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Section |
INTRODUCTION

This test evaluates Blind Spot Detection (BSD) systems on light vehicles with gross
vehicle weight ratings (GVWR) of under 10,000 pounds as specified in the National
Highway Traffic Safety Administration’s (NHTSA'’s) “Blind Spot Detection System
Confirmation Test”, dated June 2019. BSD technology uses sensors to detect the
presence of other vehicles in the equipped vehicle’s left and right blind zone. The
procedures described herein emulate two straight-road, real-world scenarios in
which the Subject Vehicle (SV) blind zone is breached by a single Principal Other
Vehicle (POV). Although it is impossible to predict what technologies could be used
by future BSD systems, it is believed that minor modifications to these procedures,
when deemed appropriate, could be used to accommodate the evaluation of
alternative or more advanced BSD systems.

The BSD system tests described in this document and prescribed by NHTSA
involve two different test scenarios: 1) straight lane converge and diverge
maneuvers and 2) straight lane pass-by. In the first scenario, the POV is driven at
the same speed as the SV, at a constant headway. After a brief period of steady-
state driving, the POV enters, then exits the SV blind zone from the side of the
vehicle. In the second scenario, the POV is driven by the SV in an adjacent lane at
a speed greater than the SV. During this pass-by, the POV enters, then exits the
SV blind zone. In both scenarios, BSD performance is assessed by comparing the
proximity of the POV to the SV at the time of the BSD alert to the SV blind zone.
The test scenarios are conducted at multiple speeds, and on both sides of the
vehicle, to the left and right, as indicated in the specific test methodologies.
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BLIND SPOT DETECTION
DATA SHEET 1: TEST RESULTS SUMMARY
(Page 1 of 1)
2020 Hyundai Sonata SEL

VIN: S5NPEF4JA7LHO4xxxx
Test Date: 8/18/2020

System Setting:  Warning only

Number of valid test runs
for which acceptability
criteria! were:

Not Valid
Met met trials
Test1 - Straight Lane Converge and Diverge
45 mph - Left 4 3 4
45 mph - Right 0 7 7
Overall Test 1: 4 10 14
Test 2 - Straight Lane Pass-by
POV 50 mph - Left 7 0 7
POV 50 mph - Right 6 0 6
POV 55 mph - Left 7 0 7
POV 55 mph - Right 8 0 8
POV 60 mph - Left 7 0 7
POV 60 mph - Right 8 0 8
POV 65 mph - Left 8 0 8
POV 65 mph - Right 6 0 6
Overall Test 2: 57 0 57
Overall: 61 10 71

" The acceptability criteria listed herein are used only as a guide to gauge system performance, and are identical to the
Pass/Fail criteria given in NHTSA’s most current Test Procedure in docket NHTSA-2019-0102-0010, BLIND SPOT
DETECTION SYSTEM CONFIRMATION TEST.



BLIND SPOT DETECTION
DATA SHEET 2: VEHICLE DATA
(Page 1 of 1)

2020 Hyundai Sonata SEL

TEST VEHICLE INFORMATION

VIN:  SNPEF4JA7LHO4xxxx

Body Style:  Sedan Color:  Quartz White
Date Received: 7/27/2020 Odometer Reading: 36 mi
DATA FROM VEHICLE'S CERTIFICATON LABEL

Vehicle manufactured by: Hyundai Motor Manufacturing Alabama, LLC

Date of manufacture: Mar/04/20

Vehicle Type: Passenger Car

DATA FROM TIRE PLACARD

Tires size as stated on Tire Placard: Front: 215/55R17
Rear. 215/56R17

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

Rear: 240 kPa (35 psi)

Tire manufacturer and model: Michelin Primacy A/S

Front tire size: 215/55R17 94V

Rear tire size: 215/55R17 94V

Front tire DOT prefix: B33F 09LX
Rear tire DOT prefix: B33F 09LX



BLIND SPOT DETECTION
DATA SHEET 3: TEST CONDITIONS
(Page 1 of 2)

2020 Hyundai Sonata SEL

GENERAL INFORMATION

Test date: 8/18/2020
AMBIENT CONDITIONS

Air temperature: 37.2C (99 F)
Wind speed: 3.6 m/s (8.1 mph)

X Windspeed < 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.

All tests were also conducted such that there were no overhead signs,
bridges, or other significant structures over, or near, the testing site. Except
for the POV, each trial shall be conducted with no vehicles, obstructions, or
stationary objects within one lane width of either side the SV path.

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 recommended cold tire pressure: X

Front: 240 kPa (35 psi)

Rear: 240 kPa (35 psi)




BLIND SPOT DETECTION
DATA SHEET 3: TEST CONDITIONS
(Page 2 of 2)

2020 Hyundai Sonata SEL

WEIGHT

Weight of vehicle as tested including driver and instrumentation

Left Front: 479.4 kg (1057 Ib) Right Front: 459.0 kg (1012 1b)
Left Rear: 315.2 kg (695 Ib) Right Rear: 308.4 kg (680 Ib)

Total: 1562.0 kg (3444 Ib)




BLIND SPOT DETECTION
DATA SHEET 4: BLIND SPOT DETECTION SYSTEM OPERATION
(Page 1 of 5)
2020 Hyundai Sonata SEL

General Information

Name of the BSD option, option package, etc., as shown on the Monroney
label:

Listed on Monroney label as Blind Spot Collision-Avoidance Assist (BCA).

Described in Owner's Manual as Blind Spot Collision Warning (BCW).
BCA/BCW comes standard on SEL, SEL Plus, and Limited trims.

Type and location of sensors the system uses:

Blind-Spot Collision Warning system uses rear corner radar sensors (2)
mounted inside the bumper covering.

System setting used for test (if applicable):

Warning only
Timing set to Normal

Method(s) by which the driver is alerted

~ X Visual
Type Location Description
X Symbol r())wiirr:odion of outside Blind spot alert symbol
~ Word
Graphic
L Audible - Description
Repeated beep
__ Haptic
_ Steering Wheel _ Seatbelt
_ Pedals _ Steering Torque
Seat Brake Jerk



BLIND SPOT DETECTION
DATA SHEET 4: BLIND SPOT DETECTION SYSTEM OPERATION
(Page 2 of 5)
2020 Hyundai Sonata SEL

Description of alert:

First stage alert

If a vehicle is detected within the boundary of the system, a warning light
will illuminate on the side view mirror and the heads up display (if

equipped).

Once the detected vehicle is no longer within the blind spot area, the
warning will turn off according to the driving conditions of the vehicle.

Second stage alert

A warning chime to alert the driver will activate when:

1. A vehicle has been detected in the blind spot area by the radar
system AND

2. The turn signal is applied (same side as where the vehicle is
being detected).

When this alert is activated, the warning light on the side view mirror and
the heads up display (if equipped) will also blink. And a warning chime
will sound.

If you turn off the turn signal indicator, the second staqge alert will be
deactivated.

Once the detected vehicle is no longer within the blind spot area, the
warning will turn off according to the driving conditions of the vehicle.

System Function

What is the speed range over which the system operates?
Minimum: 30 km/h (20 mph)
Maximum: Maximum vehicle speed

If the system requires an initialization sequence/procedure, please provide a
description of the process required to initialize the system.

The BSD system does not require initialization.




BLIND SPOT DETECTION
DATA SHEET 4: BLIND SPOT DETECTION SYSTEM OPERATION
(Page 3 of 5)

2020 Hyundai Sonata SEL

If the system requires the driver to operate their turn signal indicator during lane
change in order to activate, please provide a description.

If the turn signal is not activated, and a vehicle is in the blind spot, the
alerts in the mirror will light continuously. Under the same conditions, if
the turn signal is activated, the alerts in the mirror will flash on and off
and a repeated beep auditory alert will sound.

If the venhicle is equipped with a method to activate/deactivate the system(s)
please provide a description of how this is accomplished. If the system is
deactivated by this method, does it reactivate upon each ignition cycle?

Controls on the right side of the steering wheel are used to interact with
setup menus displayed in the instrument panel. The hierarchy is:

User Settings

Driver Assistance
Blind Spot Safety — select:

Active Assist

Warning Only
Off
If the system is deactivated, it will remain deactivated upon each ignition

cycle.

See Owner's Manual pages 4-26, 4-41, and 6-68 shown in Appendix B,
pages B-4, B-5, and B-9. See also Appendix A, Fiqures A12 through
A14.




