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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 K5 EX. The LDW system for
this vehicle provides both visual and auditory 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 K5 EX

VIN:  5XXG34J2XMGO0xxxx

Test Date: 2/17/2021

Lane Departure Warning setting: Lane Safety - Warning Only

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 K5 EX

TEST VEHICLE INFORMATION

VIN:  5XXG34J2XMG00xxxx

Body Style: Sedan Color: Ebony Black
Date Received: 2/8/2021 Odometer Reading: 38 mi

DATA FROM VEHICLE'S CERTIFICATON LABEL

Vehicle manufactured by: Kia Motors Manufacturing Georgia, Inc.

Date of manufacture: JUL/14/20

Vehicle Type: Passenger 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: Pirelli P-Zero All Season

Front tire size: 235/45R18 94V

Rear tire size: 235/45R18 94V

Front tire DOT prefix: 1UN WB459E

Rear tire DOT prefix: 1UN WB459E




LANE DEPARTURE WARNING
DATA SHEET 3: TEST CONDITIONS
(Page 1 of 2)

2021 Kia K5 EX

GENERAL INFORMATION

Test date: 2/17/2021
AMBIENT CONDITIONS
Air temperature: 12.8 C (65 F)
Wind speed: 6.2 m/s (13.8 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)




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

2021 Kia K5 EX

WEIGHT

Weight of vehicle as tested including driver and instrumentation
Left Front: 494.9 kg (1091 Ib) Right Front: 465.4 kg (1026 Ib)

Left Rear: 334.8 kg (738 Ib) Right Rear: 332.9 kg (734 Ib)

Total: 1628.0 kg (3589 Ib)




LANE DEPARTURE WARNING
DATA SHEET 4: LANE DEPARTURE WARNING SYSTEM OPERATION
(Page 1 of 3)
2021 Kia K5 EX

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

Lane Keep Assist, standard equipment

Type and location of sensor(s) used:

Camera, located near the rearview mirror

Lane Departure Warning Setting used in test:

Lane Safety - Warning Only

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, Fiqure A11.

The auditory warning is a pulsed 760 Hz tone.




LANE DEPARTURE WARNING
DATA SHEET 4: LANE DEPARTURE WARNING SYSTEM OPERATION
(Page 2 of 3)
2021 Kia K5 EX

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 A12.

The system can also be disabled using the system menus in the center display.
The menu hierarchy is:
Setup
Vehicle Settings
Driver Assistance

Lane Safety,
Toggle Off or On.

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 menus in the center display. 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 K5 EX

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 5-95 through 5-97 of the
Owner's Manual, shown in pages B-10 through B-12 of Appendix B.

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) )I( 60 m (200 ft) —
® T
1.8 m (6 ft)
Lane marking
o ) T
T 7 1.8 m (6 ft) 1.8 m (6 ft)
W+20cm(8in) W |- gasess mrmmm=dmmm= T
\|, N
© ©
\ 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”.
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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.

14



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
) ’ : 17042707002 Date: 8/18/2020
Gauge Pressure 0-690 kPa 3.45 kPa D1005PS Due-: 8/18/2021
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 L 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 |
Lo . Lateral, Longitudinal . . o Oxford Technical Technical Solutions
Mu|tl-'AXIS Inertial and Vertical knogs Accel: £100 Angular Rate: £ 0.01% Solutions (OXTS), 2182 Date: 9/16/2019
Sensing System e m/s of full range . Due: 9/16/2021
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 +30 m 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

16




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
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2021 K5 EX Sold To: Ship To:
MODEL/OPT.CODE:  L4262/015
EXTERIOR COLOR: EBONY BLACK
INTERIOR COLOR:  BLACK
VEHICLE ID NUMBER:  5XXG34J2XMG00
PORT OF ENTRY: WEST POINT

STANDARD FEATURES

2021 K X
AVAIL. SERVICE AGREEMENT:
OPTIONAL - ASK DEALER FOR DETAILS

EPA

s z7s000 [N

DOT

Fuel Economy and Envir Gasol icle
Y onent st Fuel Economy

COMPARE EX FEATURES

STANDAHD LXS FEATURES
MECHA! Added to/in place of standard LXS features Included
1.6L Turbo e Cylmder Engine ~ Panoramic Sunroof w/ Power Sunshade Included Fuel Economy YouSave s S -
8-Speed Automatic Transmission _ 18" Machined Finished Alloy Wheels Included MPG  MOSIZE range from 14 10 141 VPG
Electronic Parking Brake w/ Auto Hold ~UVO link (1 yr trial; see owners.kia.com for Included m Tho best véhiela ates 141 MPGe THIS Igﬂ':‘l'l,\{

