NEW CAR ASSESSMENT PROGRAM
LANE DEPARTURE WARNING CONFIRMATION TEST
NCAP-DRI-LDW-21-09

2021 Kia Seltos SX Turbo AWD

DYNAMIC RESEARCH, INC.
355 Van Ness Avenue, STE 200
Torrance, California 90501

4 March 2021

Draft Report
Prepared Under Contract No. DTNH22-14-D-00333

U.S. DEPARTMENT OF TRANSPORTATION
National Highway Traffic Safety Administration
New Car Assessment Program
1200 New Jersey Avenue, SE
West Building, 4t Floor (NRM-110)
Washington, DC 20590



Prepared for the Department of Transportation, National Highway Traffic Safety
Administration, under Contract No. DTNH22-14-D-00333.

This publication is distributed by the U.S. Department of Transportation, National
Highway Traffic Safety Administration, in the interest of information exchange.
The opinions, findings, and conclusions expressed in this publication are those of
the author(s) and not necessarily those of the Department of Transportation or
the National Highway Traffic Safety Administration. The United States
Government assumes no liability for its contents or use thereof. If trade or
manufacturer's names or products are mentioned, it is only because they are
considered essential to the object of the publication and should not be construed
as an endorsement. The United States Government does not endorse products
of manufacturers.

Prepared By: J. Lenkeit and K. Nagao

Program Manager Test Engineer

Date: 4 March 2021




1. Report No.

NCAP-DRI-LDW-21-09

2. Government Accession No.

3. Recipient's Catalog No.

4. Title and Subtitle

Draft Report of Lane Departure Warning Confirmation Test of a 2021 Kia Seltos

SX Turbo AWD.

5. Report Date

4 March 2021

6. Performing Organization Code

DRI

7. Author(s)

J. Lenkeit, Program Manager
K. Nagao, Test Engineer

8. Performing Organization Report No.

DRI-TM-20-183

9. Performing Organization Name and Address

Dynamic Research, Inc.
355 Van Ness Ave, STE 200
Torrance, CA 90501

10. Work Unit No.

11. Contract or Grant No.

DTNH22-14-D-00333

12. Sponsoring Agency Name and Address

U.S. Department of Transportation
National Highway Traffic Safety Administration

New Car Assessment Program
1200 New Jersey Avenue, SE,

West Building, 4th Floor (NRM-110)

Washington, DC 20590

13. Type of Report and Period Covered

Draft Test Report
February - March 2021

14. Sponsoring Agency Code

NRM-110

15. Supplementary Notes

16. Abstract

These tests were conducted on the subject 2021 Kia Seltos SX Turbo AWD in accordance with the specifications of the New Car Assessment
Program’s (NCAP) most current Test Procedure in docket NHTSA-2006-26555-0135 to confirm the performance of a Lane Departure Warning
system. The vehicle passed the requirements of the test for all three lane marking types and for both directions.

17. Key Words

Lane Departure Warning,

LDW,

New Car Assessment Program,
NCAP

18. Distribution Statement

Copies of this report are available from the following:

NHTSA Technical Reference Division
National Highway Traffic Safety Administration

1200 New Jersey Avenue, SE
Washington, DC 20590

19. Security Classif. (of this report)

Unclassified

20. Security Classif. (of this page)

Unclassified

21. No. of Pages
150

22. Price




TABLE OF CONTENTS

SECTION PAGE
TR | 1 I 0 1 1 1 I [ ] 1
. DATA SHEETS ... e e e e e e e e e e e e e e e annnes 2
Data Sheet 1: Test Results Summary........cccooooeeiiiiiiiiiiiee e, 3

Data Sheet 2: Vehicle Data............ccooooeeeeieeiieee, 4

Data Sheet 3: Test ConditionS .......coooeeeeeeeiieeee, 5

Data Sheet 4: Lane Departure Warning System Operation ................. 7

[lIl. TEST PROCEDURES ..ottt 10
A.  Test Procedure OVEIVIEW .........ccccoiiiiiiiiiiiiiiee e 10

B. Lane Delineation Markings .........cooooimiuiiiieiiiieeeceee e 11

C. TestValidity ....cccoeieeeeie e 13

D.  Pass/Fail Criteria ......ccooeeeieieeeeeeeeeeeeee e 14

E. Instrumentation ... 14
APPENDIX A Photographs .......coooouuiiiiiee e A-1
APPENDIX B Excerpts from Owner's Manual..............ccooooiiiiiiininieiieeeen B-1
APPENDIX C RUN LOG ... iitiiiiiiiieee ettt e e e e e e e e e e e e e C1
APPENDIX D Time HIiStOreS.....ccieieieeeiieee e D-1



Section |
INTRODUCTION

The purpose of the testing reported herein was to confirm the performance of a Lane
Departure Warning (LDW) system installed on a 2021 Kia Seltos SX Turbo AWD. The
LDW system for this vehicle provides both visual and audible alerts. The vehicle passed
the requirements of the test for all three lane marking types and for both directions.

The test procedure is described in detail in the National Highway Traffic Safety
Administration (NHTSA) document "LANE DEPARTURE WARNING SYSTEM
CONFIRMATION TEST" dated February of 2013 (Docket No. NHTSA-2006-26555-
0135). Its purpose is to confirm the performance of LDW systems installed on light
vehicles with gross vehicle weight ratings (GVWR) of up to 10,000 Ibs. Current LDW
technology relies on sensors to recognize a lane delimiting edge line. As such, the test
procedures described in the document rely on painted lines, taped lines, or Botts Dots
being present on the test course to emulate those found on public roadways. Although it
is impossible to predict what technologies could be used by future LDW systems (e.g.,
magnetic markers, RADAR reflective striping, ultra violet paint, infrared, etc.), it is
believed that minor modifications to these procedures, when deemed appropriate, could
be used to accommodate the evaluation of alternative or more advanced LDW systems.
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DATA SHEETS



LANE DEPARTURE WARNING
DATA SHEET 1: TEST RESULTS SUMMARY
(Page 1 of 1)
2021 Kia Seltos SX Turbo AWD

VIN: KNDETCA29M718xxxx

Test Date: 2/17/2021

Lane Departure Warning setting: Lane Departure Warning - On;

Warning Timing - Normal

Test 1 — Continuous White Line Left: Pass Right:
Test 2 — Dashed Yellow Line Left: Pass Right:
Test 3 — Botts Dots Left: Pass Right:

Overall:
Notes:

Pass

Pass

Pass

Pass



LANE DEPARTURE WARNING
DATA SHEET 2: VEHICLE DATA
(Page 1 of 1)

2021 Kia Seltos SX Turbo AWD

TEST VEHICLE INFORMATION

VIN:  KNDETCA29M718xxxx

Body Style: SUV Color:  Cherry Black
Date Received: 2/8/2021 Odometer Reading: 11.mi

DATA FROM VEHICLE'S CERTIFICATON LABEL

Vehicle manufactured by: KIA MOTORS CORPORATION

Date of manufacture: 12/20
Vehicle Type: MPV

DATA FROM TIRE PLACARD
Tires size as stated on Tire Placard: Front: 235/45R18

Rear: 235/45R18

Recommended cold tire pressure:  Front: 230 kPa (33 psi)

Rear: 230 kPa (33 psi)

TIRES

Tire manufacturer and model: Kumho Majesty 9 Solus TA91

Front tire size: 235/45R18 94V

Rear tire size: 235/45R18 94V

Front tire DOT prefix: 1Y0 KRYAJ9

Rear tire DOT prefix: 1Y0 KRYAJ9



LANE DEPARTURE WARNING

DATA SHEET 3: TEST CONDITIONS

(Page 1 of 2)