BLIND SPOT DETECTION
DATA SHEET 4: BLIND SPOT DETECTION SYSTEM OPERATION
(Page 4 of 5)

2020 Hyundai Sonata SEL

If the venhicle is equipped with a method to adjust the range setting/sensitivity or
otherwise influence the operation of BSD, please provide a description.

However, the following optional settings can be selected by means of
controls on the right side of the steering wheel. The menu selections are
displayed in the right side of the instrument panel. The menu hierarchy is:

User settings
Driver Assistance

Blind-Spot Safety - select:

Active Assist
Warning Only
Off

Warning Timing - select:

Normal
Late

Warning Volume - select

Low
Medium
High

See Owner's Manual pages 4-22, 4-26, 4-41, 6-68 and 6-69 shown in
Appendix B, pages B-3, B-4, B-5, B-9 and B-10. See also Appendix A,
Fiqures A12 through A14.

If the system deactivates due to damage to the sensors, how is this indicated to
the driver?

For BSD, the following warning message will appear: “Check Blind-Spot
Collision Warning (BCW) system.”
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BLIND SPOT DETECTION
DATA SHEET 4: BLIND SPOT DETECTION SYSTEM OPERATION
(Page 5 of 5)

2020 Hyundai Sonata SEL

If the system deactivates due to repeated BSD activations:

e How is this indicated to the driver?

e Can deactivation be avoided (e.g., by cycling the ignition after each BSD
activation)?
« How can the system be reactivated?

The BSD/BSI systems will not deactivate due to repeated activations.

If the system deactivates or its effectiveness is reduced due to periods of
inactivity:

e How is this indicated to the driver?
e Can deactivation be avoided?
e How can the system be reactivated?

In general, the system will not deactivate or reduce effectiveness due to
inactivity while driving.

If there are other driving modes or conditions (such as weather) that render the
system inoperable or reduce its effectiveness please provide a description.

System limitations are described in the Owner's Manual pages 6-75
through 6-78 and 6-127 through 6-128. These pages are shown in
Appendix B pages B-16 through B-21.

Notes:
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Section Il

TEST PROCEDURES

A. Test Procedure Overview
Two test scenarios were used, as follows:

Test 1. Straight Lane Converge and Diverge
Test 2. Straight Lane Pass-by

An overview of each of the test procedures follows.

For the purposes of this document, headway is defined as the longitudinal distance
from the front-most point of the POV to the rearmost point of the SV, regardless of
the relative lateral (lane) positions of the SV and POV. When the front-most part of
the POV is ahead of the rearmost point on the SV, the headway is negative.

1. TEST 1 — STRAIGHT LANE CONVERGE AND DIVERGE

The Straight Lane Converge and Diverge Test evaluates the ability of the Blind Spot
Detection (BSD) system to detect and respond to a vehicle that enters and exits the
blind zone from a lane outside of the blind zone area. This test scenario is depicted
in Figure 1. In this scenario, the test begins with the POV two lanes away from the
SV. After both vehicles have reached their designated speeds and headway
overlap, the POV begins a single lane change maneuver so that it is travelling in
the lane next to the SV and holds this relative position for at least 2.5 seconds. The
POV then begins a lane change maneuver back to its original lane, moving outside
of the SV’s blind zone.

This test was performed with the POV on both the left- and right-hand sides of the
SV. The SV and POV turn signals were not active during any of the tests.

12



POV converge and diverge lateral velodities, B
- assessed over the lane line: I
3

' 0.8-2.5 ft/x (025 —0.75 m/fs)

33k | Lateral distance after

{1 m) — | diverge completion
| »19,7 ft (6 m)
Lateral distanoe . - Lateral distance after
before converge onset converge completion

_____ >13.1 ft {4 m) Lt 4.9 ft (1.5 m)

L () — [y

Figure 1. Straight Lane Converge and Diverge Test
(POV converge and diverge from the left is shown)

a. Procedure

The SV began in the center of a travel lane, with its longitudinal axis oriented parallel
to the roadway edge. The POV began two lanes away from the SV, with its
longitudinal axis oriented parallel to the roadway edge. Both vehicles then
accelerated to a nominal speed of 45 mph (72.4 km/h). The nominal speed and
specified headway overlap between the front bumper of the POV and the rear
bumper of SV was maintained, within tolerance, throughout the test. As shown in
Figure 1, the specified headway for this test was -3.3 ft (-1.0 m) resulting in a
longitudinal overlap. The specified speed for both the SV and POV was 45 mph
(72.4 km/h).

Once the specified speed and headway were stabilized and maintained for at least
2.5 seconds, the POV performed a “converge” lane change into the lane adjacent
to the SV using a lateral velocity between 0.8 ft/s and 2.5 ft/s (0.25 to 0.75 m/s).

Once the lane change was completed, the POV continued in a straight line for at
least 2.5 seconds, and then performed a “diverge” lane change back into its original
lane using a lateral velocity between 0.8 ft/s and 2.5 ft/s (0.25 to 0.75 m/s).

The test concluded once the POV was back in its original lane and had been driving
straight for at least 1.0 second.

The validity period for this test started 2.5 seconds prior to initiating the first POV
lane change and ended 1.0 second after completion of the final POV lane change.
For an individual test trial to be valid, the following requirements must have been
met throughout the validity period:

e The SV and POV speeds could not deviate from the specified speed by more

13



than 1.0 mph (1.6 km/h) during the entire test trial interval.
e The SV yaw rate could not exceed %1 deg/s for the entire test interval.

e The POV yaw rate could not exceed £1 deg/s when not performing a lane
change maneuver.

e The POV lateral velocity during a lane change maneuver must have been
0.8 to 2.5 ft/s (0.25 to 0.75 m/s), assessed at the instant the vehicle first
crossed the lane line separating the initial and adjacent travel lanes.

e The headway overlap from the front of the POV to the rear of the SV bumper
must have been within 3.3 + 1.6 ft (1.0 £ 0.5 m) for the entire test interval.

e The lateral offset between the widest point of the SV (not including side
mirrors) and the widest point of the POV (not including side mirrors) must
have been

o greater than 13.1 ft (4 m) before the POV begins the converge lane
change,

o within 4.9 £ 1.6 ft (1.5 £ 0.5 m) when the POV is in the lane adjacent
to the SV, and

o greater than 19.7 ft (6 m) after the POV completes the diverge lane
change.

After the test validity period ended, the SV driver manually applied force to the brake
pedal, bringing the vehicle to a stop, and placed the transmission in park. The POV
was also braked to a stop, and the test trial was complete.

b. Number of Test Trials

Seven valid trials per POV approach direction were performed for the Straight Lane
Converge and Diverge Test scenario, for a total of 14 tests overall. If the test
conductor performed more than 7 trials per approach direction within this scenario,
the first 7 trials satisfying all test tolerances per approach direction were used to
assess the SV performance.

c. Evaluation Criteria

The performance requirement for this series of tests is that the BSD system must
be presented by a time no later than 300 ms after any part of the POV enters the
SV blind zone defined by the intersections of lines A, C, D, and E for left side tests
and of lines A, C, F, and G for right side tests (as shown in Figure 3), and shall
remain on while any part of the POV resides within the SV blind zone. During the
diverge portion of the test scenario, the BSD alert may remain active when the
lateral distance between the SV and the POV is greater than 9.8 ft (3 m) but less
than or equal to 19.7 ft (6 m). The BSD shall not be active once the lateral distance
between the SV and the POV is greater than 19.7 ft (6 m).

14



Test 2 — Straight Lane Pass-by

This test evaluates the ability of the BSD system to detect and respond to a vehicle
which approaches and then passes by the SV in an adjacent lane. This test
scenario, depicted in Figure 2, was performed with the POV on both the left- and
right-hand side of the SV, with four different POV speed configurations on each
side: 50 mph, 55 mph, 60 mph, and 65 mph.

The SV and POV turn signals were not active during any of the tests.

{ 50, 55, 60, or 65 mph mph (81, 9, 97.0r 105 km/h) |

POV -{
| Tn) | Im0’

5V

validity period:
4.9t (1.5 m)

‘ Lateral distamce during

Figure 2. Straight Lane Pass-by Test
(Left-side POV Pass-by)

a. Procedure

The SV is started in the center of a travel lane, with its longitudinal axis oriented
parallel to the roadway edge. The POV is started in an adjacent lane on either the
left or right side of the SV, with its longitudinal axis oriented parallel to the roadway
edge, and behind the SV blind zone area.

