifthereis no possibility of a
collision

® In some situations such as the following,
the system may determine that there is a
possibility of a frontal collision and oper-
ate.

* When passing a detectable object, etc.

* When changing lanes while overtaking a
detectable object, etc.

* When approaching a detectable object
in an adjacent lane or on the roadside,
such as when changing the course of
travel or driving on a winding road

* When rapidly closing on a detectable
object, etc.

* When approaching objects on the road-
side, such as detectable objects, guard-
rails, utility poles, trees, or walls

* When there is a detectable object or
other object by the roadside at the
entrance of a curve

n_

* When there are patterns or paint in front
of your vehicle that may be mistaken for a
detectable object

* When the front of your vehicle is hit by
water, snow, dust, etc.

* When overtaking a detectable object
that is changing lanes or making a
right/left turn

Seap

..é)))))

* When passing a detectable object in an
oncoming lane that is stopped to make a
right/left turn

23232232 > )

L

* When a detectable object approaches
very close and then stops before entering
the path of your vehicle

* Ifthe front of your vehicle is raised or low-
ered, such as when on an uneven or
undulating road surface

* When driving on a road surrounded by a
structure, such asin atunnel or on aniron
bridge

* When there is a metal object (manhole
cover, steel plate, etc.), steps, or a protru-
sion in front of your vehicle

* When passing under an object (road
sign, billboard, etc.)

* When approaching an electric toll gate
barrier, parking area barrier, or other
barrier that opens and closes
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* When using an automatic car wash
* When driving through or under objects

that may contact your vehicle, such as
thick grass, tree branches, or a banner

W= -

* When driving through steam or smoke

When driving near an object that reflects
radio waves, such as a large truck or
guardrail

* When driving near a TV tower, broad-

casting station, electric power plant, or
other location where strong radio waves
or electrical noise may be present

M Situations in which the system may not

operate properly

® In some situations such as the following,

an object may not be detected by the
radar sensor and front camera, prevent-
ing the system from operating properly:

* When a detectable object is approaching

your vehicle
When your vehicle or a detectable object
is wobbling

+ Ifa detectable object makes an abrupt

maneuver (such as sudden swerving,
acceleration or deceleration)

hen your vehicle approaches a detect-
able object rapidly
When a detectable object is not directly
in front of your vehicle

@ >

* When a detectable object is near a wall,

fence, guardrail, manhole cover, vehicle,
steel plate on the road, etc.

When a detectable object is under a
structure

When part of a detectable object is hid-
den by an object, such as large baggage,
an umbrella, or guardrail

When multiple detectable objects are
close together

If the sun or other light is shining directly
on a detectable object

When a detectable object is a shade of
white and looks extremely bright

When a detectable object appears to be
nearly the same color or brightness as its
surroundings

If a detectable object cuts or suddenly
emerges in front of your vehicle

When the front of your vehicle is hit by
water, snow, dust, etc.

When a very bright light ahead, such as
the sun or the headlights of oncoming
traffic, shines directly into the front cam-
era

When approaching the side or front of a
vehicle ahead

If a vehicle ahead is a motorcycle

It a vehicle ahead is narrow, such as a per-
sonal mobility vehicle

If a preceding vehicle has a small rear
end, such as an unloaded truck

If a preceding vehicle has a low rear end,
such as a low bed trailer

.

.

g.»w%g—)i?l_

* Ifa vehicle ahead has extremely high
ground clearance

gy IO, 5

* lfavehicle ahead is carrying a load which
protrudes past its rear bumper

» It a vehicle ahead is irregularly shaped,
such as a tractor or side car
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If a vehicle ahead is a child sized bicycle,
a bicycle that is carrying a large load, a
bicycle ridden by more than one person,
or auniquely shaped bicycle (bicycle with
a child seat, tandem bicycle, etc.)