2021 Kia Seltos SX Turbo AWD

GENERAL INFORMATION

Test date: 2/17/2021

AMBIENT CONDITIONS

Air temperature: 15 C (59 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:

Fuel tank is full:

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

Front: 230 kPa (33 psi)

Rear: 230 kPa (33 psi)

X
X

X



LANE DEPARTURE WARNING
DATA SHEET 3: TEST CONDITIONS
(Page 2 of 2)

2021 Kia Seltos SX Turbo AWD

WEIGHT

Weight of vehicle as tested including driver and instrumentation
Left Front: 481.3 kg (1061 Ib) Right Front: 460.8 kq (1016 Ib)

Left Rear: 347.5 kq (766 Ib) Right Rear: 324.3 kg (715 Ib)

Total: 1673.9 kg (3558 Ib)




LANE DEPARTURE WARNING
DATA SHEET 4: LANE DEPARTURE WARNING SYSTEM OPERATION
(Page 1 of 3)
2021 Kia Seltos SX Turbo AWD

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

Lane Departure Warning (LDW) (Standard equipment)

Type and location of sensor(s) used:

Camera, located near the rearview mirror

Lane Departure Warning Setting used in test:

Lane Departure Warning- On; Warning Timing - Normal

How is the Lane Departure Warning X  Warning light

presented 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 LDW system is turned on, a small indicator in the center of the
instrument cluster appears in white. At 45 mph and above, when lane markings
are detected, the symbol changes to green. When lane departure is detected,
the green indicator flashes on and off. See Appendix A, Figure A12.

The Auditory warning is a pulsed tone.




LANE DEPARTURE WARNING
DATA SHEET 4: LANE DEPARTURE WARNING SYSTEM OPERATION
(Page 2 of 3)
2021 Kia Seltos SX Turbo AWD

Is the vehicle equipped with a switch whose X Yes

purpose is to render LDW inoperable? No

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

The system can be disabled in two ways. A switch to the left of the steering
column can be used to turn the system on or off. See Appendix A, Fiqure A13.

The system can also be disabled using the system menus, accessed by a
setup button located at the bottom of the center display. See Appendix A,

Fiqure A11. The menu hierarchy is:
Setup
Vehicle Settings
Driver Assistance
Lane Safety
Select Off

See Appendix A, Figures A9 and A10.

Is the vehicle equipped with a control whose X Yes
purpose is to adjust the range setting or otherwise
influence the operation of LDW? No

If yes, please provide a full description.

The timing can be adjusted using the system menus, accessed by a setup
button located at the bottom of the center display. See Appendix A, Fiqure A11.

The menu hierarchy is:
Setup
Vehicle Settings
Driver Assistance
Warning Timing
Select Normal or Late
See Appendix A, Figures A9 and A10.




LANE DEPARTURE WARNING
DATA SHEET 4: LANE DEPARTURE WARNING SYSTEM OPERATION
(Page 3 of 3)
2021 Kia Seltos SX Turbo AWD

Are there other driving modes or conditions that X Yes

render LDW inoperable or reduce its effectiveness? No

If yes, please provide a full description.

Limitations of the system are described on pages 5-131 through 5-134 of the
Owner’s Manual, shown in Appendix B pages B-9 through B-12.

Notes:



Section Il

TEST PROCEDURES

A. Test Procedure Overview

Each LDW test involved one of three lane marking types: solid white lines, dashed
yellow lines, or Botts Dots. Lane departures were done both to the left and to the right,
and each test condition was repeated five times, as shown in Table 1.

Table 1. LDW Test Matrix

Lane Line Tvoe Departure Number of
Geometry yp Direction Trials
L 5
Solid
R 5
L 5
Straight Dashed
R 5
L 5
Botts Dots
R 5

Prior to the start of a test series involving a given lane marking type and departure
direction combination, the accuracy of the distance to lane marking measurement was
verified. This was accomplished by driving the vehicle to the approximate location at
which the lane departure would occur and placing the tire at the lane marking edge of
interest (i.e., distance to lane marking = 0). The real-time display of distance to the lane
marking was then observed to verify that the measured distance was within the
tolerance (5 cm). If the measured distance was found to be greater than the tolerance,
the instrumentation setup was checked and corrected, if necessary. If the measured
distance was found to be within the tolerance, the instrumentation setup was considered
appropriate and the test series was begun.

To begin the maneuver, the vehicle was accelerated from rest to a test speed of 72.4
km/h (45 mph), while being driven in a straight line parallel to the lane marking of
interest, with the centerline of the vehicle approximately 1.83 m (6.0 ft) from the lane
edge (i.e., such that the vehicle would pass through the center of the start gate). The
test speed was achieved at least 60 m (200 ft) before the start gate was reached.
Striking any start gate cones was not permitted, and any run in which a cone was struck
was considered to be invalid. Also, during the initialization and test phases, the test
driver avoided using turn signals and avoided applying any sudden acceleration,
sudden steering, or sudden braking, and any use of the turn signals, sudden
acceleration, sudden steering, or sudden braking invalidated the test trial.
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Data collection began with the vehicle at least 60 m (200 ft) from the start gate, which
was configured using a pair of non-reflective, low-contrast color traffic cones. A second
set of cones, placed 6 m (20 ft) longitudinally before the start gate, was used to guide
the driver into the start gate. The lateral width between the cone pairs was 20 cm (8 in)
greater than the width of the vehicle, and the centerline of each pair was laterally offset
from the lane marking by 1.8 m (6 ft).

Once the driver passed the gate, the driver manually input sufficient steering to achieve
a lane departure with a target lateral velocity of 0.5 m/s with respect to the lane line. As
shown in Figure 1, two additional non-reflective cones were used to guide the driver in
making this steering maneuver. Throughout the maneuver, the driver modulated the
throttle or used cruise control, as appropriate, such that vehicle speed remained at
constant speed. The test was considered complete when the vehicle crossed at least 1
m (3.3 ft) over the lane edge boundary.

K————90 m (300 ft) )r 60 m (200 ft) —)
® T
1.8 m (6 ft)
Lane marking
T - © 1.8m (6 ft)
: Test
W+20cm (8in) W |- Vehicie
\|/ b
©
\ Pylons used to assist the driver
achieve acceptable lateral velocity
6'm (20 ft) Test start point

(start gate)

Figure 1. Position of Cones Used to Assist Driver

Data collected included vehicle speed, position, and yaw rate. In addition to cone
strikes, vehicle speed and yaw rate data were used to identify invalid runs as described
in Section C below. Data from trials where speed or yaw rate were outside of the
performance specification were not considered valid.

B. Lane Delineation Markings

The New Car Assessment Program’s Test Procedure for the confirmation of a Lane
Departure Warning system contains a requirement that all lane markings meet United
States Department of Transportation (USDOT) specifications as described in the
Manual on Uniform Traffic Control Devices (MUTCD) and be considered in “very good
condition”.

11



1. Lane Marker Width

The width of the edge line marker was 10 to 15 cm (4 to 6 in). This is considered to be a
normal width for longitudinal pavement markings under Section 3A.05 of the MUTCD.

2. Line Marking Color and Reflectivity

Lane marker color and reflectivity met all applicable standards. These standards include
those from the International Commission of lllumination (CIE) for color and the
American Society for Testing and Materials (ASTM) on lane marker reflectance.