VEW! 5 details) o 1 o 0 9&
R e 27 37 it FACTORY Srckcn
Blind-Spot Collision-Avoidance Assist (BCA)  Loatherette Seat Trim hcluco comblad Gy e ipAaY in fuel costs e
Rear Cross-Traffic Collision-Avoidance Assist (RCCA) - Heated & Ventilated Front Seats Inciuded over 5 years o
Safe Exit Assist (SEA) ~ Wireless Phone Charger Included Bl e ’DEALER’S ASKING PIIIISE
Lane Keep Assist (LKA) & Lane Following Assist (LFA)  Rear USB charger ports & Air Vents Included e NOT THE MANUFACTURER'S
Driver Attention Warning (DAW) _ Power Driver's Seat with Power Lumbar Included - D RETAIL PRICE
Leading Vehicle Departure Alert (LVDA) - Auto Up/Down Front Passenger Window Included e T = - S“EGESTE 3
High Beam Assist (HBA) _ Parking Distance Warning Reverse (PDW-R) nclugedll 4160l COST uel Economy & Greenhouse Gas Rating (ippscny  Smog Rating (tioipe only) e i
SAFETY  Leather Steering Wheel Included e s i
Dual Front Advanced Airbags & Driver's Knee Airba tfuslaconomy 5o
Fiont and Fear Seat Mounied Side Arbags 9 ADDITIONAL INSTALLED EQUIPMENT: $ 1 3 0 0

(In addition to or in place of standard features) /4

Full-Length Side Curtain Airbags $3,400.00
3,400.

EX Premium Packge

Electronic Stability Control (ESC)
Tire Pressure Monitoring System (TPMS) - Navigation w/10.25" Touchscreen & MapCare Actual results will vary for many reasons, mcludlng driving conditions and how you drive and maintain ©
7 X i vehicle. The average hicle gsts 27 PG and sosts $7.500 to ful over 5 2 b
INTERIOR, COMFORT & CONVENIENCE pose D T e L ssios oo basod on 15,00 miles o year ot 8 270 por gallon, MPGa i mil par gasoline Galon 5, EEEE et toux, my dastes
8" Touchscreen w/ Android Auto & Apple CarPlay ¥ H(;‘ggcl Steering Wheel Gt T Dty s'q"mm'“"s" e s and emos. = . document processing charge. any elecronic i filing
Rear View Camera with Dynamic Guidelines 3 4 ; s > 3 A dhd G astins sfieg sedt
s bl  Fonward Collision Avoidance-Assist - Cycist fueleconomy.gov £ fusleconomy.gov_
Dual Zone - Full Automatic Temperature Control - Forward Collision Avoidance-Assist - Junction Calculate personalized estimates and compare vehicles y g
Turning e simaes s ompare victes 57
DEALER-ADDED EQUIPMENT & INFORMATION

Multi-Adjustable Manual Front Seats :
Smart Key / Push Button Start / Smart Trunk (Open) - Smart Cruise Control w/ Stop & Go

Remote Start / Remote Climate (Key Fob) - Highway Driving Assist (HDA) x
Steering Wheel Controls (Bluetooth/Audio/Cruise) - Safe Exit Assist w/ Power Child Lock Overall Vehicle Score Not Rated FOR VEHICLES IN THIS CAR $32,510.00
Tilt & Telescopic Steering Column - Parking Collision Avoidance- Rear (PCA-R) Based on the combined rating of frontal, side and rollove LINE U.S/CANADIAN
Power Windows w/ Driver's One-Touch Auto Up / Down - LED Rear Combination Lights e ONLY e comparaci 1o othar vanicles of similar size and weight, PARTS CONTENT: 55 %
HearOcelipant Alort - Memory Driver's Seat & Outside Mirrors - Markat /s
EXTERIOR Carpeted Floor Mats $155.00 Driver Not Rated MAJOI}(S)%E%%EFS”&;S: Preparat

Crash Passenger Not Rated KOREA: 35% ;Eacr =

Based on the risk of injury in a frontal imj

LED Reflector Headlights
act,
Should ONLY be compared to other vnmcler of similar size and weight.

Auto-On/Off Headlights

Mud Guat

Amber LED Daytime Running Lights

heossic Eron Windshiald - Sl FrontEedts b NovHared NOTHCLUDE FRAL ASSEVBLY
oustic shiel E FINAL s
" a Crash Rear seat Not Rated DISTRIBUTION, OR OTHER

16" Alloy Wheels w/compact spare MSRP INCLUDING OPTIONS $31,545.00 | Star ratings based on the risk of injury in a side impact. NON-PARTS COSTS

Rollover Not Rated FOR THIS VEHICLE
Star ratings based on the risk of rollover in a single-vehicle crash, FINAL ASSEMBLY POINT:

Star ratings range from 1 to 5 stars (k%% %) with 6 being the highest. WEST POINT, GA, USA
Source: National Highway Traffic Safety Administration (NHTSA). COUNTRY OF ORIGIN
ENGINE:

WARRANTY

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

5 Year/60,000 Mile Roadside Assistance

*Ask dealer for details

$ 965.00

INLAND FREIGHT AND HANDLING

r Fimﬂnsnssuaasmn GG § 32,510.00

www.safercar.gov or 1-888-327-4236
e RS Sa U USA
it . sla ind othy o d 6 ara not included in Tl MISSION:
TOTAL ADDITIONAL WEIGHT: 7.3 and tile fees, state and local’ s el mlaﬂw:cnuj ot Include s RANS| oA

Figure A3. Window Sticker (Monroney Label)



o - MANDFACTURED BY = o \
Dy MOTORS MANUFACTURING GEORGIA, INC.|
JUL/14/20 GWR 4354bs  paINT EB
GAWR | |

FRONT 2913 bs

GAWR '

REAR  2315bs  TRIM WK

THIS VEHICLE CONFORMS TO ALL APPLICABLE U.S.A. FEDERAL

OR VEHICLE SAFETY, BUMPER, AND THEFT PREVENTION STANDARDS
IN EFFECT ON THE DATE OF MANUFACTURE SHOWN ABOVE,

V.I.N. 5XXG34T2XMGOO

I (I ...

Figure A4. Vehicle Certification Label




TIRE AND LOADING INFORMATION
RENSEIGNEMENTS SUR LES PNEUS ET LE CHARGEMENT

"CAPACITY FRONT . | REAR
__NOMBRE DE PLACES | "O"AL 5 | yant 2| ammitRe °

The ¢ vbined“weight of occupants and cargo should never exceed 10 kg or 904 Ibs.
Le poids total des occupants et du chargement ne doit jamais dépasser "' kg ou ™" Ib,

r' Y & COLD TIRE PRESSURE R o

PRESSION DES MANUAL FOR
FREURRIDIMENSIONS | ouric 3 FRODD ADDITIONAL

POONT | 235/45R18 240kPa , 35psi INFORMATION
REAR VOIR LE MANUEL
ARRIERE 235/45R18 240kPa , 35psi DE L'USAGER

SPARE _ POUR PLUS DE
| DE SECOURS 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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Figure A9. LDW Menus (page 1 of 2)
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Figure A10. LDW Menus (pae of 2)
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Figure A11. LDW Status Indicator/Visual Alert
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Figure A12. LDW On/Off Switch
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Your vehicle at a glance Interior overview

Interior overview

.
0ODL3A010003

* The actual shape may differ from the illustration.

1.Inside door handle 4-19, 4-26
2.Seat position memory system 4-28
3. Outside rearview mirror folding switch 4-72
4. Qutside rearview mirror control switch 4-72
5. Central door lock/unlock switch 4-22
6. Power window switches 4-38
7. Power window lock button 4-24

Electronic power child safety lock button 4-25
8. Steering wheel tilt/telescopic lever 4-56
9. Steering wheel 4-55
10.Instrument panel illumination control switch 4-76
11.Lane Safety button 5-91
12.ESC OFF button 5-29
2 4
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Features of your vehicle

LCD display

1. Head-Up Display (if equipped)

[tems Explanation

Enable Head-up display

If this item is checked, Head-Up Display will be activated.

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.

2. Driver Assistance (if equipped)

[tems Explanation

Warning Timing

- Normal/Late 4
To select the Warning time

Warning Volume

+ High/Medium/Low
To select the Warning volume

Driver Attention Warning

- Inattentive Driving Warning

To select the function.

* For more details, refer to the "Driver Attention Warning
(DAW) (if equipped)” on page 5-114.

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

- Blind-Spot View

To activate or deactivate Blind-Spot View.

- Safe Exit Assist

To activate or deactivate Safe Exit Assist.

For more details, refer to "Safe Exit Assist (SEA) (if
equipped)" on page 5-109.

+ Active assist

- Warning only

- Off

For more details, refer to "Blind-Spot Collision-Avoidance
Assist (BCA) (if equipped)" on page 5-97.
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Features of your vehicle

+ When there is a malfunction with
FCA. If this occurs, have your
vehicle inspected by an authorized
Kia dealer.

* For more details, refer to "Forward
Collision-Avoidance Assist (FCA) -
front view camera only (if
equipped)" on page 5-63/"Forward
Collision-Avoidance Assist (FCA) -
sensor fusion (if equipped)” on
page 5-76.

Electronic Parking Brake (EPB)
warning light EPB (if equipped)

This warning light illuminates:

+ Once you set the ignition switch
or ENGINE START/STOP button to
the ON position.

- Itilluminates for approximately
3 seconds and then goes off.

- When there is a malfunction with
the EPB.

In this case, have the vehicle
inspected by an authorized Kia
dealer.

norce /P

Electronic Parking Brake (EPB)
Warning Light

The Electronic Parking Brake (EPB)
Warning Light may illuminate when
the Electronic Stability Control (ESC)
Indicator Light comes on to indicate
that the ESC is not working properly

Warning and indicator lights

(This does not indicate malfunction
of the EPB).

Lane Keeping Assist indicator /m
(if equipped)

LKA indicator will illuminate when
you turn Lane Keeping Assist an by
pressing Lane Safety button.