If a pedestrian/or the riding height of a
bicyclist ahead is shorter than approxi-
mately 3.2 ft. (1 m) or taller than approxi-
mately 6.5.(2 m)

I a pedestrian/bicyclist is wearing over-
sized clothing (a rain coat, long skirt,
etc.), making their silhouette obscure

If a pedestrian is bending forward or
squatting or bicyclist is bending forward
If a pedestrian/bicyclist is moving fast

If a pedestrian is pushing a stroller, wheel-

chair, bicycle or other vehicle

When driving in inclement weather such
as heavy rain, fog, snow or a sandstorm
When driving through steam or smoke
When the surrounding area is dim, such
as at dawn or dusk, or while at night or in
a tunnel, making a detectable object
appear to be nearly the same color as its
surroundings

When driving in a place where the sur-
rounding brightness changes suddenly,
such as at the entrance or exit of a tunnel
After the engine has started the vehicle
has not been driven for a certain amount
of time

While making a left/right turn and for a
few seconds after making a left/right turn
While driving on a curve and for a few
seconds after driving on a curve

If your vehicle is skidding

If the front of the vehicle is raised or low-
ered

-_— A

g :Lw\)_ |

If the wheels are misaligned

If a wiper blade is blocking the front cam-
era

The vehicle is being driven at extremely
high speeds.

When driving on a hill

* lfthe radar sensor or front camera is mis-
aligned

® |n some situations such as the following,
sufficient braking force may not be
obtained, preventing the system from
performing properly:

Ifthe braking functions cannot operate to
their full extent, such as when the brake
parts are extremely cold, extremely hot,
or wet

I the vehicle is not properly maintained
(brakes or tires are excessively worn,
improper tire inflation pressure, etc.)
When the vehicle is being driven on a
gravel road or other slippery surface

W #VSCis disabled
®fVSCisdisabled (—P.245), the pre-col-

lision brake assist and pre-collision brak-
ing functions are also disabled.

.

® The PCS warning light will turn on and
“VSC Turned OFF Pre-Collision Brake
System Unavailable” will be displayed on
the multi-information display.
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mode. (—P.208)

B When the TRAC/VSC systems are

operating

The slip indicator light will flash while the
TRAC/VSC systems are operating.

M Disabling the TRAC system
If the vehicle gets stuck in mud, dirt or snow,

the TRAC system may reduce power from
the engine to the wheels. Pressing the

> % switch to turn the system off may
make it easier for you to rock the vehicle in
ordertofree it.

To turn the TRAC system off, quickly press
and release the > g switch.

“Traction Control Turned Off" will be shown
on the multi-information display.

Press the » eF switch again to turn the sys-
tem back on.

M Turning off both TRAC and VSC sys-

tems
Toturnthe TRAC and VSC systems off,
press and hold the > &%  switch for more
than 3 seconds while the vehicle is stopped.

The VSC OFF indicator light will come on
and the “Traction Control Turned Off" will

be shown on the multi-information display.”

Press the » g switch again to turn the sys-
tem back on.

: PCS (Pre-Collision System) will also be
disabled (only Pre-Collision warning is
available). The PCS warning light will
come on and a message will be displayed
onthe multi-informationdisplay.(—P.181)

B When the message is displayed on the
multi-information display showing that

TRAC hasbeen disabled evenif the

> g switch has not been pressed

TRAC istemporary deactivated. lf the infor-
mation continues to show, contact your
Lexus dealer.

M Operating conditions of hill-start assist
control

When the following four conditions are met,
the hill-start assist control will operate:

® The shift lever is in a position other than P
or N (when starting off forward/back-
ward on an upward incline).

® The vehicle is stopped.
® The accelerator pedal is not depressed.
® The parking brake is not engaged.

B Automatic system cancelation of hill-
start assist control

The hill-start assist control will turn off in any
of the following situations:

® The shift lever is shifted to P or N,
® The accelerator pedal is depressed.
® The parking brake is engaged.

® 2 seconds at maximum elapsed after the
brake pedal is released.