3. Line Styles

The tests described in this document required the use of three lane line configurations:
continuous solid white, discontinuous dashed yellow, and discontinuous with raised
pavement markers.

e Continuous White Line

A continuous white line is defined as a white line that runs for the entire length of
the test course.

e Dashed Yellow Line

As stated in the MUTCD, and as shown in Figure 2, a discontinuous dashed
yellow line is defined as by a series of 3 m (10 ft) broken (dashed) yellow line
segments, spaced 9.1 m (30 ft) apart.

e Raised Pavement Marker Line (Botts Dots)

California Standard Plans indicates raised pavement markers are commonly
used in lieu of painted strips for marking roads in California. Other states, mainly
in the southern part of the United States, rely on them as well. These markers
may be white or yellow, depending on the specific application, following the same
basic colors of their analogous white and yellow painted lines. Following the
California 2006 Standard Plans, three types of raised pavement markings are
used to form roadway lines. It is believed that these types of roadway markings
are the hardest for an LDW sensor system to process. Type A and Type AY are
non-reflective circular domes that are approximately 10 cm (4 in) in diameter and
approximately 1.8 cm (0.7 in) high. Type C and D are square markings that are
retro reflective in two directions measuring approximately 10 x 10 x 5 cm (4 x 4 x
0.5in), and Type G and H that are the same as C and D only retro reflective in a
single direction.

For the tests described in this document, raised pavement markers were set up
following California Standard Plan A20A, Detail 4, as shown in Figure 3. Note that in this
figure, the squares are Type D yellow reflectors and the circles are yellow Type AY
discs.

12



Figure 2. MUTCD Discontinuous Dashed Line Specifications

48’ )|
16' )|( 8' )|P8'—)|
%4'? o []

Yellow Type AY discs

Yellow Type D reflectors

Figure 3. California Standard Plan A20A, Detail 4

C. Test Validity

1. Speed

All LDW tests were conducted at 72.4 km/h (45 mph). Test speed was monitored and a
test was considered valid if the test speed remained within £ 2 km/h (£ 1.2 mph) of the
72.4 km/h (45 mph) target speed. It was required that the speed must remain within this
window from the start of the test until any part of the vehicle crossed a lane line by 1 m
(3.3 ft) or more.

2. Lateral Velocity

All tests were conducted with a lateral velocity of 0.1 to 0.6 m/s (0.3 to 2.0 ft/s),
measured with respect to the lane line at the time of the alert. To assist the test driver in
being able to efficiently establish the target lateral velocity, cones were positioned in the
manner shown in Figure 1.

13



3. Yaw Rate

It was required that the magnitude of the vehicle’s yaw rate could not exceed 1.0
deg/sec at any time during lane departure maneuver, from the time the vehicle passes
through the start gate to the instant the vehicle has crossed a lane line by 1 m (3.3 ft).

D. Pass/Fail Criteria

The measured test data were used to determine the pass/fail outcome for each trial.
The outcome was based on whether the LDW produced an appropriate alert during the
maneuver. In the context of this test procedure, a lane departure is said to occur when
any part of the two-dimensional polygon used to represent the test vehicle breaches the
inboard lane line edge (i.e., the edge of the line close to the vehicle before the departure
occurs). In the case of tests performed in this procedure, the front corner of the polygon,
defined as the intersection of the center of the front wheels (longitudinally) with the
outboard edge of the front tire (laterally), crossed the line edge first. So, for example, if
the vehicle departed its lane to the left, the left front corner of the polygon would first
breach the lane line edge.

For an individual trial to be considered a “pass”:

o Test speed, lateral velocity, and yaw rate validity conditions must be satisfied.

e The LDW alert must not occur when the lateral position of the vehicle is greater
than 0.75 m (2.5 ft) from the lane line edge (i.e., prior to the lane departure).

e The LDW alert must occur before the lane departure exceeds 0.3 m (1.0 ft).

For an overall, “Pass” the LDW system must satisfy the pass criteria for 3 of 5 individual
trials for each combination of departure direction and lane line type (60%), and pass 20
of the 30 trials overall (66%).

E. Instrumentation

Table 2 lists the sensors, signal conditioning, and data acquisition equipment used for
these tests.
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Table 2. Test Instrumentation and Equipment

Accuracy, Other

Calibration Dates

Type Output Range Primary Specs Mfr, Model Serial Number IBa:Js:
Tire Pressure Vehicle Tire 0-100 psi 0.5 psi Ashcroft By: DRI
) ’ : 18111410000 Date: 5/4/2020
Gauge Pressure 0-690 kPa 3.45 kPa D1005PS Due: 5/4/2021
Vehicle Total, 8000 Ib Intercom By: DRI
Platform Scales Wheel, and Axle 356 kN +1.0% of applied load SWII P. 0410MN20001 Date: 4/20/2020
Load ) Due: 4/20/2021
Latltu_de: 1.90 deg Horizontal Position: +1 | Trimble GPS
Differential Global Longitude: +180 deg cm Receiver
T Position, Velocity Altitude: 0-18 km . e ’ . 00440100989 N/A
Positioning System e Vertical Position: £2 cm | 5700 (base station
Velocity: 0-1000 o . ;
Velocity: 0.05 km/h and in-vehicle)
knots
Egrflt:?und:inal Latitude: £90 deg Position: £2 cm
9 N Longitude: +180 deg | Velocity: 0.05 km/h
Lateral, and Vertical . ; :
Accels: Altitude: 0-18 km Accel: £0.01% of full By: Oxford
) - Velocity: 0-1000 range . ; ions |
o . Lateral, Longitudinal ) ] 0 Oxford Technical Technical Solutions
Mu|tl-'AXIS Inertial and Vertical knogs Accel: £100 Angular Rate: £ 0.01% Solutions (OXTS), 2058 Date: 5/3/2019
Sensing System e m/s of full range . Due: 5/3/2021
Velocities: . . . Inertial+ ue:
. Angular Rate: Roll/Pitch Angle: £0.03
Roll, Pitch, Yaw
Rates: +100 deg/§ . deg ' .
Roll. Pitch, Yaw Angular Disp: Heading Angle: 0.1
A +180 deg deg
ngles
Real-Time Lateral Lane Dist: Lateral Distance to
Calculation of Distance and +30m Lane Marking: +2 cm Oxford Technical
Position and velocity to lane Lateral Lane Lateral Velocity to Lane | Solutions (OXTS), 97 N/A

Velocity Relative to
Lane Markings

markings

Velocity: +20 m/sec

Marking: £0.02m/sec

RT-Range

" Oxford Technical Solutions recommends calibration every two years.
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Accuracy, Other

Calibration Dates

Type Output Range Primary Specs Mfr, Model Serial Number IBe:‘s;
Sound Frequency . . . .
Microphone (to measure time at Response: ?'Eﬂil'atﬁng':e' 64 dB, ﬁ_tlj_gg)éTechnlca N/A N/A
alert) 80 Hz — 20 kHz
Light intensity o DRI designed and
Light Sensor (to measure time at Spectral Bandwidth: Rise time < 10 msec developed Light N/A N/A
440-800 nm
alert) Sensor
+.0020 in.
Coordinate . . +.051 mm By: DRI
Measurement ISmsrttlearlnSC?gs:S?nates 8:2 2 m (Single point Ei;?oﬁrm’ (L)J(%%-g 5-08- Date: 1/6/2021
Machine y ’ articulation accuracy) Due: 1/6/2022
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).

D-Space Micro-Autobox 11 1401/1513

Base Board

549068

1/0 Board

588523
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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 band-pass filter used for these warning signal types is a phaseless,
forward-reverse pass, elliptical (Cauer) digital filter, with filter parameters as listed in
Table 3.

Table 3. Audible and Tactile Warning Filter Parameters

. . Minimum
Warning Filter Peak-to- Stop Band Passband

Type Order Peak Ripple Attenuation Frequency Range

Identified Center

: th
Audible 5 3dB 60 dB Frequency = 5%

Identified Center

: th
Tactile 5 3dB 60 d8B Frequency + 20%

17



APPENDIX A

Photographs

A-1



Figure A1.
Figure A2.
Figure A3.
Figure A4.
Figure AS5.