The SV is then accelerated to a nominal speed of 45 mph (72.4 km/h) and the POV
is accelerated to a nominal speed of either 50 mph (80.5 km/h), 55 mph (88.5 km/h),
60 mph (96.6 km/h), or 65 mph (104.6 km/h) depending on the test configuration.
Both vehicles continue straight in their respective lanes.

The Straight Lane Pass-by Test parameters are defined in Table 1. The test validity
period begins 4.0 seconds before the front-most part of the POV passes beyond a
plane defined by the rear-most part of the SV perpendicular to the SV centerline.
The test validity period ends 2.0 seconds after the rear-most point of the POV
passes beyond a plane defined by the front-most point of the SV perpendicular to
the SV centerline.

15



Table 1. Straight Lane Pass-by Test Scenarios

Test Scenario
Parameter | St aight Lane | Straight Lane | Straight Lane | Straight Lane
45/50 45/55 45/60 45/65
45 = 1 mph 45 = 1 mph 45 = 1 mph 45 = 1 mph
SV Speed (724 +1.6 (724 +1.6 (724 +1.6 (724 +1.6
km/h) km/h) km/h) km/h)
50 £ 1 mph 55+ 1 mph 60 £ 1 mph 65 £ 1 mph
POV Speed (80.5+1.6 (88.5+1.6 (96.6 + 1.6 (104.6 + 1.6
km/h) km/h) km/h) km/h)
: . 5+ 1 mph 10 £ 1 mph 15+ 1 mph 20 £ 1 mph
g'fgg”“a' (8.0+16 (16116 | (24116 | (322+16
P km/h) km/h) km/h) km/h)
Starting
Headway
Distance
(nominally
a4 second | 29.3 ft (8.9 m) 58.7 ft (17.9 88.0 ft (26.8 117.3 ft (35.8
m) m) m)
gap) at
validity
period
onset

For an individual test trial to be valid, the following requirements must have been
met throughout the validity period:

e The SV speed could not deviate from the nominal speed by more than 1.0
mph (1.6 km/h) during the entire test interval.

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

e The SV yaw rate could not exceed +1 deg/s for the entire test interval.

e The POV yaw rate could not exceed 11 deg/s for the entire test interval.

e The lateral offset between the widest point of the SV (not including side
mirrors) and the widest point of the POV (not including side mirrors) must
have been within 4.9 £ 1.6 ft (1.5 £ 0.5 m) for the entire test interval.

After the test validity period ended, the SV driver manually applied force to the brake
pedal, bringing the vehicle to a stop, and placed the transmission in park. The POV
was also braked to a stop, and the test trial was complete.

16



b. Number of Test Trials

Seven valid trials for each POV pass-by side and speed were performed for the
Straight Lane Pass-by Test scenario, for a total of 56 test trials overall. If the test
conductor performed more than 7 trials per approach direction within this scenario,
the first 7 trials satisfying all test tolerances per test condition were used to assess
the SV performance.

c. Evaluation Criteria

The performance requirement for this series of tests is that the BSD alert must be
presented by a time no later than 300 ms after the front-most part of the POV enters
the blind zone defined by the intersections of lines A, C, D, and E for left side tests
and of lines A, C, F, and G for right side tests, and shall remain on while the
frontmost point of the POV lies behind line A. The BSD alert shall not be active once
the longitudinal distance between the front-most part of the SV and the rear-most
part of the POV exceeds the BSD termination distances specified in Table 2.

Table 2. Straight Lane Pass-by BSD Evaluation Criteria

BSD Onset BSD Termination
SV Speed POV Speed Headway"’ Distance?
(SV ahead of POV) | (POV ahead of SV)
50 £ 1 mph Within 300 ms after >7.3 ft
(80.5 £ 1.6 km/h) BC = 18.3 ft (5.6 m) (2.2m)
55+ 1 mph Within 300 ms after >14.7 ft
(88.5 £ 1.6 km/h) BC =36.7 ft (11.2 m) (4.5m)
45 £ 1 mph
(72.4 + 1.6 km/h)
60 £ 1 mph Within 300 ms after >22.0 ft
(96.6 + 1.6 km/h) BC =55.0 ft (16.8 m) (6.7m)
65 £ 1 mph Within 300 ms after >29.3ft
(104.6 + 1.6 km/h) BC =73.3ft(22.4 m) (8.9 m)

T The BSD onset headway is the longitudinal distance when the rear-most part of the SV is ahead

of the front-most part of the POV. The BSD onset headway criteria nominally corresponds to 2.5
seconds before the front-most part of the POV passes by the rear-most part of the SV.

The BSD termination distance is the longitudinal distance when the rear-most part of the POV is
ahead of the front-most part of the SV. The BSD termination distance criteria nominally
corresponds to 1 second after the rear-most part of the POV passes by the front-most part of

the SV.
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B. Pre-Test Initialization and Calibration

A zero calibration was performed to align the lateral and longitudinal zero for the
vehicles immediately before and after testing. The “zero position” was determined
by positioning the SV and POV such that the centerline of the front-most location of
the POV was aligned with the centerline of the rearmost location of the SV.
Longitudinally, the front-most point of the front bumper of the POV was placed at
the rear-most point of the rear bumper of the SV.

Static calibrations were then performed by placing the SV and POV transmissions
in park, where applicable. Data were then collected for approximately 10 seconds
using data from at least six GPS satellites. If the pre-test and post-test zero-
positions reported by the data acquisition system differed by more than +2 in (5
cm) then the tests performed between the pre-test and post-test static calibrations
were repeated.

C. Vehicle’s Blind Zone

The SV blind zones, for the purpose of this test, are defined by two rectangular
regions adjacent to the sides of the SV, as shown in Figure 3.

The width of each rectangle is 8.2 ft (2.5 m) and is represented by lines parallel to
the longitudinal centerline of the vehicle. The width of the rectangle begins 1.6 ft
(0.5 m) from the outermost edge of the SV’s body, excluding the side view mirrors.

The length of the rectangle starts at the rearmost portion of the SV’s side view
mirrors, perpendicular to the longitudinal centerline of the vehicle, and continues to
a distance dependent on the differential speed between the SV and POV or SOV.
To calculate the distance for the length of the rectangle that extends beyond the
rear bumper of the SV, the following equation is used and corresponds to the length
from point B to point C in Figure 3.

BC = 2.5Av (ft/s to ft)
where,
Av is the differential speed between the POV and the SV. A

positive Av indicates that the POV is travelling faster than the
SV.

18



Figure 3. Vehicle Blind Zone Areas
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Table 3 details the difference in length from point B to point C of the blind zone for
the different speeds used in the tests.

Table 3. B to C Blind Zone Distance

SV-to-POV Differential B to C Distance
Speed (Nominal TTC = 2.5s)

5+ 1 mph 18.3 ft

(8.0 £ 1.6 km/h) (5.6 m)
10 £ 1 mph 36.7 ft

(16.1 £ 1.6 km/h) (11.2 m)
15+ 1 mph 55.0 ft

(24.1 £ 1.6 km/h) (16.8 m)
20 + 1 mph 73.3 ft

(32.2 £ 1.6 km/h) (22.4 m)

For the Straight Lane Converge and Diverge Test scenario where there is no speed
differential between the SV and POV, the B to C distance is given as 9.8 ft (3 m).

D. Principal Other Vehicle

The vehicle used as the Principal Other Vehicle (POV) was a 2006 Acura RL. This
vehicle met the test requirements that the POV be a high-production mid-sized
passenger car from 175 to 197 in (445 to 500 cm) long, and 70 to 76 in (178 to 193
cm) wide, measured at the widest part of the vehicle, exclusive of signal lamps,
marker lamps, outside rearview mirrors, flexible fender extensions, and mud flaps,
determined with doors and windows closed and the wheels in the straight-ahead
position. Vehicle loading consisted of the driver plus equipment and
instrumentation.