M Sounds and vibrations caused by the
ABS, brake assist, VSC, TRAC and hill-

start assist control systems

® A sound may be heard from the engine
compartment when the brake pedal is
depressed repeatedly, when the engine is
started or just after the vehicle begins to
move. This sound does not indicate that a
malfunction has occurred in any of these
systems.
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B PCSwarning light (warning buzzer)

Warning light Details/Actions
When a buzzer sounds simultaneously:
Indicates a malfunction has occurred in the PCS (Pre-Collision System)
— Have the vehicle inspected by your Lexus dealer immediately.
When a buzzer does not sound:
5%3 The PCS (Pre-Collision System) has become temporarily unavailable,
OFF . .
(fiahescor fumi- corrective action may be necessary.
nates) — Follow the instructions displayed on the multi-information display.

(>P173,362)

If the PCS (Pre-Collision System) or VSC (Vehicle Stability Control)
system is disabled, the PCS warning light will illuminate.
— P.181

B Slipindicator

Warning light

Details/Actions

Indicates a malfunction in:

® The VSC system;

® The TRAC system; or

® The hill-start assist control system

— Have the vehicle inspected by your Lexus dealer immediately.

B Parking brake indicator

Warning light

Details/Actions

(flashes)
(US.A)

ar

(flashes)
(Canada)

Indicates a malfunction in the parking brake system

— Have the vehicle inspected by your Lexus dealerimmediately.

B-11




7-2.Stepsto take in an emergency

365

speed range system is suspended tempo-

rarily or until the problem shown in the mes-

sage is resolved. (causes and coping
methods: —»P.173)

M | “Radar Cruise Control Unavailable” is
shown

The dynamic radar cruise control with full-

speed range system cannot be used tempo-

rarily. Use the system when it becomes
available again.

M | “Front Camera Unavailable” or “Front
Camera Unavailable See Owner's
Manual” is displayed

The following systems may be suspended
until the problem shown in the message is
resolved. (»P.173,358)

® PCS (Pre-Collision System)

®LTA (Lane Tracing Assist)

® Automatic High Beam

® RSA (Road Sign Assist) (if equipped)

® Dynamic radar cruise control with full-
speed range

M If “Maintenance Required Soon” is dis-
played

Indicates that all maintenance according to

the driven distance on the maintenance

schedule should be performed soon.

Comes on approximately 4500 miles

(7200 km) after the message has been

reset. lf necessary, perform maintenance.

Please reset the message after the mainte-

nance is performed. (—P.305)

": Refer to the separate “Scheduled Main-
tenance” or “Owner’s Manual Supple-
ment” for the maintenance interval
applicable to your vehicle.

M |f “Maintenance Required Visit Your
Dealer” is displayed

Indicates that all maintenance is required to

correspond to the driven distance on the

maintenance schedule .

Comes on approximately 5000 miles
(8000 km) after the message has been
reset. (The indicator will not work properly
unless the message has been reset.) Per-
form the necessary maintenance. Please

reset the message after the maintenance is

performed. (—P.305)

: Refer to the separate "Scheduled Main-
tenance” or "Owner's Manual Supple-
ment” for the maintenance interval
applicable to your vehicle.

M 1f“Oil Maintenance Required Soon” is
displayed

Indicates that the engine oil should be
scheduled to be changed.

Check the engine cil and change it if neces-
sary. After changing the engine oil, make
sure to reset the message. (—P.316)

M I "Oil Maintenance Required” is dis-
played

Indicates that the engine oil should be
changed.

Check and change the engine oil, and oil fil-
ter by your Lexus dealer. After changing the
engine oil, make sure to reset the message.

(—P.316)

M If amessage that indicates the need for
visiting your Lexus dealer is displayed

The system or part shown on the multi-
information display is malfunctioning. Have
the vehicle inspected by your Lexus dealer
immediately.

M If amessage thatindicates the need for
reterring to Owner's Manual is dis-
played

@ If any of the following messages are
shown on the multi-information display,
follow the instructions.

+ “Engine Coolant Temp High” (—P.381)

@ f any of the following messages are
shown on the multi-information display, it
may indicate a malfunction. Have the
vehicle inspected by your Lexus dealer
immediately.