If there is a problem with the sys-
tem, the yellow LKA indicator will
illuminate.

* For more details, refer to "Lane
Keeping Assist (LKA) (if equipped)
on page 5-91.

Malfunction Indicator Lamp (MIL)

i

This warning light illuminates:

+ When you set the ignition switch
or the ENGINE START/STOP
button to the ON position.

- The malfunction indicator light
illuminates for about 3 seconds
and then goes off.

+ Whenever there is a malfunction
with either the emission control
system or the engine or the vehi-
cle powertrain.

In this case, have the vehicle

inspected by an authorized Kia

dealer.
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Features of your vehicle

- When the Head-Up Display needs
inspection or repair, have your
vehicle inspected or repaired by
an authorized Kia dealer.

A WARNING /¢

Head-Up Display

- Do not place any accessories on
the Head-Up Display shutter. It
might fall into Head-Up Display
and can damage to Head-Up Dis-
play.

- Do not attach stickers or accesso-

ries to the Head-Up Display and
the crash pad.

- Do not manually adjust the shut-
ter and combiner. The images
may not be visible due to finger-
prints. Excessive external force
during operation may cause dam-
age.

- Do not place any objects near the
Head-Up Display. Interference
with the object during operation
may damage it.

- Do not place any objects around
the Head-Up Display. It might
enter the narrow gap of the cover
and affects operation.

-+ Do not place any liguids around
the Head-Up Display. Water or
other liquids can flow into the
Head-Up Display and break it.

- Do not expose the combiner to
strong light. The combiner may
become deformed.

Head-Up Display (HUD)

- Do not use organic solvents,
detergents or abrasive cloths to
clean the Head-Up Display. Wipe it
off with a soft cloth. Do not
strongly wipe Head-Up Display
shutter. It might get damaged.

« For safety, be sure to adjust the
settings when the vehicle is
stopped.

- When opening, closing and height
adjusting the Head-Up Display,
noise may be generated by the
motor and gear.

Head-Up Display Information

FM 95,7

0DL3A040460

1. Turn By Turn navigation informa-
tion (if equipped)

2.Road signs

3. Speedometer

4. SCC setting speed information (if
equipped)

5.SCC headway information (if
equipped)

6. Lane Safety information (if
equipped)

111

B-5



Driving your vehicle

Lane Keeping Assist (LKA) (if
equipped)

Lane Keeping Assist is designed to
help detect lane markings while
driving over a certain speed. The
system will warn the driver if the
vehicle leaves the lane without using
the turn signal, or will automatically
assist the driver's steering to help
prevent the vehicle from departing
the lane.

Detecting sensor

0DL3A050205

The front view camera is used as a
detecting sensor to detect lane
markings (or road edges).

Refer to the picture above for the
detailed location of the detecting
sensor.

Lane Keeping Assist (LKA)

A CAUTION

For more details on the precautions
of the front view camera, refer to
“Forward Collision—Avoidance Assist
(FCA) - front view camera only (if
equipped)" on page 5-63.

System Settings
Setting functions for the system

Lane Safety

With the ENGINE START/STOP
button in the ON position, select or
deselect 'Driver Assistance — Lane

Safety' from the Settings menu to

set whether or not to use each

function.

- If 'Assist' is selected, the system
will automatically assist the
driver's steering when lane depar-
ture is detected to help prevent
the vehicle from moving out of its
lane.

91
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Driving your vehicle Lane Keeping Assist (LKA)

« If 'Warning Only' is selected, the With the ENGINE START/STOP
system will warn the driver with button in the ON position, press the

an audible warning when lane Lane Safety button located on the
departure is detected. The driver instrument panel to turn on Lane
must steer the vehicle. Keeping Assist. The white

« If 'Off'is selected, the system will rl"ﬁ:‘\J indicator light will illumi-

ligtrk il P oFf o thie SlLster, Press the button again to turn off

A WARNING /‘ the system.
+ If 'Warning Only' is selected, « NOTICE /‘

. i;?gpge]sigoiziiit;:és R If the engine is restarted, Lane
Ping Keeping Assist will maintain the

trol the steering wheel when the e et

vehicle is driven in the middle of : When Lane Keeplng Assistis

the lane. turned off with the Lane Safety

« The dri hould al b . ;
S e wags © button, Lane Safety settings will
aware of the surroundings and
turn off.

steer the vehicle if 'Off" is

selected.
Warning Volume
Turning the system ON/OFF With the ENGINE START/STOP
. _ button in the ON position, select

‘Driver Assistance — Warning Vol-
ume' from the Settings menu to
change the Warning Volume to
'High', 'Medium' or ‘Low' for Lane
Keeping Assist.

If you change the Warning Volume,
the Warning Volume of other Driver
Assistance systems may be
changed.

92
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Driving your vehicle

System Operation

System warning and controf/

Lane Keeping Assist will warn and
control the vehicle with Lane Depar-
ture Warning and Lane Keeping
Assist.