E. Throttle Controller

The POV was equipped with a programmable throttle controller which was used
during the Straight Lane Converge and Diverge test scenarios to modulate both
speed and headway overlap between the SV and the POV. The throttle controller
system consisted of the following components:

e Electronically controlled servo motor, mounted on an aluminum rail system
and installed in the vehicle

e Real time computer (Arduino)

20



e Laptop computer, used to program and enable the throttle controller
F. Instrumentation

Table 4 lists the sensors, signal conditioning, and data acquisition equipment used
for these tests.
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Table 4. Test Instrumentation and Equipment

Accuracy, Other

Calibration Dates

Type Output Range Primary Specs Mfr, Model Serial Number IBa:]s‘:
Latitude: £90 deg
Longitude: Horizontal Position: +1 Trimble GPS
i i +180 de cm Receiver,
Differential Global | b ion Velocity oL aed . . _ 00440100989 | N/A
Positioning System Altitude: 0-18 km Vertical Position: 2 ¢cm | 5700 (base station
Velocity: 0-1000 Velocity: 0.05 km/h and in-vehicle)
knots
Position; By: Oxford
Longitudinal, Technical Solutions
Lateral, and Vertical
Accels; .
’ Accels + 10g , Date: 5/3/2019
T ’ Accels .01g, Angular Oxford Inertial + 2258
Multi-Axis Inertial | -2teral, Longitudinal | Angular Rate +100 | oo 05 deg/s. Angle Due: 5/3/2021
Sensing System and Vertical degfs, Angle >45 0.05 deg, Velocity 0.1
Velocities; deg, Velocity >200 kr-‘n/h ’ '
Roll, Pitch, Yaw km/h Date: 8182015
. ate:
Rates; Oxford xNAV 550 | 015386
Roll, Pitch, Yaw Due: 8/8/2021
Angles
Lateral Lane Dist: Lateral Distance to Lane
Real-Time +30m Marking: £2 cm
Calculation of : Lateral Lane Lateral Velocity to Lane .
" Distance and
Posmgn and . V:elocity to lane Velocity: £20 m/sec | Marking: £0.02m/sec g;(rgtri(g;e?g?gasl)
I\_/:rl'nOeCIl\t/)Ilaﬁ(e'rl'nagtlsve to markings (LDW) Longitudinal Range | Longitudinal Range: 3 RT.R Co| 97 N/A
: to POV: +200 m cm -Range
(LDW) and POV and POV (FCW)
(FCW) Longitudinal Range | Longitudinal Range
Rate: £50 m/sec Rate: +0.02 m/sec
Sound Frequency
i -to-noise: Audio-Techni
Microphone (to measure time at | Response: 1SIE:|§I;? 1”;':& 64 dB, A;J'gg)g echnica N/A N/A
alert) 80 Hz — 20 kHz
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Table 4. Test Instrumentation and Equipment (continued)

Accuracy. Other Calibration Dates
Type Output Range Prima y’s ecs Mfr, Model Serial Number Last
ry sp Due
Light intensity e DRI designed and
Light Sensor (to measure time at z’fgzg Bandwidth: Rise time < 10 msec developed Light N/A N/A
alert) e m Sensor
Acceleration Sl Desi
Accelerometer (to measure time at | 59 < 3% of full range 2'2'108_%0565'%5’ N/A N/A
alert)
By: DRI
. . ' o
g;igeressure pehicle Tire 0-100 psi - d/‘; gg‘;rsibetwee“ 20 | Omega DPG8001 | 18111410000 | Date: 5/4/2020
Due: 5/4/2021
Vehicle Total, Intercomp SW By: DRI
Platform Scales Wheel, and Axle 2200 Ib/platform 0.1% of reading wireless P 0410MN20001 Date: 4/20/2020
Load Due: 4/20/2021
+.0020 in.

i By: DRI
ﬁZZ?J?::ﬁent Inertial Sensing 0-81t i(.é)ii;Irem;]oin’[ articulation Faro Arm, UO8-05-08- D);te' 1/6/2020
Machine System Coordinates | 0-2.4 m accuracy) Fusion 06636 Due: 1/6/2021

Type Description Mfr, Model Serial Number

Data Acquisition

Data acquisition is achieved using a dSPACE MicroAutoBox Il. Data
from the Oxford IMU, including Longitudinal, Lateral, and Vertical

dSPACE Micro-Autobox Il 1401/1513

System Acceleration, Roll, Yaw, and Pitch Rate, Forward and Lateral Velocity, Base Board 549068
Roll and Pitch Angle are sent over Ethernet to the MicroAutoBox. The
Oxford IMUs are calibrated per the manufacturer's recommended
schedule (listed above). I/0 Board 588523
Throttle Controller Arduino based, servo actuated controller for managing POV speed DRI developed N/A
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Figure A1. Front View of Subject Vehicle
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Figure A2. Rear View of Subject Vehicle
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2020 SONATA SEL

SOLD TO: SHIPPED TO:

VIN: SNPEF4JA7LHO4
MODEL: 20422F4S
ENGINE: G4KNLK013574
PORT OF ENTRY: MA

EXTERIOR COLOR: QUARTZ WHITE
INTERIOR/SEAT COLOR:  BLACK/BLACK
TRANSPORT: TRUCK
ACCESSORY WEIGHT: 15 Ibs./ 7 kgs.

EMISSIONS: This vehicle mests California Emissions regulations and is
Certified as a Super Ultra Low Emission Vehicle (SULEV)

GOVERNMENT 5-STAR SAFETY RATINGS

This vehicle has not been rated by the goverment for overall
vehicle score, frontal crash, side crash or rollover risk.

Source: National Highway Traffic Safety Administration (NHTSA).
www.safercar.gov or 1-888-327-4236

STANDARD FEATURES:
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ADVANCED SAFETY TECHNOLOGY “QUARTZ WHITE(WWE) |
*Blind Spot Collision-Avoidance Assist INCLUDED -8UART7 RO 300,00
“Rear Cross-Traffic Collision-Avoidance Assist INCLUDED zoBr.\va(r; once Fackage S
“Forward Gollision Avoidance Assist w//Pedesrian Detection INGIUDERIEN |25 -1CO fnement Clister
“Front. Front Side Impact, Side Curtain & Driver Knee Airbags iNGIpED) Syundal Digtalitey(Android Devices Oply)y
I low Asei sl aneKesping Assis INGLUDED Wireless Device Charaing (for Qi Supported Devices).
5 “LED Daylime Fanning Lights INGLUDED Aula;‘dlmmmg Rearview Mirror w/ HomeLink®
e g e
“Smarisiream 2 5L 4-Cylinder Engine w/ GDI and MPI INCLUpED.  USBChame BorkiZaciow)
191 Horsepower @$6,100 rpm /181 Ib-ft Torque @ 4,000 rpm INCLUDED, * Carpelediors izl *32000
“Dual Gontinuous Variable Valve Timing INCLUDED  .Cargo Net 000
*Smartstream 8-Speed Automalic Transmission INCLUDED  .First Aid Kit . hi
“Drive Mode Select INCfiipED - hearBumpar Appligue N
COMFORT & CONVENIENCE YhoelTges bt
*47-Inch Alloy Wheels & P215/55R17 Tires INCLUDED
*LED Headlights w/ Automatic Light Control and High Beam Assist INCLUDED
“Heated Side Mirrors w/ Tum Signal Indicators INCLUDED
*Proximity Key Entry w/ Push Butlon Start INCLUDED
“Hands-Free Smart Trunk Release INCLUDED
*Smart Grusie Control with Stop & Go INCLUDED
*Power Door Locks & Windows w/ Auto Up/Down Front Windows INCLUDED
*Premium Cloth Seating Surfaces w/ Heated Front Seats INCLUDED
“Power Driver Seat w/ Lumbar Support INCLUDED
*60/40 Split-Folding Rear Seat INCLUDED
“Elecironic Parking Brake w/ Automatic Vehicle Hold INCLUDED
“Tiit & Telescopic Steering Wheel w/ Cruise, Audio & Phone Controls INCLUDED
*Dual Automatic Temperature Control INCLUDED
*4.2-inch Color LCD Trip Computer w/ Custom Settings. INCLUDED
*8-inch Color Touchscreen Display Audio INCLUDED
“AM/FM/HD Radio® w/ USB & Auxiliary Input Jacks INCLUDED
*Apple CarPlay (TM) & Android Auto (TM) Integration INCLUDED
*SiriusXM® Radio w/ 90-Day Trial; Not Availabie in AK & Hi INCLUDED
:BIuetoom@ Hands-Free Phone System INCLUDED
rgé\j\e Link® Connecled Services (3-Year Complimentary Trial, enroliment INCLUDED  Total Vehicle Discount -$750.00
*USB charge port INCLUDED _ Inland Freight & Handiing $955.00
12v outlet incLupep  Total Price : $28,515.00
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STATE-OF-THE-ART TECHNOLOGY AND SAFETY
THE SEDAN IS NEW AGAIN BloeLinie

EPA
DOT

Fuel Economy and Environment

You SAVe

$1,000

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

Fuel Economy
MPG Large Cars range from 14 to 111 MPG.
The best vehicle rates 136 MPGe:

LT

combined city/hwy city highway

3 0 2 gallons per 100 miles

Fuel Economy & Greenhouse Gas Rating (iaipipe only) Smog Rating (iaippe o0yl

Annual fuel COSt

Best Best
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Conomy.gov.