+ “Access System with Elec. Key Malfunc-
tion"

@ It any of the following messages are
shown on the multi-information display, it
may indicate a malfunction. Immediately
stop the vehicle and contact your Lexus
dealer.

* "Braking Power Low”

+ “Charging System Malfunction”

B-12
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76 ft+lbf (103 Nom, 10.5 kgi+m)

5 Stow the flat tire, tire jack and all
tools.

B The compact spare tire

® The compact spare tire is identified by the
label TEMPORARY USE ONLY" on
the tire sidewall.
Use the compact spare tire temporarily,
and only in an emergency.

® Make sure to check the tire inflation pres-
sure of the compact spare tire. (—P.391)

M After completing the tire change

The tire pressure warning system must be
reset. (>P.326)

B When using the compact spare tire

As the compact spare tire is not equipped
with atire pressure warning valve and trans-
mitter, low inflation pressure of the spare
tire will not be indicated by the tire pressure
warning system. Also, if you replace the
compact spare tire after the tire pressure
warning light comes on, the light remains
on.

M When the compact spare tire is
attached

The vehicle becomes lower when driving
with the compact spare tire compared to
when driving with standard tires.

M lf you have aflat front tire on aroad cov-
ered with snow orice

Install the compact spare tire on one of the
rear wheels of the vehicle. Perform the fol-
lowing steps and fit tire chains to the front
tires:

1 Replace a rear tire with the compact

spare tire.

2 Replace the flat front tire with the tire

removed from the rear of the vehicle.
Fit tire chains to the front tires.

A\ WARNING

B When using the compact spare tire

® Remember that the compact spare tire
provided is specifically designed for
use with your vehicle. Do not use your
compact spare tire on another vehicle.

® Do not use more than one compact
spare tire simultaneously.

® Replace the compact spare tire with a
standard tire as soon as possible.

® Avoid sudden acceleration, abrupt
steering, sudden braking and shifting
operations that cause sudden engine
braking.

B When the compact spare tire is
attached

The vehicle speed may not be correctly
detected, and the following systems may
not operate correctly:

+ ABS & Brake assist
« VSC
+ TRAC

* Dynamic radar cruise control with full-
speed range

+ PCS (Pre-Collision System)
+ EPS
+ LTA (Lane Tracing Assist)
+ Pancramic view monitor (if equipped)
* Lexus parking assist monitor
(it equipped)
* Intuitive parking assist (if equipped)
* Navigation system (if equipped)
+ BSM (Blind spot monitor)
(if equipped)
* Automatic high Beam

B-13
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": Ifequipped

B Power windows,and moon roof or panoramic moon roof (—P.124,126,129)

Function Default setting | Customized setting [A] [C]
Mechanical key linked operation Off On —|—1]0
Wirele‘ss remote control linked Off Onlopenonl) | —|—| 0
operation
Wirele‘ss re'mote control linked On Off —_l—lo
operation signal (buzzer)
E It equipped
M Automatic light control system (—P.156)

Function Default setting | Customized setting [A]
Light sensor sensitivity Standard 2t02 O|—| 0O
Time elapsed before headlights Of
automatically turn off after doors 30 seconds 60 seconds O|— 1| O
are closed 00 seconds
.Wint?lshifﬂd wiper linked headlight On Off | B
illumination
M Lights (—P.156)

Function Default setting | Customized setting [A]
Daytime running lights On o't O|—|O
Welcome lighting On Ot —| O
AFS (Adaptive Front-lighting Sys-

‘(2 aptive Front-lighting Sys On Off _l—lo

tem)
"I Exceptfor Canada
"2 |t equipped
B PCS (Pre-Collision System) (—P.175)

Function Default setting | Customized setting [A]
PCS (Pre-Collision System) On Off — | O |—
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410