Lane Departure Warning
Left

Right

- To warn the driver that the vehi-
cle is departing from the pro-
jected lane in front, the green

rj;ﬁ:‘\J indicator light will blink

Lane Keeping Assist (LKA)

on the cluster, the lane line will
blink on the cluster depending on
which direction the vehicle is
veering, and an audible warning
will sound.

+ The system will operate when
your vehicle speed is between
approximately 40~120 mph
(60~200 km/h).

Lane Keeping Assist

+ To warn the driver that the vehi-
cle is departing from the pro-
jected lane in front, the green

r/jm indicator light will blink
on the cluster, and the steering
wheel will make adjustments to
keep vehicle inside the lane.

+ The system will operate when
your vehicle speed is between
approximately 40~120 mph
(60~200 km/h).

Hands-off warning

Keep hands on
steering wheel

y- ;_fl'l

0ODL3059136L
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Driving your vehicle

If the driver takes their hands off
the steering wheel for several sec-
onds, the 'Keep hands on the steer-
ing wheel' warning message will
appear on the cluster, and an audi-
ble warning will sound in stages.

A WARNING /|

+ The steering wheel may not be
assisted if the steering wheel is
held very tight or the steering
wheel is steered over a certain
degree.

- Lane Keeping Assist does not
operate at all times. It is the
responsibility of the driver to
safely steer the vehicle and to
maintain the vehicle in its lane.

+ The hands—off warning message
may appear late depending on

road conditions. Always have your
hands on the steering wheel while

driving.
+ If the steering wheel is held very
lightly, the hands—off warning

message May appear because the

systemn may not recognize that
the driver has their hands on the
steering wheel.

+ If you attach objects to the steer-

ing wheel, the hands-off warning
may not work properly.

94

Lane Keeping Assist (LKA)

A CAUTION /|

For more details on setting the
functions in the infotainment sys-
tem, refer to "LCD displays" on page
4-92.

- When lane markings are detected,
the lane lines on the cluster will
change from grey to white and

the green T “fmm\ s indicator

light will illuminate.

Lane undetected

Lane detected

+ Even though the steering is
assisted by Lane Keeping Assist,



Driving your vehicle

the driver may control the steer-
ing wheel.

+ The steering wheel may feel
heavier or lighter when the steer-
ing wheel is assisted by Lane
Keeping Assist than when it is
not.

System Malfunction and Limita-
tions

System malfunction

Check Lane
Keeping Assist
(LKA) systemn

i
!"F

"\

When Lane Keeping Assist is not
working properly, the 'Check Lane
Keeping Assist (LKA) system' warn-
ing message will appear and the
yellow r,"ﬂ:‘\J indicator light will
illuminate on the cluster. If this
occurs, we recommend that the
system be inspected by an
authorized Kia dealer/service
partner.

Lane Keeping Assist (LKA)

Limitations of the system

Lane Keeping Assist may not oper-

ate normally or may operate unex-

pectedly under the following

circumstances:

+ The lane is contaminated or diffi-
cult to distinguish because,

- The lane markings is covered
with rain, snow, dirt, oil, etc.

- The color of the lane marking
(or road edge) is not distin-
guishable from the road

- There are markings on the road
near the lane or the markings
on the road looks similar to the
lane markings

- The lane marking is indistinct or
damaged

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

+ There are more than two lane
markings on the road

+ The lane nhumber increases or
decreases, or the lane markings
are crossing

+ The lane markings are compli-
cated or a structure substitutes
for the lines, such as a construc-
tion area

+ There are road markings, such as
zigzag lanes, crosswalk markings
and road signs

+ The lane suddenly disappears,
such as at the intersection

95
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Driving your vehicle

+ The lane (or road width) is very
wide or narrow

+ There is a road edge without a
lane

+ There is a boundary structure in
the roadway, such as a tollgate,
sidewalk, curb, etc.

+ The distance to the front vehicle
is extremely short or the vehicle
in front is covering the lane mark-
ing (or road edge)

A CAUTION /|

For more details on the limitations
of the front view camera, refer to
"Forward Collision—Avoidance Assist
(FCA) - front view camera only (if
equipped)” on page 5-63.

96

Lane Keeping Assist (LKA)

A WARNING /¢

Take the following precautions

when using Lane Keeping Assist:

+ The driver should hold the
responsibility to safely drive and
control the vehicle. Do not solely
rely on the system and drive dan-
gerously.

+ The operation of Lane Keeping
Assist can be canceled or not
work properly depending on road
conditions and surroundings.
Always be cautious while driving.

« Refer to "Limitations of the Sys-
tem" if the lane is not detected
properly.

+ When you are towing a trailer or
another vehicle, we recommend
that Lane Keeping Assist is turned
off due to safety reasons.

+ If the vehicle is driven at high
speed, the steering wheel will not
be controlled. The driver must
always follow the speed limit
when using the system.