Actual results will vary for many reasons, including driving conditions and how you drive and maintain
your vehicle, The average new vehicle gets 27 MPG and costs $7,500 to fuel over 5 years. Cost
estimates are based on 15,000 miles per year at$ 2.70 per gallon. MPGe is miles per gasoline gallon
equivalent. Vehicle emissions are a significant cause of climate change and smog.

fueleconomy.gov

Calculate personalized estimates and compare vehicles

o
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2.
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£cc
nd

Manufacturer's suggested retail price includes ‘manufacturer's recommended pre-delivery service. Gasoline license andtitle fees
state and local taxes and dealer installed options and accessories are not included in the manufacturer's suggested retail price
This label has been affixed to this vehicle by Hyundai Motor America, pursuant to the requirements of 15 U.SIC. 1231 et seq.
which prohibits its removal or alteration prior to delivery to the ultimate purchaser.

PARTS CONTENT INFORMATION
FOR VEHICLE IN THIS CARLINE:
U.S./CANADIAN PARTS CONTENT: 45 %
MAJOR SOURCES OF FOREIGN PARTS CONTENT: KOREA: 40 %

Note: Parts content does not include final assembly, distribution; or ather non-parts costs.
FOR THIS VEHICLE:
FINAL ASSEMBLY POINT: MONTGOMERY, ALABAMA U.S.A.
COUNTRY OF ORIGIN:
ENGINE: U.S.A.
TRANSMISSION: U.S.A.
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Figure A3. Window Sticker (Monroney Label)
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Figure A4. Vehicle Certification Label




Figure A5. Tire Placard
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Fgur AG. Front Vie of Principa Other Vehicle
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Figure A7. Rear View of Principal Other Vehicle
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Figure A8. DGPS, Inertial Measurement Unit, and MicroAutoBox Installed in Subject Vehicle
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Figure A9. Sensors for Detecting Visual Alerts
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Figure A10. Sensors for Detecting'Auditory Alerts
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Figure A11. Computer Installed in Subject Vehicle
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Instrument Cluster

Master Warning Light

This indicator light illuminates:

When there is a malfunction in operation

in any of the following systems:

- Forward Collision-Avoidance Assist
system malfunction (if equipped)

- Forward Collision-Avoidance Assist
radar blocked (if equipped)

- Blind-Spot Collision Warning system
malfunction (if equipped)

- Blind-Spot Collision Warning radar
blocked (if equipped)

- High Beam Assist malfunction (if
equipped)

- Lamp malfunction (if equipped)

- Smart Cruise Control malfunction (if
equipped)

- Tire Pressure Monitoring System
(TPMS) malfunction (if equipped)

To identify the details of the warning,

look at the LCD display.

This warning light illuminates:

*  When you place the ignition in the ON
position.
- Itilluminates for approximately 3

seconds and then goes off.

« When one or more of your tires are
significantly underinflated. (The
location of the underinflated tires is
displayed on the LCD display.)

For more information, refer to "Tire

Pressure Monitoring System (TPMS)" in

chapter 7.

Low Tire Pressure Warning
Light (if equipped)

412

This warning light remains ON after
blinking for approximately 60 seconds, or
repeatedly blinks ON and OFF in 3 second
intervals:

When there is a malfunction with the
TPMS.

In this case, have the vehicle inspected
by an authorized HYUNDAI dealer as
soon as possible.

For more information, refer to "Tire
Pressure Monitoring System (TPMS)" in
chapter7.

PN warNING

Safe Stopping

« The TPMS cannot alert you to severe
and sudden tire damage caused by
external factors.

« If you notice any vehicle instability,
immediately take your foot off the
accelerator pedal, apply the brakes
gradually with light force, and slowly
move to a safe position off the road.

Electronic Stability Control ﬁ.
(ESC) Indicator Light
o

This indicator light illuminates:
* When you place the ignition switch to
the ON position.

- The Electronic Stability Control
indicator light illuminates for about
3 seconds and then goes off.

* Whenever there is a malfunction with

the ESC system.

If this occurs, have the vehicle

inspected by an authorized HYUNDAI

dealer.

This indicator light blinks:
While the ESC is operating.

For more information, refer to
“Electronic Stability Control (ESC)” in
chapter 6.



Instrument Cluster

Master warning mode

D ara ”ﬁ*@,

Check
High Beam

Assist system

A

OIK047173L

This warning light informs the driver the
following situations.

- Forward Collision-Avoidance Assist
system malfunction (if equipped)

- Forward Collision-Avoidance Assist
radar blocked (if equipped)

- Blind-Spot Collision Warning system
malfunction (if equipped)

- Blind-Spot Collision Warning radar
blocked (if equipped)

- High Beam Assist malfunction (if
equipped)

- Lamp malfunction (if equipped)

- Smart Cruise Control malfunction (if
equipped)

- Tire Pressure Monitoring System
(TPMS) malfunction (if equipped)

The Master Warning Light illuminates

if one or more of the above warning

situations occur. At this time, a Master

Warning icon (/A\) will appear beside

the User Settings icon ({8}), on the LCD

display.

If the warning situation is solved, the

master warning light will be turned

off and the Master Warning icon will

disappear.

User settings mode

User Settings
Head-Up Display > |

Driver assistance >

Door >
Lights >

OIK047148L

In this mode, you can change the
settings of the instrument cluster, doors,
lamps, etc.

1. Head-Up Display
. Driver Assistance
Door

. Lights

Sound

. Convenience

. Service interval

. Other

9. Language
10.Reset

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

o NOOAWN



Instrument Cluster
|

2. Driver Assistance

Items Explanation

To adjust Lane Keeping Assist system function.

« Lane Keeping Assist

e : I(_)af?e Departure Warning

For more information, refer to the “Lane Keeping Assist (LKA)” in
chapter 6.

« Blind-Spot View

To activate or deactivate the Blind-Spot View.

« Active assist

= Warning onl
Blind-Spot Safety . Off el

For more information, refer to “Blind-Spot Collision Warning
(BCW)" or "Blind-Spot Collision-Avoidance Assist (BCA)” in
chapter 6.

« Surround View Monitor Auto On

« Parking Distance Warning Auto ON

« Rear Cross-Traffic Safety

To Activate or deactivate the Rear Cross-Traffic Collision-Avoidance
Assist function.

« Active Assist

« Warning only

- Off

For more information, refer to “Rear Cross-Traffic Collision-
Avoidance Assist (RCCA) system” in chapter 6.

Parking Safety

4-26
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2. Driver Assistance

Items

Explanation

Driving Assist

« Highway Driving Assist

To activate or deactivate the Highway Driving Assist (HDA).

For more information, refer to the “Highway Driving Assist (HDA)"
in chapter 6.

« Highway Auto Curve Slowdown

To activate or deactivate the Highway Auto Curve Slowdown
(NSCC).

For more information, refer to the Highway "Auto Curve
Slowdown (NSCC)" in chapter 6.

Warning Timing

To adjust the warning timing of the driver assistance system.
« Normal / Late

Warning Volume

To adjust the warning volume of the driver assistance system.
« High / Medium / Low

Driver Attention
Warning

« Leading Vehicle Departure Alert
To activate or deactivate the Leading vehicle departure alert.

« Inattentive Driving Warning

To activate or deactivate the Driver Attention Warning (DAW).
For more information, refer to the “Driver Attention Warning
(DAW)” in chapter 6.

Forward safety

To adjust the Forward Collision-Avoidance Assist function.

« Active Assist

« Warning only

« Off

For more information, refer to the "Forward Collision-Avoidance
Assist (FCA)" in chapter 6.

Lane Safety

To adjust Lane Keeping Assist system function.

« Lane Keeping Assist

« Lane Departure Warning

« Off

For more information, refer to the “Lane Keeping Assist (LKA)” in
chapter 6.

Blind-Spot Safety

« Blind-Spot View

To activate or deactivate the Blind-Spot View.

« Active assist

« Warning only

« Off

For more information, refer to "Blind-Spot Collision-Avoidance
Assist (BCA)” in chapter 6.

Parking Safety

« Parking Distance Warning Auto ON

« Rear Cross-Traffic Safety

To Activate or deactivate the Rear Cross-Traffic Collision-Avoidance
Assist function.

« Active Assist

« Warning only

« Off

For more information, refer to “Rear Cross-Traffic Collision-
Avoidance Assist (RCCA) system” in chapter 6.