8-2. Customization

Function Default setting | Customized setting
Early
Adijust alert timing Middle O|—
Late
® LTA (Lane Tracing Assist) (—P.182)
Function Default setting | Customized setting
Lane centering function On Off O ||—
Steering assist function On Off O||—
Steering wheel
Alerttype vibration Buzzer O |—
Alert sensitivity High Standard O|—
Vehicle sway warning function On Off O |—
High
Vehicle sway warning sensitivity Standard O |—
Low
M RSA (Road Sign Assist)‘ (—P.197)
Function Default setting | Customized setting
RSA (Road Sign Assist) On Off O|—
No notification
Excess speed notification method | Display only O|—
Display and buzzer
3 mph (5 km/h)
Excess speed notification level Tmph (2 km/h) O |—
5 mph (10 km/h)
Other notifications method (No- . No notification
. Display only O|—
entry notification) Display and buzzer
" If equipped
® BSM (Blind Spot Monitor) (—P.203)
Function Default setting | Customized setting
BSM (Blind Spot Monitor) On Of O |—
Outside rear view mirror indicator Bright Dim .

brightness
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Subject Vehicle: 2020 Lexus ES 350 Test Date: 1/14/2020
Principal Other Vehicle: 2006 Acura RL
Valid TTCW TTCW TTCW _
Run Test Type Run? Sound Light Margin | Pass/Fail Notes
(sec) (sec) (sec)
1 Stopped POV N SV Yaw Rate
2 Y 1.50 1.42 -0.60 Fail
3 Y 1.82 1.75 -0.28 Fail
4 Y N/A N/A -2.10 Fail No Warning
5 Y 1.78 1.71 -0.32 Fail
6 Y 1.95 1.87 -0.15 Fail
Decelerating
15 POV, 45 Y 2.40 2.33 0.00 Pass
16 Y 2.31 2.25 -0.09 Fail
17 Y 2.44 2.36 0.04 Pass
18 Y 2.50 2.41 0.10 Pass
19 Y 2.45 2.39 0.05 Pass
20 N SV Speed
21 Y 2.34 2.30 -0.06 Fail
22 Y 2.41 2.31 0.01 Pass
Slower POV,
45 vs 20 Y 2.83 2.74 0.83 Pass
Y 2.81 2.75 0.81 Pass
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Valid TTCW TTCW TTCW _
Run Test Type Run? Sound Light Margin | Pass/Fail Notes
(sec) (sec) (sec)
9 N SV Yaw Rate
10 Y 2.84 2.75 0.84 Pass
11 Y 2.82 2.74 0.82 Pass
12 Y 2.89 2.80 0.89 Pass
13 Y 2.81 2.74 0.81 Pass
14 Y 2.81 2.73 0.81 Pass
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Description of Time History Plots

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 Principal Other Vehicle (POV), 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 code indicating to which vehicle the data pertain.

Time History Plot Description

Each time history plot consists of data pertinent to the test type under consideration, and therefore the data channels
plotted vary according to test type. The test types (shown in the plot titles) include:

- FCW Test 1 — Stopped POV (SV at 45 mph)
-  FCW Test 2 — Decelerating POV (Both vehicles at 45 mph with a 30 m gap, POV brakes at 0.3 g)
- FCW Test 3 — Slower Moving POV (SV at 45 mph, POV at 20 mph)

Time history figures include the following sub-plots:

e Warning — Displays the Forward Collision Warning Alert (which can be audible, visual, or haptic). Depending
on the type of FCW alert or instrumentation used to measure the alert, this can be any of the following:

o Filtered, rectified, and normalized sound signal. The vertical scale is 0 to 1.

o Filtered, rectified, and normalized acceleration (e.g., haptic alert, such as steering wheel vibration). The
vertical scale is 0 to 1.

o0 Light sensor signal

e TTC (sec) — Indicates the Time to Collision as calculated up to the point of FCW alert issuance. The value of
TTCW (Time to Collision at Warning) is given numerically on the right side of the figure. A passing value is
indicated in green, while a failing value is indicated in red.

e SV Speed (mph) — Speed of the Subject Vehicle

e POV Speed (mph) — Speed of the Principal Other Vehicle
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¢ Yaw Rate (deg/sec) — Yaw rate of both the Subject Vehicle and Principal Other Vehicle
o Lateral Offset (ft) — Lateral offset within the lane from the Subject Vehicle to the Principal Other Vehicle
e Ax (g) — Longitudinal acceleration of both the Subject Vehicle and Principal Other Vehicle

e Headway (ft) — Longitudinal separation between front of Subject Vehicle to rear of Principal Other Vehicle
(Exclusive to test type 2)

Note that 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.