+ If any other system'’s warning
message is displayed or audible
warning is generated, Lane Keep-
ing Assist warning message may
not be displayed and audible
warning may not be generated.

+ You may not hear the warning
sound of Lane Keeping Assist if
the surrounding is noisy.

« If you attach objects to the steer-
ing wheel, steering may not be
assisted properly.
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Driving your vehicle Blind-Spot Collision-Avoidance Assist (BCA)

- Lane Keeping Assist may not Blind-Spot Collision-Avoidance
operate for approximately 15 Assist (BCA) (if equipped)
seconds after the vehicle is

started, or the front view camera  Blind-Spot Collision-Avoidance

is initialized. Assist is designed to help detect and
- Lane Keeping Assist will not oper- monitor approaching vehicles in the
ate when: driver's blind spot area and warn the
- The turn signal or hazard war- driver of a possible collision with a
ing flasher is turned on warning message and audible warn-
- The vehicle is not driven in the ing.
center of the lane when the In addition, if there is a risk of colli-
system is turned on or right sion when changing lanes or driving
after changing a lane forward out of a parking space, the
- ESC (Electronic Stability Con- system will help avoid collision by

trol) or VSM (Vehicle Stability applying the brake.
Management) is activated

- The vehicle is driven on a sharp
curve

- Vehicle speed is below 35 mph
(55 km/h) or above 130 mph
(210 km/h)

- The vehicle makes sharp lane
changes

- The vehicle brakes suddenly

0ODL3A050063

Blind-Spot Collision-Avoidance
Assist will help detect and inform
the driver that a vehicle is in the
blind spot.

97
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APPENDIX C

Run Log
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Subject Vehicle: 2021 Kia K5 EX

Driver:

N. Watanabe

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

Test Date: 2/17/2021

MELEIEE Distance
Run Lane Marking De_part_ure Valid a_t at Visual | Pass/Fail Notes
Type Direction | Run? | Auditory Alert (ft)
Alert (ft)
1 Y -0.17 -0.25 Pass
> N Yaw
3 Y -0.14 -0.22 Pass
4 Y -0.16 -0.24 Pass
Solid Left
5 Y -0.18 -0.28 Pass
6 Y -0.23 -0.25 Pass
7 Y -0.27 -0.38 Pass
8 Y -0.19 -0.31 Pass
9 Y 0.48 0.40 Pass
10 Y 0.53 0.44 Pass
11 Y 0.46 0.40 Pass
12 Solid Right Y 0.48 0.41 Pass
13 Y 0.47 0.38 Pass
14 Y 0.49 0.44 Pass
15 Y 0.46 0.37 Pass
16 Y 0.47 0.35 Pass
Dashed Right
17 Y 0.47 0.39 Pass
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Distance

. . Distance
Run LaneTI)\lII:erklng DD?IZacrttil::: I\?lzlr:fl? Au:i:ory Ztk\el:tszjf?)l Pass/Fail Notes
Alert (ft)

18 Y 0.44 0.32 Pass

19 Y 0.51 0.42 Pass

20 Dashed Right Y 0.54 0.48 Pass

21 Y 0.57 0.47 Pass

22 Y 0.47 0.37 Pass

23 Y -0.22 -0.32 Pass

24 Y -0.18 -0.28 Pass

25 Y -0.27 -0.37 Pass

26 Dashed Left Y -0.27 -0.34 Pass

27 Y -0.27 -0.39 Pass

28 Y -0.19 -0.31 Pass

29 Y -0.13 -0.22 Pass

30 Y -0.12 -0.24 Pass

31 Y -0.15 -0.26 Pass

32 Y -0.23 -0.34 Pass

33 Y -0.21 -0.30 Pass

34 Botts Left N Lateral velocity
35 Y -0.31 -0.44 Pass

36 N GPS floating
37 Y -0.25 -0.32 Pass

38 Y -0.36 -0.42 Pass
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Distance

. . Distance
Run LaneTI)\lII:;'klng DD?:)eacrttiL:: ;z:f: Au:i:ory Ztk\el:tszjf?)l Pass/Fail Notes
Alert (ft)
39 Y 0.67 0.57 Pass
40 Y 0.58 0.51 Pass
41 Y 0.60 0.50 Pass
42 Botts Right Y 0.47 0.37 Pass
43 Y 0.51 0.45 Pass
44 Y 0.49 0.41 Pass
45 Y 0.53 0.46 Pass

C-4




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
e 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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Figure D14. Time History for Run 07, Solid Line, Left Departure, Audible Warning

D-21



Visual
Warning

Speed
(mph)

a
=

Yaw Rate
(deg/sec)
o

Dist to

Lane Edge

Lateral Lane
Velocity

~
>

N

LDW Test
K5LDW-007
- | | -
hlhﬂ ﬁ —
___________________________________________________________ UL_$_____
= | | | | |
| | | | |
e - |
| | | | |
| | | | |
| | | | |
| | | | | "
0
— — 1%
- —— 1<
[ ]
| | | | | —
| | | | |
| | | | |
2 0 2 4 8 10
Time (sec)
= = = (= (= '