Figure AG.

Figure A7.
Figure A8.

Figure A9.

Figure A10.
Figure A11.
Figure A12.

Figure A13.

LIST OF FIGURES

Page
Front View of Subject Vehicle...........ccccoi A-3
Rear View of Subject Vehicle ... A-4
Window Sticker (Monroney Label).........ccooooiiiiiiiiiiiiiieen A-5
Vehicle Certification Label ... A-6
Tire Placard ... A-7
DGPS, Inertial Measurement Unit, and MicroAutoBox Installed in
SUbJeCt VENICIE.......eeiiiiiiiiii A-8
Sensors for Detecting Visual and Auditory Alerts ........................ A-9
Computer Installed in Subject Vehicle ..., A-10
LDW Menus (page 1 0f 2) ..oueeeieiieeeeeeeceeee e A-11
LDW Menus (page 2 of 2) .....cooeviiiiiiiiiiiiiiie A-12
Button for Accessing System Menus.........cccooevvvviiiiiiiiiiee e, A-13
LDW Status Indicator/Visual Alert.............oooooiiiii, A-14
LDW on/Off SWItCN ....ccoiiiiiiiiieece e A-15

A-2









2021 SELTOS SX TURBO AWD
MODEL/OPT.CODE K4482/ 015

EXTERIOR COLOR: CHERRY BLACK
INTERIOR COLOR BLACK

VEHICLE ID NUMBER:  KNDETCA29M718
PORT OF ENTRY HUENEME

STANDARD FEATURES

STANDARD S TURBO AWD FEATURES
MECHANICAL
1.6L Turbo 4-Cylinder Engine
- 195 Ib-ft Torque @ 1,500 RPM
175 Horsepower @ 6,000 RPM
7-Speed Quick-Shift DCT Automatic
Torque Vectoring All-Wheel Drive w/ Center Lock
Drive Mode Select (DMS)

KIA DRIVEWISE DRIVER-ASSIST TECHNOLOGY
Forward Collision-Avoidance Assist-Pedestrian
Blind-Spot Collision Warning (BCW)

Blind-Spot Collision-Avoidance Assist-Rear (BCA-R)
Rear Cross-Traffic Collision Warning & Avoidance Assist
Lane Keeping Assist (LKA) & Lane Following Assist (LFA)
Lane Departure Warning (LDW)

Driver Attention Warning (DAW)

High Beam Assist (HBA)

SAFETY

Dual Front Advanced Airbags

Dual Front Seat-Mounted Side & Full-Length Curtain Airbags
Electronic Stability Control (ESC)

Downhill Brake/Hill-start Assist Control (DBC/HAC)

INTERIOR, COMFORT & CONVENIENCE |
8" Touchscreen w/ Android Auto & Apple CarPlay |
Rear View Camera with Dynamic Guidelines

USB Multimedia Port

Heated Front Seats

Combination Sofino Leatherette and Cloth Seat Trim
Leather-Wrapped Steering Wheel and Shift Knob

Sliding Front Ctr. Armrest, Rear Seat Ctr. Armrest

Remote Keyless Entry

Steering Wheel Controls (Bluetooth/Audio/Cruise)

60/40 Split-Folding and Reclining Rear Seats

Dual-Level Cargo Floor

EXTERIOR

18" Alioy Wheels, Roof Rails, Fog Lamps

Upgraded Grille with Integrated LED Light Bar

LED Daytime Hunnir:geL"ahts and Tail Lights

Power, Heated Quitsi irrors w/ LED Turn Signal Indicators
Compact Spare Tire

WARRANTY

10 Year/100,000 Mile Limited Powertrain Warranty
5 Year/60,000 Mile Limited Basic Warranty

5 Year/60,000 Mile Roadside Assistance

| - Power Driver's Seat w/ Power Lumbar

Sold Te: Ship To

MANUFACTURER'S SUGGESTED RETAIL PRICE b

COMPARE SX TURBO AWD FEATURES

Added to/in place of standard S 1.6T AWD features

- LED Headlights and Fog Lights |
UVO link* w/ Navigation, 10.25" display

A1 yr trial; see owners. kia.com for details

- Bose Premium Audio, Sound-Connected Lighting

- SIRIUSXM® w/free 3-mo. subscription®

*Ask dealer for details

- 7* LCD Color Instrument Cluster

- Smart Cruise Control w/ Stop & Go

- Highway Driving Assist (HDA)

- Electronic Parking Brake

- Sofino Seat Trim

Included |
Included
Included
Included
Included
Included
Included
Included

- Smart Key & Push Button Start

- Remote Start / Remote Climate (Key Fob)
- Wireless Phone Charger

- Full Automatic Temperature Control
- Auto-Dimming Rearview Mirror

- lluminated Sunvisor Mirror

- LED Overhead Interior Lighting

- Rear USB Charge Port

- Rear Passenger Air Vents

- Cargo Cover

- Safe Exit Assist (SEA)

Included
Included
Included
Included
Included
Included

| ADDITIONAL INSTALLED EQUIPMENT:

| (In addition to or in place of standard features)
| Cherry Black Paint

| SX Sunroof Package

| - Power Sunroof with Sunshade

Carpeted Floor Mats

$345.00
$700.00

$130.00

MSRP INCLUDING OPTIONS $29,065.00

INLAND FREIGHT AND HANDLING $1,120.00

TOTAL MANUFACTURER'S SUGGESTED RETAIL PRICE » IERIBE LX)

When you purchase this vehicle, Kia Motors America, Inc. collects personal information you
Provide to the dealership. For information on our collection and use of personal information
B0d your rights, please see our Privacy policy on www.kia.com
TAL ADDITIONAL WEIGHT: 5.8

AR

#1 MASS MARKET BRAND
IN INITIAL QUALITY,
A ROW.

| | 6 YEARS IN

PA 2
EO-T Fuel Economy and Environment

Fuel Economy

27 MPG i suis g
25 30

combined city/hwy city ighway

3.7 gallons per 100 miles

You SQve

- $0

in fuel costs
over 5 years
compared to the
average new vehicle.

fueleconomy.gov

Calculate per lized estimy

GOVERNMENT 5-STAR SAFETY RATINGS
Overall Vehicle Score Not Rated

Based on the combined rating of frontal, side and roliover.
Should ONLY be compared to other vehicles of similar size and weight

Not Rated
Crash Passenger Not Rated
Based on the risk of Injury In a frontal Impact.
Should ONLY be compared to other vehicles of similar size and weight

Side Front seat Not Rated

Crash Rear seat Not Rated
Star ratings based on the risk of injury (n a side impact.

Rollover
based on the risk of rollover in a sing

and compare vehicles

ARMAT

ORMATION

PARTS CONTENT INF
FOR VEHICLES IN THIS CAR
LINE U.S/CANADIAN
PARTS CONTENT: 0 %
MAJOR SOURCES OF
FOREIGN PARTS:
OREA:

Frontal Driver

Star ratings range from 1 to 5 stars (h kit ) with 5 being the highest

Source: National Highway Traffic Safety Admin:

Inchudes
and Ul tees, state and ocal taxes and other deales
the manutacturers suggested wtail price.