4-a1
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Convenient Features

HEAD UP DISPLAY (HUD) (IF EQUIPPED)

3 ODNBA05905%
The Head-Up Display is an optional
feature that allows the driver to view
information projected onto a transparent
screen while still keeping your eyes
safely on the road ahead while driving.

Precautions while using the head up
display
It may sometimes be difficult to read

information on the head up display in the
following situations.

- Thedriver is improperly positioned in
the driver’s seat.

- The driver wears polarizing-filter
sunglasses.

- Anobject is located above the head
up display cover.

- The vehicle is driven on a wet road.

- Any improper lighting accessory is
installed inside the vehicle, or there
isincoming light from outside of the
vehicle.

- The driver wears glasses.

- The driver wears contact lenses.

When it is difficult to read the head up

display information, adjust the head

up display angle or the head up display

brightness level in the User Settings

mode. For more information, refer to

“LCD Display” in this chapter.

5-72
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« Do not tint the front windshield
glass or add other types of metallic
coating. Otherwise, the head up
display image may be invisible.

« Do not place any accessories on the
crash pad or attach any objects on
the windshield glass.

¢ The Blind-spot Collision Warning
system warnings on the head up
display are supplemental. Do not
solely depend on them to change
lanes. Always take a look around
before changing lanes.

When replacing the front windshield
glass of the vehicle equipped with

the head up display, replace it with

a windshield glass designed for the
head up display operation. Otherwise,
duplicated images may be displayed on
the windshield glass.

Head-up display ON/OFF

Head-Up Display

O Back

Enable Head-Up...

OIK047152N

To activate the head up display, select
‘Enable Head-Up Display’ on the User
Settings mode on the instrument cluster
LCD display.

If you do not select ‘Enable Head-Up
Display’, the head up display will be
deactivated.

If your vehicle is equipped with
additional navigation, please refer to the
infotainment system manual separately
supplied.
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Head-up display information
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ODNB8A059338

. Turn-by-turn (TBT) navigation
information

. Road information

. Speedometer

. Cruise system set speed

. Smart Cruise Control information

. Lane Following Assist system

information

7. Lane Keeping Assist system
information

8. Blind-spot Collision Warning system
information

9. Highway Driving Assist system

information

-

oA~ WwWwN

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

n Information

If you select the Turn By Turn (TBT)
navigation information as Head-Up
Display contents, the Turn By Turn
(TBT) navigation information will not be
displayed in the instrument cluster LCD
display.

B-7

Head-up display setting

On the LCD display, you can change the
head up display settings as follows.

« Enable Head-up display

« Display Height

- Rotation

« Brightness

- Content Selection

« Speed Size

« Speed Color

For more information, refer to “LCD
Display” in chapter 4. If your vehicle is
equipped with additional navigation,
please refer to the infotainment system
manual separately supplied.
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BLIND-SPOT COLLISION WARNING (BCW) / BLIND-SPOT
COLLISION-AVOIDANCE ASSIST (BCA) (IF EQUIPPED)

System Description (2) Fast approach vehicle warning
Blind-Spot Collision Warning

Blind-Spot Collision Warning system
uses rear corner radar sensors to monitor
and warn the driver of an approaching
vehicle in the driver’s blind spot area.

(1) Blind-spot vehicle warning

OIKO57139L

BCW system will alert you when a vehicle
is detected approaching in an adjacent
lane at a high rate of speed. If the driver
activates the turn signal when the system
detects an oncoming vehicle, the system
sounds an audible alert.

OIK057138

BCW system detects and warns vehicles Blind-Spot Collision-Avoidance
in blind-spot. Assist

The blind spot detection range varies
relative to vehicle speed.

Note that if your vehicle is traveling
much faster than the vehicles around
you, the warning will not occur.

©ODN8H059322

Blind-Spot Collision-Avoidance Assist
system detects the front lane through the
front view camera installed on the upper
front windshield and detects the side/
rear areas through rear corner radars.
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While Driving

Blind-Spot Collision-Avoidance Assist
system may activate the Electronic
Stability Control (ESC) in accordance
with a colliding possibility with an
approaching vehicle while changing
lanes. It is to lower the colliding risk or
help mitigate the colliding damage.

PN warNING

« Always be aware of road conditions
while driving and be alert for
unexpected situations even though
the Blind-Spot Collision Warning
system and Blind-Spot Collision-
Avoidance Assist system are
operating.

« Blind-Spot Collision Warning system
and Blind-Spot Collision-Avoidance
Assist system are supplemental
systems to assist you. Always pay
attention, while driving, for your
safety. Do not entirely rely on the
systems or an accident may occur.

« Blind-Spot Collision Warning system
and Blind-Spot Collision-Avoidance
Assist system are not substitutes
for proper and safe driving. Always
drive safely and use caution when
changing lanes or backing up the
vehicle.

Blind-Spot Collision Warning system
and Blind-Spot Collision-Avoidance
Assist system may not detect every
object alongside the vehicle.

6-68

System Setting and Activation
System setting

The driver can activate the system
by placing the ignition switch to the
ON position and by selecting ‘User
Settings - Driver Assistance - Blind-
Spot Safety’

BCA and BCW turn on and get
ready to be activated when ‘Active
assist’ is selected. Then, if a vehicle
approaches the driver’s blind spot
area a warning sounds or braking
power is applied.

- BCW turns on and gets ready to
be activated when ‘Warning only’
is selected. Then, if a vehicle
approaches the driver’s blind spot
area a warning sounds. Braking
assist will not be applied in this
setting.

- If you select “Off", BCW system
deactivates.

If the engine is turned off then on
again, the system maintains the
previous state.

The driver can select the initial
warning activation time in the
User Settings in the LCD display
or infotainment system display by
selecting ‘User Settings - Driver
Assistance -» Warning Timing’.



« The options for the initial Blind-
Spot Collision Warning includes the
following:

- Normal:

When this condition is selected, the
initial Blind-Spot Collision Warning
is activated normally. If this setting
feels sensitive change the option to
‘Later’.

The warning activation time may
feel late if a vehicle at the side or
rear abruptly accelerates.

Later:

Select this warning activation time
when the traffic is light and you are
driving in a low speed.

u Information

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

- Thedriver can select the warning
volume of Blind-Spot Collision
Warning in the User Settings in the
LCD display or infotainment system
display by selecting ‘User Settings »
Driver Assistance » Warning Volume -
High/Medium/Low’.

n Information

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

B-10

Operating Conditions

The system enters the ready status,

when ‘Active Assist’ or ‘Warning Only’ is

selected and the following conditions are

satisfied:

« Active Assist

(1) Blind-Spot Collision-Avoidance Assist
system will activate when:

- Vehicle speed is between 40 mph
and 112 mph (60 km/h and 180
km/h).

- The system detects both of the lane
lines.

- An approaching vehicle is detected
next to or behind your vehicle.

(2) Blind-Spot Collision Warning system
will activate when:

The vehicle speed is above about 20

mph (30 km/h).

« Warning Only
(1) Blind-Spot Collision Warning system
will activate when:

- The vehicle speed is above 20 mph
(30 km/h).

% Blind-Spot Collision-Avoidance Assist
system is not activated.
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Warning and System Control
Blind-Spot Collision Warning

B Leftside
4 \ -

. -
e - .

\Z

%
ODN8069028

ODN8069029
First stage alert g
If a vehicle is detected within the
boundary of the system, a warning light
will illuminate on the side view mirror A
and the head up display (if equipped).
Once the detected vehicle is no longer
within the blind spot area, the warning |
will turn off according to the driving
ODN8069030

conditions of the vehicle.

[A] : Warning sound

Second stage alert

A warning chime to alert the driver will
activate when:

1. Avehicle has been detected in the

blind spot area by the radar system
AND.

2. The turn signal is applied (same
side as where the vehicle is being
detected).

When this alert is activated, the warning
light on the side view mirror and the
head up display (if equipped) will also
blink. And a warning chime will sound.
If you turn off the turn signal indicator,
the second stage alert will be
deactivated.

Once the detected vehicle is no longer
within the blind spot area, the warning
will turn off according to the driving
conditions of the vehicle.
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PN warNING

« The warning light on the side view
mirror will illuminate whenever a
vehicle is detected at the rear side by
the system.

To avoid accidents, do not focus only
on the warning light and neglect to
see the surrounding of the vehicle.

« Drive safely even though the
vehicle is equipped with Blind-Spot
Collision-Avoidance Assist system.
Do not solely rely on the system
but check your surrounding before
changing lanes or backing the
vehicle up.