GPS Fix Type: RTK Fixed

Figure D15. Time History for Run 07, Solid Line, Left Departure, Visual Warning

D-22



Dist to
Lane Edge

Lateral Lane

Speed
(mph

a
=

Yaw Rate
(deg/sec)

Velocity

Audible
Warning

o
n

-
w

-

o

)
&

(ft)
O N B2 © O

(ft/sec)
R

N

o

_ -,
o N

A

LDW Test
K5LDW-008

- &
| | o
-
— | \‘\r —Q
[ ]
| | | | |
| | | | | |
| | | | | |
-2 0 2 4 6 8 10
Time (sec)
= = = = = - !

GPS Fix Type: RTK Fixed
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Figure D19. Time History for Run 09, Solid Line, Right Departure, Visual Warning

D-26



Dist to
Lane Edge

Lateral Lane

Audible

Speed
(mph

a
=

Yaw Rate
(deg/sec)
o

Velocity

Warning

o
n

(ft)

O N B © O

—
)

o

)
&

N

_ -,
o N

(ft/sec)
E)

LDW Test
K5LDW-010

\ | \ \ \ | | | | |
- {&
L 4™
k-
— \— o
| | | | | | | | | |
\ | \ \ \ | | | | |
| | | | | | | | | |
-3 -2 -1 0 1 2 3 4 5 6 7 8
Time (sec)
= | (| = a1 =

GPS Fix Type: RTK Fixed

Figure D20. Time History for Run 10, Solid Line, Right Departure, Audible Warning
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Figure D21. Time History for Run 10, Solid Line, Right Departure, Visual Warning
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Figure D23. Time History for Run 11, Solid Line, Right Departure, Visual Warning

D-30



Dist to
Lane Edge

Lateral Lane

Speed
(mph

a
=

Yaw Rate
(deg/sec)

Velocity

Audible
Warning

o
n

-
w

-

o

)
&

(ft)
O N B © O

(ft/sec)

o

N

o

_ -,
o N

A

LDW Test
K5LDW-012

|
0.48 ft

-3 -2 -1 0 1 2 3 4 5 6 7 8

Time (sec)

GPS Fix Type: RTK Fixed

Figure D24. Time History for Run 12, Solid Line, Right Departure, Audible Warning
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Figure D25. Time History for Run 12, Solid Line, Right Departure, Visual Warning
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Figure D26. Time History for Run 13, Solid Line, Right Departure, Audible Warning
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Figure D27. Time History for Run 13, Solid Line, Right Departure, Visual Warning
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Figure D28. Time History for Run 14, Solid Line, Right Departure, Audible Warning
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Figure D29. Time History for Run 14, Solid Line, Right Departure, Visual Warning
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Figure D30. Time History for Run 15, Solid Line, Right Departure, Audible Warning
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Figure D31. Time History for Run 15, Solid Line, Right Departure, Visual Warning

D-38



Dist to |
Yaw Rate Speed Audible
(deg/sec)
o

Lane Edge

Lateral Lane
Velocity

LDW Test
K5LDW-016

_ -,
o N

(ft)
O N B O Ul

(ft/sec)

o

|
0.47 ft

A

Time (sec)

Figure D32

GPS Fix Type:

. Time History for Run 16, Dashed Line, Right Departure, Audible Warning

RTK Fixed

D-39



Speed Visual

(mph)

Yaw Rate
(deg/sec)

Dist to

Lane Edge

Lateral Lane
Velocity

Warning

[ =Te

~
>

a
=

(ft)
o N Bl O O

(ft/sec)

o

N

o

_ -,
o N

A

LDW Test
K5LDW-016
' |
i ]
PSSR U UM SPUOUO. LSSy TSN UURBSUU
I Wy R
L | | | | | h]hM | ]
[ T | : | |
L | | | | | | ]
T T I : : l
e~ 1]
| | | | | l
I T I | : l
_ &
- , 18
[ - —— o i cl
' I | l | T
I T I | : l
- e
L | | | | | | N
-2 0 2 4 5 8 o
Time (sec)
GPS Fix Type: RTK Fixed

Figure D33

. Time History for Run 16, Dashed Line, Right Departure, Visual Warning
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Figure D34. Time History for Run 17, Dashed Line, Right Departure, Audible Warning
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Figure D36. Time History for Run 18, Dashed Line, Right Departure, Audible Warning
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Figure D37. Time History for Run 18, Dashed Line, Right Departure, Visual Warning
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Figure D41. Time History for Run 20, Dashed Line, Right Departure, Visual Warning
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Time History for Run 21, Dashed Line, Right Departure, Audible Warning



Dist to
Lane Edge

Lateral Lane

Visual

Speed
(mph)

Yaw Rate
(deg/sec)
o

Velocity

~
>

a
=

N

(ft)
S ol

O N B2 © O

(ft/sec)
IS

LDW Test
K5LDW-021
= | |
el
"’% ______ ]
. WLW\ il 1 I
= | | | | | ""M‘w‘“ |
[ T I I : |
_//. H=%%k%_7____7____.__,_- S — |
| | l | I |
T T I I I |
T T~
| | l | I |
I T I I I |
. 1
- 15
- - — e 1a
l | | | | | TT———
I T I I I |
I e U
L | | | | | | ]
Time (sec)
| O = = — -
GPS Fix Type: RTK Fixed

Figure D43.