Figure A3. Window Sticker (Monroney Label)
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MANUFﬁ“‘T‘D’”ﬁEﬁTﬁ KOREABY
@y | A MOTORS CORPORATION

WK

cyWR 4245 LB PANT oH  TRIM WK
RIMS COLD TIREINFL |

R VRES
LB 235/43R18

l 3
TR 211708 1S5RS
" THS VEHICLE CONFORMS TO ALL

R ,
750418 . st SINGLE
7.5018 psi SINGLE

APPLICABLE USA. FEDERAL
T PREVENTION ST ANDARDS

MOTOR VEHICLE SAFETY AND THEF
IN EFFECT ON THE DATE OF MANUFACTURE SHOWN ABOVE. |

V. 1.\ KNDETCA

W

29M713
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< TIRE AND LOADING INFORMATION
Y RENSEIGNEMENTS SUR LES PNEUS ET LE CHARGEMENT

“SEATING CAPACITY | | FRONT . | REAR g

/) NOMBRE DE PLACES | BIAL 5 | AVANT 2 | ARRIERE

m weight of occupants and cargo should never exceed 390 kg or 860 Ibs.
Le poids total des occupants et du chargement ne doit jamais dépasser kg ou Ib.

COLD TIRE PRESSURE o 9
SIZE SEE OWNER'S |

PRESSION DES 3
WRIRIIONS PNEUS A FROID | h&%%?-ﬁbﬁgf ‘

235/45R18 230kPa, 33psi INFORMATION
VOIR LE MANUEL
S 230kPa, 33psi DE L'USAGER

POURPLUSDE
T125/80D16 420kPa, 60psi RENSEIGNEMENTS

Figure A5. Tire Placard
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Figure A7. Sensors for Detecting Visual and Auditory Alerts
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Figure A8. Computer Installed in Subject Vehicle
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712140». Fri, Feb. 19 w 12:8) o  Eri,Feb. 19

" Setup
Outside

106.1 E3F s a -

Voice Device Vehicle
Recognition Connections

User Profile Sound

Weather Information
Unavailable.

m 5 @ &

Display General uvo

<SEEK  TRACK>  RADIO MEDIA  SETUP

i o

(SEEK  TRACK> RADIO WMEDIA  SETUP

'y 12:41eu  Fri, Feb.19
~ Vehicle Settings

Driving Convenience

Warning Timing

Normal

(SEEK  TRACK>  RADIO MED\A  SETUP

Figure A9. LDW Mnus (page 1 of 2)
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S B
Q

Warning Volume
High

Menu

Driver Attention Warning

Forward Safety
Active Assist

Lane Safety

Lane Departure Warning
Blind-Spot Safety

%4

12:42/  Fri, Feb. 19

Driver Assistance

O Lane Keeping Assist

(® Lane Departure Warning

O o

Provides a warning when the vehicle
leaves the lane.

/ =\

¢SEEK  TRACK>  RADIO MEDIA  SETUP

12:8)em  Fri, Feb. 19
Driver Assistance

Ll RS SRR
® Normal ‘

O Late

Sets when to provide a warning to the

Forward Saf;t;

b g SEEK  TRACK> RADIO WMEDIA  SETUP

Figure A10. LDW Menus (page 2 of 2)
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) Radio USrtusxxm)) . “SR

m “'§\\\\ ™
e

\l

RACK > RADIO

e
]

Figure A11. Button for Accessing System Menus
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B 295 mi o= 49 vPH

Figure A12. LDW Status Indicator/Visual Alert
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Figure A13. LDW on/off Switch




APPENDIX B

Excerpts from Owner’'s Manual
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Features of your vehicle LCD display

LCD Display Modes
You can switch modes by pressing the Mode button.

»

Trip Computer  TurnByTurn  Driving User Settings Master warning
(TBT)* Assist
Route Guid- | SCC*/ Lane . The Master Warning
RUEICEon ance Safety hearU Rl mode displays waming
o Driver messages related to
Aecurmulated Info. | DESONEMON | spetion | Driver Assisterce [the vehicle when one or
Info Warning more systems is nat
——— operating normally.
% Drive Info AWD* : 4
S Lights
Up/Down | Transmission Tem- ;
Convenience
perature
Service Interval
L Other features
Language
Reset

The information provided may differ depending on which functions are
applicable to your vehicle.

< NOTICE /¢

Keep the engine running when con-
figuring the display settings to pre-
vent the battery from discharging.




Features of your vehicle LCD display

Trip Computer made Driving Assist mode

Fuel Economy Lane Keeping Assist

Average 16.Bwrc
S — — -
0 10 20 30

The trip computer mode displays This mode displays the state of:
information related to vehicle driv- + SCC (if equipped)

ing parameters including fuel econ- - Lane Safety system (if equipped)
omy, tripmeter information and « Driver Attention Warning (if
vehicle speed. equipped)

-+ AWD (if equipped)

* For more details, refer to "Trip .
+ Tire pressure

information (trip computer)" on

page 4-68. * For more details, refer to each
system information in "Driving
Turn By Turn (TBT) mode your vehicle” on page 5-6.

Tire pressure status

* For more details, refer to "Tire
Pressure Monitoring System
(TPMS) (if equipped)" on page 6-
10.

This mode displays the state of the
navigation.
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Features of your vehicle

LCD display

1. Head-Up Display (if equipped)

[tems Explanation

Display Height

Adjust the height (1~20) of the HUD image on the HUD
screen.

Rotation Adjust the degree (-5~+5) of the HUD rotation.
Brightness Adjust the intensity (1~20) of the HUD brightness.
Speed Size Small/Medium/Large
Speed Color White/Orange/Green

2. Driver Assistance (if equipped)

[tems Explanation

Driving Assist

+ Highway Driving Assist
- Highway Auto Curve Zone Slowdown
To select the functions.

Warning Timing

- Normal/Later
To select the Warning time

Warning Volume

+ High/Medium/Low
To select the Warning volume

Driver Attention Warning

- Leading vehicle departure alert

+ Inattentive Driving Warning

To select the function.

* For more details, refer to the "Driver Attention Warning
(DAW)" on page 5-145.

Forward Safety

To adjust Forward Collision-Avoidance Assist system.
- Active Assist / Warning Only / Off
To select the functions.

Lane Safety

To adjust Lane Keeping Assist system.
- Lane Keeping Assist / Lane Departure Warning / Off
To select the functions.

Blind-Spot Safety

To select the functions.

- Safe Exit Assist

To adjust Blind-Spot Collision-Avoidance Assist system.
- Active Assist / Warning Only / Off

B-4



Driving your vehicle

The color of the indicator will
change depending on the condition
of the LKA,

- White: Sensor does not detect the
lane marker or vehicle speed is
less than 40 mph (64 km/h).

+ Green: Sensor detects the lane
marker and system is able to con-
trol the steering.

LKA system function change

The driver can change LKA to Lane
Departure Warning system or
change LKA system mode from the
LCD display or infotainment system
display. Go to the 'User Settings —
Driver Assistance — Lane Safety —
Lane Keeping Assist/Lane Departure
Warning/Off',

If your vehicle is equipped with an
infotainment system, you can learn
how to setup on the website via QR
code in the infotainment quick ref-
erence guide.

Lane Keeping Assist

This mode guides the driver to help
keep the vehicle within the lanes. It
rarely controls the steering wheel,
when the vehicle drives well inside
the lanes. However, it starts to con-
trol the steering wheel, when the
vehicle is about to deviate out of the
lane.

Lane Keeping Assist (LKA)

Lane Departure Warning

Lane Departure Warning alerts the
driver with a visual warning and a
warning alarm when the system
detects the vehicle departing the
lane. The steering wheel will not be
controlled.

off

If you select 'Off', LKA system is
deactivated.

:'ET\ Note that the vehicle

o Y speed must be at least
approximately 40 mph (64 km/h) to
ENABLE LKA system. The indicator
in the cluster will illuminate green.