Envelopes and Thresholds

Each of the time history plot figures can contain either green or yellow 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.

Green envelopes indicate that the time-varying data should not exceed the envelope boundaries at any time within the
envelope. Exceedances of a green envelope are indicated by red shading in the area between the measured time-
varying data and the envelope boundaries.

Yellow envelopes indicate that the time-varying data should not exceed the envelope only at the left and/or right ends.
Exceedances at the left or right extent of a yellow envelope are indicated by red asterisks.

For the warning plot, a dashed black threshold line indicates the threshold used to determine the onset of the FCW
alert. The alert is considered on the first time the alert signal crosses this threshold line.

For the TTC plot, a dashed black threshold line indicates the minimum allowable TTC for the given test scenario. If the
FCW alert occurs before this minimum allowable TTC, a green dot appears. However, if there is no alert or the alert
occurs after the minimum allowable TTC, a red asterisk is shown on the plot.
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For the Ax plot, a dashed black threshold line is given for at a value of -0.05 g. For a test run to be valid, the
longitudinal acceleration of the Subject Vehicle must not fall below this threshold (i.e. the driver cannot apply any
brakes). Additionally, for test type 2, the plot indicating the longitudinal acceleration of the Principal Other Vehicle
includes a yellow envelope indicating the deceleration (0.3 g + 0.03 g) allowed while braking. Exceedance of this
threshold is indicated with red asterisks at the beginning and/or end of the threshold boundary.

Color Codes

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
2. Validation envelopes and thresholds
3. Instantaneous samplings
4. Text

1. Time-varying data color codes:
e Blue = Subject Vehicle data
e Magenta = Principal Other Vehicle data
e Brown = Relative data between SV and POV (i.e., TTC, lateral offset and 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 Yellow envelope = time varying data must be within limits at left and/or right ends
e Black threshold (Solid) = time varying data must not exceed this threshold in order to be valid
e Black threshold (Dashed) = for reference only — this can include warning level thresholds, TTC thresholds, and
acceleration thresholds

3. Instantaneous sampling 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
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4. Text color codes:
e Green = passing or valid value
¢ Red = failing or invalid value

Examples of time history plots for each test type (including passing, failing and invalid runs) are shown in Figure D1
through Figure D6. Actual time history data plots for the vehicle under consideration are provided subsequently.
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Figure D23. Time History for Run 18, FCW Test 2, Visual Warning
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Figure D24. Time History for Run 19, FCW Test 2, Audible Warning
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Figure D25. Time History for Run 19, FCW Test 2, Visual Warning
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Figure D27. Time History for Run 21, FCW Test 2, Visual Warning
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Figure D29. Time History for Run 22, FCW Test 2, Visual Warning
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Figure D31. Time History for Run 7, FCW Test 3, Visual Warning
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Figure D32. Time History for Run 8, FCW Test 3, Audible Warning
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Figure D33. Time History for Run 8, FCW Test 3, Visual Warning
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Figure D34. Time History for Run 10, FCW Test 3, Audible Warning
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Figure D35. Time History for Run 10, FCW Test 3, Visual Warning
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Figure D36. Time History for Run 11, FCW Test 3, Audible Warning
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Figure D37. Time History for Run 11, FCW Test 3, Visual Warning
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Figure D38. Time History for Run 12, FCW Test 3, Audible Warning
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Figure D39. Time History for Run 12, FCW Test 3, Visual Warning
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Figure D40. Time History for Run 13, FCW Test 3, Audible Warning
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Figure D41. Time History for Run 13, FCW Test 3, Visual Warning
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Figure D42. Time History for Run 14, FCW Test 3, Audible Warning
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Figure D43. Time History for Run 14, FCW Test 3, Visual Warning
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