Time History for Run 21, Dashed Line, Right Departure, Visual Warning
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Figure D45. Time History for Run 22, Dashed Line, Right Departure, Visual Warning
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Figure D46. Time History for Run 23, Dashed Line, Left Departure, Audible Warning
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Figure D48. Time History for Run 24, Dashed Line, Left Departure, Audible Warning
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Figure D51. Time History for Run 25, Dashed Line, Left Departure, Visual Warning



Dist to
Lane Edge

Lateral Lane

Audible

Speed
(mph
.
T

Yaw Rate
(deg/sec)
o

Velocity

Warning

)
&

(ft)

O N B2 © O

LDW Test
K5LDW-026

-
w

-
[

o
)
[

o

N

_ -,
o N

(ft/sec)

o

-0.27 ft

A

Time (sec)

Figure D52

GPS Fix Type: RTK Fixed

. Time History for Run 26, Dashed Line, Left Departure, Audible Warning

D-59



Dist to
Lane Edge

Lateral Lane

Visual

Speed
(mph)

Yaw Rate
(deg/sec)
o

Velocity

~
>

a
=

N

(ft)
S ol

O N B2 © O

(ft/sec)
E)

LDW Test
K5LDW-026
| | |
Mhh’i‘q'\ #Mﬂl H“ru]m.lu ‘J“r |
s RS
)
i | | | | L i
| | | | | |
| | | | | |
I I I I I I
| | | | | |
I I I I I I
L 4
<
_— — _ 1
- 6 19
| | | | | I
I I I I I I
: N —— :
| | | | | |
2 0 2 4 6 8 10
Time (sec)
= = = — [ =

GPS Fix Type: RTK Fixed

Figure D53. Time History for Run 26, Dashed Line, Left Departure, Visual Warning
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Figure D54. Time History for Run 27, Dashed Line, Left Departure, Audible Warning
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Figure D57. Time History for Run 28, Dashed Line, Left Departure, Visual Warning
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Figure D59. Time History for Run 29, Dashed Line, Left Departure, Visual Warning
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Figure D60. Time History for Run 30, Botts Dots, Left Departure, Audible Warning
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Figure D61. Time History for Run 30, Botts Dots, Left Departure, Visual Warning
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Figure D63. Time History for Run 31, Botts Dots, Left Departure, Visual Warning
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Figure D64. Time History for Run 32, Botts Dots, Left Departure, Audible Warning
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Figure D65. Time History for Run 32, Botts Dots, Left Departure, Visual Warning
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Figure D66. Time History for Run 33, Botts Dots, Left Departure, Audible Warning
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Figure D68. Time History for Run 35, Botts Dots, Left Departure, Audible Warning
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Figure D69. Time History for Run 35, Botts Dots, Left Departure, Visual Warning
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Figure D70. Time History for Run 37, Botts Dots, Left Departure, Audible Warning
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Figure D71. Time History for Run 37, Botts Dots, Left Departure, Visual Warning
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Figure D73. Time History for Run 38, Botts Dots, Left Departure, Visual Warning
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. Time History for Run 39, Botts Dots, Right Departure, Audible Warning
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Figure D75. Time History for Run 39, Botts Dots, Right Departure, Visual Warning
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Figure D76

. Time History for Run 40, Botts Dots, Right Departure, Audible Warning
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Figure D77. Time History for Run 40, Botts Dots, Right Departure, Visual Warning
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. Time History for Run 41, Botts Dots, Right Departure, Audible Warning
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Figure D79. Time History for Run 41, Botts Dots, Right Departure, Visual Warning
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Figure D80. Time History for Run 42, Botts Dots, Right Departure, Audible Warning
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Figure D81. Time History for Run 42, Botts Dots, Right Departure, Visual Warning
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GPS Fix Type: RTK Fixed

. Time History for Run 43, Botts Dots, Right Departure, Audible Warning
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Figure D83. Time History for Run 43, Botts Dots, Right Departure, Visual Warning
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GPS Fix Type: RTK Fixed

. Time History for Run 44, Botts Dots, Right Departure, Audible Warning
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Figure D85. Time History for Run 44, Botts Dots, Right Departure, Visual Warning
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Figure D86. Time History for Run 45, Botts Dots,
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Right Departure, Audible Warning
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Figure D87. Time History for Run 45, Botts Dots, Right Departure, Visual Warning
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