The calor of indicator will change
depending on the condition of LKA
system.

+ White: Sensor does not detect
lane markers or vehicle speed is
under 40 mph (64 km/h).

+ Green: Sensor detects lane mark-
ers and the system is able to con-
trol vehicle steering.

i norice — /f)

If the indicator (white) is activated
from the previous ignition cycle, the
system will turn ON without any
additional control. If you press LKA
button again, the indicator on the
cluster goes off.

127

B-5



Driving your vehicle

LKA system operation

Lane Keeping Assist

+ To see LKA system screen on the
LCD display in the cluster, select
Driving Assist mode (/5\). For
more details, refer to "LCD Display
Modes" on page 4-59.

After LKA is activated, if the lane
markers are detected, vehicle
speed is over 40 mph (64 km/h)
and all the activation conditions
are satisfied, a green steering
wheel indicator will illuminate and
the steering wheel will be con-
trolled.

A WARNING /|

Lane Keeping Assist system is a
system to help prevent the driver
from leaving the lane. However, the
driver should not solely rely on the
system but always check the road
conditions and surroundings when
driving.

128

Lane Keeping Assist (LKA)

Lane marker undetected

Lane Keeping Assist

T —

05P2049108L

Lane marker detected

Lane Keeping Assist

/2\

0SP2059173L

If vehicle speed is over 40 mph (64
km/h) and the system detects
lane markers, the color of lanes
changes from gray to white.
Both lane markers must be
detected for the system to fully
activate.



Driving your vehicle

« If your vehicle departs from the
projected lane in front of you, LKA
system operates as follows:

Lane Keeping Assist

0SP2059129L

Lane Keeping Assist

2\

1. A visual warning appears on the
cluster LCD display. Either the left
lane marker or the right lane
marker in the cluster LCD display
will blink depending on which
direction the vehicle is veering.
Also, a warning sound will be
heard.

2. LKA system will control the vehi-
cle's steering to prevent the vehi-
cle from crossing the lane marker
in below conditions.

+ Vehicle speed is over 40 mph
(64 km/h)

Lane Keeping Assist (LKA)

+ The system detects both lanes

+ When driving, the vehicle is
located between both lanes
normally.

+ The steering wheel is not
turned suddenly.

When both lane markers are
detected and all the conditions to
activate LKA system are satisfied, a
LKA system indicator light will
change from white to green. This
indicates that LKA system is in the
ENABLED state and the steering
wheel will be controlled.

Warning light and message

Keep hands on steering wheel

Keep hands
on steering wheel

If the driver takes their hands off
the steering wheel for several sec-
onds while LKA system is activated,
the system will warn the driver.
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Driving your vehicle Lane Keeping Assist (LKA)

A WARNING / ‘ ggse:: ”l;ane Keeping Assist (LKA)

- The warning message may
appear late according to road
conditions. Therefore, always
have your hands on the steering Eheck lorp Keeping
wheel while driving. Assist (LKA) system

- |f you hold the steering wheel —e
lightly, the system may generate ¥ ﬁ&
hands off warning.

- The driver is responsible for accu- I there is a problem with the sys-

rate steering. tem, a message will appear for a

- Even though the steering is few seconds. If the problem contin-
assisted by the system, the driver ~ Ues LKA system failure indicator will
may control the steering wheel. illuminate.

« Turn off the system and drive the
vehicle in below situations. LKA system indicator
- In bad weather - :ﬁ\ LKA system indicator
- In'bad road condition - N (yellow) will iluminate if

- When the steering wheel needs
to be controlled by the driver
frequently.

- When towing a vehicle or trailer.

LKA system is not working properly.
You should have the vehicle
inspected by an authorized Kia

. dealer.
+ The steering wheel may feel
heavigr when the steering wheel When there is a problem with the
is assisted by the system than system do one of the following:

when it is not. + Turn the system on after turning

the engine off and on again.

+ Check if the ignition switch is in
the ON position.

+ Check if the system is affected by
the weather. (e.g. fog, heavy rain,
etc.)
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Driving your vehicle

+ (Check if there is foreign matter on
the camera lens.

If the problem is not solved, you

should have the vehicle inspected by

an authorized Kia dealer.

LKA system will not be in the
ENABLED state and/or the steer-

ing wheel will not be assisted when:

- The turn signal is turned on
before changing a lane. If you
change lanes without the turn
signal on, the steering wheel
might be controlled.

- The vehicle is not driven in the
middle of the lane when the sys-
tem is turned on or right after
changing a lane.

+ ESC (Electronic Stability Control)
or VSM (Vehicle Stability Manage-
ment) is activated.

- The vehicle is driven on a sharp
curve,

+ The steering will not be assisted
when vehicle speed is below 40
mph (64 km/h). Always obey all
traffic laws and drive safely.

+ The steering will not be assisted
when you change lanes quickly.

+ The steering will not be assisted
when you brake suddenly.

- The steering will not be assisted
when the lane is very wide or nar-
row.

« There are more than two lane
markers such as a construction
area.

+ Radius of a curve is too small.

Lane Keeping Assist (LKA)

- When you turn the steering wheel
suddenly, the LKA will be disabled
temporarily.

- Driving on a steep slope or hill.

+ Starting the engine or initializing
(or rebooting) the Front View
Camera for about 15 seconds

Limitations of the system

LKA system may operate prema-
turely even if the vehicle does not
depart from the intended lane or,
LKA system may not assist your
steering or warn you if the vehicle
leaves the intended lane under the
following circumstances:

When the lane and road conditions

are poor

- It is difficult to distinguish the
lane marker from road when the
lane marker is covered with dust
or sand.

« It is difficult to distinguish the
lane marking from the road sur-
face or the lane marking is faded
or not clearly marked.

- Itis difficult to distinguish the
color of the lane marker from the
road.

+ There are markings on the road
surface that look like a lane
marker that is inadvertently being
detected by the camera.

+ The lane marker is indistinct or
damaged.
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Driving your vehicle

+ The lane marker is merged or
divided (e.g. tollgate).

+ The lane number increases or
decreases or the lane marker are
crossing complicatedly.

+ There are more than two lane
markers on the road in front of
you.

+ The lane marker is very thick or
thin.

+ The lane is very wide or narrow.

+ The lanes ahead are not visible
due to rain, snow, water on the
road, damaged or stained road
surface, or other factors.

+ The shadow is on the lane marker
by a median strip, trees, guardrail,
noise barriers, etc.

+ The lane markers are complicated
or a structure substitutes for the
lines such as a construction area.

+ There are crosswalk signs or
other symboals on the road.

+ The lane marker in a tunnel is
stained with oil, etc.

+ The lane suddenly disappears
such as at the intersection.

When external condition is inter-

vened

+ The brightness outside changes
suddenly such as when entering
or exiting a tunnel, or when pass-
ing under a bridge.

+ The brightness outside is too low
such as when the headlamps are
not on at night or the vehicle is
going through a tunnel.
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Lane Keeping Assist (LKA)

There is a boundary structure in
the roadway such as a concrete
barrier, guardrail and reflector
post that is inadvertently being
detected by the front view cam-
era.

When light coming from a street
light or an oncoming vehicle is
reflected on a wet road surface
such as a puddle in the road.
Road surface is not evenness.
The distance from the vehicle
ahead is very short or the vehicle
ahead drives hiding the lane line.
The field of view in front is
obstructed by sun glare.

There is not enough distance
between you and the vehicle in
front to be able to detect the lane
marker or the vehicle ahead is
driving on the lane marker.
Driving on a steep grade, over a
hill, or when driving on a curved
road.

The adverse road conditions
cause excessive vehicle vibrations
while driving.