« The system may not alert the driver
in some conditions so always check
your surroundings while driving.

VN caution

« The driver should always use
extreme caution while operating
the vehicle, whether or not the
warning light on the side view mirror
illuminates or there is a warning
alarm.

« Playing the vehicle audio system at
high volume may offset the Blind-
Spot Collision Warning system
warning sounds.

« The warning of Blind-Spot Collision-
Avoidance Assist system may not
sound while other system’s warning
sounds.

B-12

Blind-Spot Collision-Avoidance
Assist

Blind-Spot Collision-Avoidance Assist
system may apply braking power, when
an approaching vehicle is detected
within a certain distance next to or
behind your vehicle.

It gently applies braking power on the
tire, which is located in the opposite
side of the possibly-colliding point. The
instrument cluster will inform the driver
of the system activation.

Blind-Spot Collision-Avoidance Assist

system is automatically deactivated

when:

- The vehicle drives a certain distance
away

- The vehicle direction is changed
against the possible-colliding point

- The steering wheel is abruptly moved
- The brake pedal is depressed
- After a certain period of time

The driver should drive the vehicle in the
middle of the vehicle lanes to keep the
system in the ready status.

When the vehicle drives too close to one
side of the vehicle lanes, the system may
not properly operate.

In addition, the system may not properly
control your vehicle in accordance with
driving situations. Thus, always pay close
attention to road situations.
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PN warNING

The driver is responsible for accurate
steering.

Do not unnecessarily operate the
steering wheel, when Blind-Spot
Collision-Avoidance Assist system is
in operation.

Always pay extreme caution while
driving. The Blind-Spot Collision-
Avoidance Assist system may not
operate or unnecessarily operate
in accordance with your driving
situations.

Blind-Spot Collision-Avoidance
Assist system is not a substitute

for safe driving practices, but a
convenience function only. Itis

the responsibility of the driver to
always drive cautiously to prevent
unexpected and sudden situations
from occurring. Pay attention to the
road conditions at all times.

Detecting Sensors
(Front view camera and Rear
corner radar)

Front view camera

The front view camera is a sensor
detecting the lane. If the sensors are
covered with snow, rain or foreign
substance, the system may temporarily
be cancelled and not work properly
until the system is cancelled due to the
degradation of the sensor’s detection
performance. Always keep the sensor
clean.

% Refer to Lane Keeping Assist (LKA) for
cautions for the front view camera.
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Rear corner radar

The rear corner radars are the sensors
inside the rear bumper for detecting the
side and rear areas. Always keep the rear
bumper clean for proper operation of the
system.

VN caution

The system may not work properly
when the bumper has been
damaged, or if the rear bumper has
been replaced or repaired.

The sensing range differs somewhat
according to the width of the road.
When the road is narrow, the system
may detect other vehicles in the next
lane. On the other hand, when the
road is wide, the system may not
detect vehicles on both lanes and
may not warn.

The system may turn off due to
strong electromagnetic waves.

Always keep the sensors clean.

NEVER arbitrarily disassemble the
sensor component nor apply any
impact on the sensor component.

Be careful not to apply unnecessary
force on the radar sensor or sensor
cover. If the sensor is forcibly moved
out of proper alignment, the system
may not operate correctly. In this
case, a warning message may not

be displayed. Have the vehicle
inspected by an authorized HYUNDAI
dealer.

B-14

Do not apply foreign objects such as
a bumper sticker or a bumper guard
near the radar sensor or apply paint
to the sensor area. Doing so may
adversely affect the performance of
the sensor.

NEVER install any accessories or
stickers on the front windshield, nor
tint the front windshield.

Pay extreme caution to keep the
front view camera out of water.
NEVER locate any reflective objects
(i.e. white paper, mirror) over the
crash pad. Any light reflection may
cause a malfunction of the system.
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Warning message

Blind-Spot
Collision Warning

(BCW) system
disabled.
Radar blocked

OIK057092L
Blind-Spot Collision Warning (BCW)
system disabled.

Radar blocked

This warning message may appear when:

- One or both of the sensors on the rear
bumper is blocked by dirt or snow or a
foreign object.

- Driving in rural areas where the sensor
does not detect another vehicle for an
extended period of time.

- When there is inclement weather such
as heavy snow or rain.

- Atrailer or carrier or another object is
installed around the rear view radars.

If any of these conditions occur, the
system will turn off automatically.

When BCW canceled warning message
is displayed in the cluster, check to make
sure that the rear bumper is free from
any dirt or snow in the areas where the
sensors are located. Remove any dirt,
snow, or foreign material that could
interfere with the radar sensors.

After any dirt or debris is removed, the
system should operate normally after
about 10 minutes of driving the vehicle.

If the system still does not operate
normally have your vehicle inspected by
an authorized HYUNDAI dealer.

ﬂ Information

Turn off BCW, BCA and RCCW, RCCA
system (if equipped) when a trailer or
carrier is installed.

- Deactivate BCW, BCA system by
deselecting “User Settings — Driver
Assistance — Blind-Spot Safety — Off’

- Deactivate RCCW, RCCA system by
deselecting ‘User Settings — Driver
Assistance — Parking Safety — Rear
Cross-Traffic Safety’

H Type A H Type B

Check Blind-Spot
Collision Warning
(BCW) system

Check Blind-Spot
Collision Warning
(BCW) system

C|

OTMO58151L

=) @&

OADO58169L

=]

Check Blind-Spot Collision Warning
(BCW) system

If there is a problem with BCW system,

a warning message will appear. The
system will turn off automatically. BCA
will not operate also if BCW system turns
off due to malfunction. Have the vehicle
inspected by an authorized HYUNDAI
dealer.
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B Type A H Type B Limitations of the System

. The driver must be cautious in the below
Check Blind-Spot . N
Collision-Avoidance Check Blind-Spot situations, becau_se the Sys_tem may nOt_
Assist(BCA) syst. Collision-Avoidance detect other vehicles or objects in certain
Assist(BCA) syst. circumstances.
« The system may not work around 15
@ seconds after starting the vehicle or
& ﬂ“ the initialization or rebooting of the
— front view camera.

- When a trailer or carrier is installed.

)

ﬁ\\

OIMO580870 OBNB0592A80 + The vehicle drives in inclement
Check Blind-Spot Collision-Avoidance weather such as heavy rain or snow.
Assist (BCA) system - The sensors are polluted with rain,
If there is a problem with BCA system, snow, mud, etc.

a warning message will appear. The
system will turn off automatically. BCW
will still operate even if BCA system turns
off due to malfunction. Have the vehicle
inspected by an authorized HYUNDAI
dealer.

« The rear bumper where the sensors
are located is covered with a foreign
object such as a bumper sticker, a
bumper guard, a bike rack, etc.

« The rear bumper is damaged, or the
sensor is out of the original default
position.

« The vehicle height gets lower or
higher due to heavy loading in a trunk,
abnormal tire pressure, etc.

« When the temperature of the rear
bumper is high.

«  When the sensors are blocked by
other vehicles, walls or parking-lot
pillars.

« The vehicle drives on a curved road.

« The vehicle drives through a tollgate.

« The road pavement (or the peripheral
ground) abnormally contains metallic
components (i.e. possibly due to
subway construction).

- Thereis a fixed object near the
vehicle, such as a guardrail.
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While Driving

While going down or up a steep
road where the height of the lane is
different.

Driving on a narrow road where trees
or grass or overgrown.

Driving in rural areas where the sensor
does not detect another vehicle or
structure for an extended period of
time.

Driving on a wet road.

Driving on a road where the guardrail
or wall is in double structure.

A big vehicle is near such as a bus or
truck.

When the other vehicle approaches
very close.

When the other vehicle passes at a
very fast speed.

While changing lanes.

If the vehicle has started at the same
time as the vehicle next to you and
has accelerated.

When the vehicle in the next lane
moves two lanes away from you OR
when the vehicle two lanes away
moves to the next lane from you.

A motorcycle or bicycle is near.

A flat trailer is near.

If there are small objects in the
detecting area such as a shopping
cart or a baby stroller.

6-76

If there is a low height vehicle such as
a sports car.

The brake pedal is depressed.

ESC (Electronic Stability Control) is
activated.

ESC (Electronic Stability Control)
malfunctions.

The tire pressure is low or a tire is
damaged.

The brake is reworked.

The vehicle abruptly changes driving
direction.

The vehicle makes sharp lane
changes.

The vehicle sharply stops.
Temperature is extremely low around
the vehicle.