The surrounding of the inside rear
view mirror temperature is high
due to direct sunlight, etc.



Driving your vehicle

When front visibility is poor

+ The windshield or the camera lens
is covered by strange materials.

+ The windshield glass is fogged up;
a clear view of the road is
obstructed.

+ Placing objects on the dashboard,
etc.

+ The front view camera cannot
detect the lane because of fog,
heavy rain or snow.

A WARNING /']

Lane Keeping Assist system is a
system designed to help prevent the
driver from leaving the lane. How-
ever, the driver should not solely
rely on the system but always take
the necessary actions for safe driv-
ing practices.

Lane Following Assist (LFA)

Lane Following Assist (LFA)

Lane Following Assist system helps
detect lane markers on the road
with a front view camera at the
front windshield, and assists the
driver's steering to help keep the
vehicle between lanes.

0SP2N05901 1

A WARNING /¢

+ Itis the driver's responsibility to
operate the steering wheel for
safe driving.

+ Do not turn the steering wheel
hastily if Lane Following Assist
system is activated.

+ Lane Following Assist system is
designed to provide steering
inputs so that the vehicle can stay
in the center of the detected lane.
LFA system does not automati-
cally control the steering wheel at
all times, which means the driver
must have hands on the wheel at
all times while driving.
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Driving your vehicle

- When using LFA system, always
be aware of your surroundings
and road conditions that may
interrupt or stop LFA system.

A CAUTION '

- Do not attach glass tinting, stick-
ers, accessories to the windshield
near the front camera near where
the indoor mirror is placed.

- Inspection or modification may be
required when replacing parts
related to the windshield or front
camera. Have the system be
inspected by an authorized Kia
dealer.

- Depending on your surroundings
and road conditions, LFA system
could fail to recognize the lane
and stop working. As such, extra
caution is required while driving
with LFA system on.

+ Be sure to check the non-operat-
ing conditions and cautions for
the driver before using LFA sys-
tem.

- Do not place reflective materials,
such as white paper or mirror, on
the dashboard. Sunlight reflec-
tions can cause LFA system to not
function properly.

+ Loud audio volumes can prevent
the occupants from hearing the
alarm sounds from LFA system.

- Keeping your hands off the wheel
while driving will trigger the

134

Lane Following Assist (LFA)

hands-off warning and deactivate
the steering-assist system.

- When driving at a high speed, the
steering assist force can become
weak and the vehicle can drive out
of its lane, requiring extra caution.
Comply with the speed limit.

- Attaching an object to the steer-
ing wheel could deter steering
assistance.

« Attaching an object to the steer-
ing wheel could deter the hands-
off alarming system.

LFA operation

With the ENGINE START/STOP but-
tonis in the ON or START position,
Lane Following Assist can be acti-

vated by pressing the button (@)
on the steering wheel.

0SP2N053003
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APPENDIX C

Run Log
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Subject Vehicle: 2021 Kia Seltos SX Turbo AWD

Driver:

K. Nagao

Note: For Distance at Warning, positive values indicate inside the lane

Test Date: 2/17/2021

. . Distance Distance
R | e | N | vt | 2LVl | Pasa
Alert (ft)
1 N Lateral velocity
2 N SV speed
3 N SV yaw
4 N SV yaw
5 N SV yaw
6 N SV speed
7 Y -0.62 -0.75 Pass
8 Y -0.82 -0.91 Pass
9 Botts Left N SV yaw
10 Y -0.63 -0.83 Pass
11 Y -0.72 -0.90 Pass
12 N Lateral velocity
13 Y -0.77 -0.84 Pass
14 N SV yaw
15 Y -0.76 -0.90 Pass
16 Y -0.82 -0.98 Pass
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Distance

. . Distance
Run Lane Marking D?part_ure Valid a_t at Visual | Pass/Fail Notes
Type Direction | Run? | Audible Alert (ft)
Alert (ft)

17 N

18 N

19 N

20 N

21 N '

Botts Right Test setup did not conform to NCAP test

22 N procedures. See runs 59-67
23 N

24 N

25 N

26 N

27 N Lateral velocity

28 Y -0.45 -0.63 Pass

29 N SV yaw

30 Y -0.41 -0.56 Pass

31 Y -0.39 -0.49 Pass

Dashed Right

32 Y -0.38 -0.61 Pass

33 Y -0.54 -0.70 Pass

34 N Lateral velocity

35 Y -0.44 -0.57 Pass

36 Y -0.47 0.72 Pass

37 Y -0.63 -0.77 Pass

Dashed Left
38 Y -0.66 -0.83 Pass
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Distance

. . Distance
R | | hows | Aupi | SVt | pasa
Alert (ft)

39 Y -0.60 -0.71 Pass
40 Y -0.67 -0.75 Pass
41 Dashed Left Y -0.64 -0.79 Pass
42 Y -0.68 -0.79 Pass
43 Y -0.59 -0.68 Pass
44 Y -0.59 -0.67 Pass
45 Y -0.52 -0.69 Pass
46 Y -0.56 -0.64 Pass
47 Solid Left Y -0.58 -0.67 Pass
48 Y -0.59 -0.71 Pass
49 Y -0.66 -0.82 Pass
50 Y -0.62 -0.80 Pass
51 Y -0.39 -0.57 Pass
52 Y -0.47 -0.58 Pass
53 Y -0.56 -0.64 Pass
54 ) ) Y -0.50 -0.59 Pass
55 Solid Right Y -0.59 -0.78 Pass
56 Y -0.50 -0.61 Pass
57 Y -0.60 -0.72 Pass
58 Y -0.63 -0.74 Pass Extra run
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Distance

. . Distance
| e | N | v | 2LVl | Pasaa
Alert (ft)
Retest of Botts Right condition 3 May 2021

59 Y -0.65 -0.76 Pass (Retest run 1)

60 Y -0.68 -0.81 Pass (Retest run 2)

61 N (Retest run 3) Lateral velocity
62 Y -0.69 -0.80 Pass (Retest run 4)

63 Botts Right Y -0.70 -0.83 Pass (Retest run 5)

64 Y -0.73 -0.83 Pass (Retest run 6)

65 N (Retest run 7) Yaw rate
66 Y -0.70 -0.85 Pass (Retest run 8)

67 Y -0.70 -0.81 Pass (Retest run 9)
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APPENDIX D

Time History Plots
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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 the Subject Vehicle, 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 for data envelopes.

Time History Plot Description

Time history figures include the following sub-plots:
e Warning — Indicates timing of warning issued by LDW system. Depending on the type of LDW alert or
instrumentation used to measure the alert, this can be any of the following:

Filtered and rectified sound signal

Filtered and rectified acceleration (e.g., steering wheel vibration)
Light sensor signal

Discrete on/off value

O O O O

e Speed (mph) — Speed of the Subject Vehicle
e Yaw Rate (deg/sec) — Yaw rate of the Subject Vehicle

e Distance to Lane Edge (ft) — Lateral distance (in lane coordinates) from the outer front tire bulge to the inside
edge of the lane marking of interest for a given test (a positive value indicates the vehicle is completely within
the lane while a negative value indicates that the outer front tire bulge has crossed over the inner lane marking
edge). The distance to the lane edge at the moment the LDW alert is issued, is displayed to the right of subplot.

e Lateral Lane Velocity (ft/sec) — Lateral velocity (in lane coordinates) of the outer front tire bulge
e Bird’s Eye View — Indicates the position of the Subject Vehicle with respect to the lane marking of interest for a

given test. Green rectangles represent the Subject Vehicle’s position at approximately 2 second intervals, while
the yellow rectangle indicates the position of the Subject Vehicle at the time of LDW warning issuance.



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 right end. Exceedances
at the right extent of a yellow envelope are indicated by red asterisks. Data within the boundaries at the right extent of a
yellow envelope are indicated by green circles.

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

Color Codes
Color codes have been adopted to easily identify the types of data, envelopes, and thresholds used in the plots.

Color codes can be broken into three categories:
1. Validation envelopes and thresholds
2. Instantaneous samplings
3. Text

1. 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
¢ Yellow envelope = time varying data must be within limits at right end
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 which are used to
determine the timing of the alert

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

Other Notations

¢ NG - Indicates that the value for that variable was outside of bounds and therefore “No Good”.
e No Wng — No warning was detected.

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 (including passing, failing and invalid runs) are shown in Figure D1 through Figure D3.

Actual time history data plots for the vehicle under consideration are provided subsequently.
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Test setup did not conform to NCAP test procedures for runs 17-26. See runs 59-67.
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. Time History for Run 31, Dashed Line, Right Departure, Visual Warning
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. Time History for Run 32, Dashed Line, Right Departure, Auditory Warning
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Figure D25. Time History for Run 32, Dashed Line, Right Departure, Visual Warning
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Figure D26. Time History for Run 33, Dashed Line, Right Departure, Auditory Warning
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D-40



Visual
Warning
o
w
|

Dist to
Lane Edge

Lateral Lane

D-41
LDW Test

SeltosLDW-037
\ |

I I
bt Mooy

__________________________________________________________________ —f__T______

r:da}mmw'.krw

Speed

(mph)
B
T

a
=
I
|
|
|
\

N

Yaw Rate
(deg/sec)
T

_ -,
o N

(ft)

-0.77 ft

(ft/sec)
O N Bl O O

Velocity
R
|

S

Time (sec)

GPS Fix Type: RTK Fixed

Figure D33. Time History for Run 37, Dashed Line, Left Departure, Visual Warning



Dist to
Lane Edge

Lateral Lane

(mph)

Yaw Rate
(deg/sec)
o

Velocity

(ft)
S ol

O N B0 O O
[

(ft/sec)
LA

LDW Test

SeltosLDW-038
\ |

-0.66 ft

Time (sec)

GPS Fix Type: RTK Fixed

Figure D34. Time History for Run 38, Dashed Line, Left Departure, Auditory Warning

D-42



Visual
Warning
[}
w

Speed
(mph)

a
=

Yaw Rate
(deg/sec)
o

Dist to

Lane Edge

Lateral Lane
Velocity

~
>

N

(ft)
S ol

O N B2 © O

(ft/sec)
LA

LDW Test

SeltosLDW-038
T | | | | |
'.-J*H«-ﬂdmﬂ-ﬂuw.mh.tﬁdmw| Mt —
_____________________________________________________________ |___}_______-
L .
|
|
_ \ \ | | | M‘% |
\ \ | | | | |
| | | | | | |
T T | | | | |
| | | | | | |
I I I I I | I
\ \ | | | I
I I I I I | I
| | | | | | |
3 -2 0 2 3 4 5 6 7
Time (sec)
(= [ —

GPS Fix Type: RTK Fixed

Figure D35. Time History for Run 38, Dashed Line, Left Departure, Visual Warning

-0.83 ft



Dist to
Lane Edge

Lateral Lane

LDW Test

Yaw Rate Speed Audlt?le
(f) (deg/sec) (mph) Warning
> ab o

O N B2 © O

(ft/sec)

Velocity
R

S

SeltosLDW-039
\ |
_______ f______f______f______f______f______f______f_______?if
\ | \ \ \ | |
| | | | | | | | |
\ | \ \ \ | | | |
| | | | |
\ | \ \ \ | | | |
- Y =
o
- S _ 19
- _ -
T e— [
| | | | | | | | [
\ | \ \ \ | | |
| | | | | | | |
3 -2 1 1 2 3 4 6 7 8
Time (sec)
= | (= | =] -

Figure D36

GPS Fix Type: RTK Fixed

. Time History for Run 39, Dashed Line, Left Departure, Auditory Warning
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Figure D41. Time History for Run 41, Dashed Line, Left Departure, Visual Warning
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Figure D45. Time History for Run 43, Dashed Line, Left Departure, Visual Warning
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Figure D58. Time History for Run 50, Solid Line, Left Departure, Auditory Warning
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Figure D59. Time History for Run 50, Solid Line, Left Departure, Visual Warning
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Figure D61. Time History for Run 51, Solid Line, Right Departure, Visual Warning
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Figure D62. Time History for Run 52, Solid Line, Right Departure, Auditory Warning
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Figure D63. Time History for Run 52, Solid Line, Right Departure, Visual Warning
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Figure D64. Time History for Run 53, Solid Line, Right Departure, Auditory Warning
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Figure D65. Time History for Run 53, Solid Line, Right Departure, Visual Warning
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Figure D66. Time History for Run 54, Solid Line, Right Departure, Auditory Warning
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Figure D67. Time History for Run 54, Solid Line, Right Departure, Visual Warning

D-75



Dist to
Lane Edge

Lateral Lane

Yaw Rate

Velocity

LDW Test
SeltosLDW-055
\

-0.59 ft

Time (sec)

GPS Fix Type: RTK Fixed

Figure D68. Time History for Run 55, Solid Line, Right Departure, Auditory Warning
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Figure D69. Time History for Run 55, Solid Line, Right Departure, Visual Warning
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Figure D71. Time History for Run 56, Solid Line, Right Departure, Visual Warning
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Figure D72. Time History for Run 57, Solid Line, Right Departure, Auditory Warning
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Figure D73. Time History for Run 57, Solid Line, Right Departure, Visual Warning
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Figure D74. Time History for Run 58, Solid Line, Right Departure, Auditory Warning
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Figure D75. Time History for Run 58, Solid Line, Right Departure, Visual Warning
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Time History for Run 59, Botts Dots, Right Departure, Auditory Warning
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Figure D77. Time History for Run 59, Botts Dots, Right Departure, Visual Warning
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Figure D78. Time History for Run 60, Botts Dots, Right Departure, Auditory Warning
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Figure D79. Time History for Run 60, Botts Dots, Right Departure, Visual Warning
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Time History for Run 62, Botts Dots, Right Departure, Auditory Warning
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Figure D81. Time History for Run 62, Botts Dots, Right Departure, Visual Warning
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Figure D82

. Time History for Run 63, Botts Dots, Right Departure, Auditory Warning

D-90



Dist to
Lane Edge

Lateral Lane

Visual

Speed
(mph)

a
=

Yaw Rate
(deg/sec)
o

Velocity

~
>

N

LDW Test
SeltosLDW-063
] ' I -
r|
I Mﬂ -
__________________________________________________________________ F —_———— _
- l l : ! | | W m a
| | | | | |
L | | | | | | ]
I | : | | |
- —— e ] |
| | | | | |
| | : | | |
_ =
o
] o — — 1%
S —
| ! : ' | | —
| | : | | |
———— ——————————v ]
L | | | | | | N
2 0 2 4 5 . -
Time (sec)
| = = — - = -
GPS Fix Type: RTK Fixed

Figure D83. Time History for Run 63, Botts Dots, Right Departure, Visual Warning
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Figure D84. Time History for Run 64, Botts Dots, Right Departure, Auditory Warning
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Figure D85. Time History for Run 64, Botts Dots, Right Departure, Visual Warning
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Figure D86. Time History for Run 66, Botts Dots, Right Departure, Auditory Warning
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Figure D87. Time History for Run 66, Botts Dots, Right Departure, Visual Warning
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Figure D89. Time History for Run 67, Botts Dots, Right Departure, Visual Warning
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