The vehicle severely vibrates while
driving over a bumpy road, uneven/
bumpy road, or concrete patch.

The vehicle drives on a slippery
surface due to snow, water puddle,
orice.

Lane Keeping Assist does not operate
normally. (if equipped)

For more information, refer to “Lane
Keeping Assist (LKA)” in this chapter.
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Driving on a curve

BCW and BCA systems may not
operate properly when driving on a
curved road. In certain instances, the
system may not detect the vehicle in
the next lane.

Always pay attention to road and
driving conditions, while driving.

OHI058313L1

BCW and BCA systems may not
operate properly when driving on a
curved road. In certain instances, the
system may recognize a vehicle in the
same lane.

Always pay attention to road and
driving conditions, while driving.

B-18

OHI058314L5

Driving where the road is merging/
dividing

BCW and BCA systems may not
operate properly when driving where
the road is merging/dividing. In
certain instances, the system may not
detect the vehicle in the next lane.
Always pay attention to road and
driving conditions, while driving.

Driving on a slope

BCW and BCA systems may not
operate properly when driving on a
slope. In certain instances the system
may not detect the vehicle in the next
lane.

Also, in certain instances, the system
may wrongly recognize the ground or
structures.

Always pay attention to road and
driving conditions, while driving.
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While Driving
|

\ 9033
¢ Driving where the heights of the lanes

[A] : Noise barrier, [B] : Guardrail

are different

BCW and BCA systems may not
operate properly when driving where
the heights of the lanes are different.

In certain instances, the system may
not detect the vehicle on a road with
different lane heights (i.e. underpass
joining section, grade separated
intersections, etc.).

Always pay attention to road and
driving conditions, while driving.
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Driving where there is a structure
beside the road

BCW and BCA systems may not
operate properly when driving where
there is structure beside the road.

In certain instances, the system may
wrongly recognize the structures

(i.e. noise barriers, guardrail, double
guardrail, median strip, bollard, street
light, road sign, tunnel wall, etc.)
beside the road.

Always pay attention to road and
driving conditions, while driving.

u Information

This device complies with Part 15 of the
FCC rules.
Operation is subject to the following two
conditions:

1.

This device may not cause harmful
interference.

2. This device must accept any

interference received, including
interference that may cause undesired
operation.
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Detecting Sensors

The rear corner radars are the sensors
inside the rear bumper for detecting the
side and rear areas. Always keep the rear
bumper clean for proper operation of the
system.

VN caution

« The system may not work properly
when the bumper has been
damaged, or if the rear bumper has
been replaced or repaired.

« The system may turn off due to
strong electromagnetic waves.

- Always keep the sensors clean.

« NEVER arbitrarily disassemble the
sensor component nor apply any
impact on the sensor component.

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

- Do not apply foreign objects such as
a bumper sticker or a bumper guard
near the radar sensor or apply paint
to the sensor area. Doing so may
adversely affect the performance of
the sensor.
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Warning message

Blind-Spot
Collision Warning

(BCW) system
disabled.
Radar blocked

OIK057092L

Blind-Spot Collision Warning (BCW)
system disabled. Radar blocked

This warning message may appear when:
One or both of the sensors on the rear
bumper is blocked by dirt or snow or a
foreign object.

Driving in rural areas where the sensor
does not detect another vehicle for an
extended period of time.

When there is inclement weather such as
heavy snow or rain.
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While Driving

If any of these conditions occur, the
system will turn off automatically.

When BCW canceled warning message
is displayed in the cluster, check to make
sure that the rear bumper is free from
any dirt or snow in the areas where the
sensor is located. Remove any dirt, snow,
or foreign material that could interfere
with the radar sensors.

After any dirt or debris is removed, the
system should operate normally after
about 10 minutes of driving the vehicle.
If the system still does not operate
normally have your vehicle inspected by
an authorized HYUNDAI dealer.

ﬂ Information

Turn off BCW, BCA and RCCA system
when a trailer or carrier is installed.

Deactivate BCW and BCA system

by selecting “User Settings — Driver
Assistance — Blind-Spot Safety — Off”
Deactivate RCCW and RCCA system
by deselecting “User Settings — Driver
Assistance — Parking Safety — Rear
Cross-Traffic Safety”.
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H Type A M Type B

Check Blind-Spot
Collision Warning
(BCW) system

N

OADO58169L OTMO58151L
Check Blind-Spot Collision Warning
(BCW) system

If there is a problem with BCW system,

a warning message will appear. The
system will turn off automatically. RCCW
and RCCA will not operate also if BCW
system turns off due to malfunction.
Have the vehicle inspected by an
authorized HYUNDAI dealer.

Check Blind-Spot
Collision Warning
(BCW) system

Limitations of the System

The driver must be cautious in the below
situations, because the system may not
detect other vehicles or objects in certain
circumstances.

* When a trailer or carrier is installed.

« The vehicle drives in inclement
weather such as heavy rain or snow.

« The radar sensor is polluted with rain,
snow, mud, etc.

* The rear bumper where the radar
sensors are located is covered with
a foreign object such as a bumper
sticker, a bumper guard, a bike rack,
etc.

* The rear bumper is damaged, or the
sensor is out of the original default
position.
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Subject Vehicle: 2020 Hyundai Sonata SEL Date: 8/18/2020

Test Engineer: S. Judy

BSD Side | Valid | BSD On | BSD Off Acceptability Criteria met?

Run Test Type . Notes
(L/R) | Run? | (ft) (ft) BSD On | BSD Off | Overall
1 Static Run
40 Static
41 N Headway, lateral speed
42 N Yaw, lateral speed
43 N POV speed, yaw, lateral
speed
44 N Yaw, lateral speed
45 N Ran out of track
46 N Lateral speed
Converge/ .
47 . Right N Lateral speed
Diverge
48 N Yaw, lateral speed
49 N Ran out of track
50 Y -0.8 6.3 No Yes No
51 Y -04 6.5 No Yes No
52 Y -4.9 6.9 No Yes No
53 N Lateral speed
54 N POV speed, yaw, lateral
speed

2 The acceptability criteria listed herein are used only as a guide to gauge system performance, and are identical to the Pass/Fail criteria given in NHTSA’s most current Test Procedure in
docket NHTSA-2019-0102-0010, BLIND SPOT DETECTION SYSTEM CONFIRMATION TEST.
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Acceptability Criteria met?

BSD Side | Valid | BSD On | BSD Off
Run Test Type o Notes
(L/R) | Run? | (ft) (ft) BSD On | BSD Off | Overall

55 N POV speed, yaw
56 Y -0.3 6.0 No Yes No

Converge/ .
57 . Right Y -04 6.2 No Yes No

Diverge
58 Y -0.4 6.4 No Yes No
59 Y -0.5 5.7 No Yes No
60 N Yaw, lateral speed
61 N Ran out of track
62 N Ran out of track
63 N Yaw
64 N Lateral speed
65 N Yaw, lateral speed
66 N Y.aw, lateral speed, lateral
distance
Converge/ Yaw, lateral speed, lateral
Diverge istance

68 N Lateral speed
69 N Ran out of track
70 N POV speed
71 N Lateral speed
72 N Yaw, lateral speed
73 N POV speed, lateral speed
74 N Lateral speed
75 Y 1.1 6.5 Yes Yes Yes
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Acceptability Criteria met?

Run Test Type BSD Side | Valid | BSD On | BSD Off Notes
(L/R) | Run? |  (ft) (f) BSD On | BSD Off | Overall

76 Y 0.5 6.2 Yes Yes Yes

77 Y 1.0 6.1 Yes Yes Yes

78 Y 0.5 5.0 Yes Yes Yes

79 N Ran out of track

80 Y -3.0 4.6 No Yes No

81 N Lateral speed

82 Y -3.5 5.6 No Yes No

83 N Yaw

84 N Lateral speed

85 Converge/ N Lateral speed

86 Diverge Left N Yaw, lateral speed

87 N Lateral speed

88 N SPpC;\é CIspeed, yaw, lateral

89 N Ran out of track

90 N Yaw

91 N Lateral speed

92 N Yaw, lateral speed

93 N Yaw

94 N Yaw

95 Y -3.4 5.6 No Yes No
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Acceptability Criteria met?

BSD Side | Valid | BSD On | BSD Off
Run Test Type o Notes
(L/R) | Run? (ft) (ft) BSD On | BSD Off | Overall
2 N Light sensor problem
3 N Light sensor problem
4 N Light sensor problem
5 Y 14.8 15.9 Yes Yes Yes
6 Y 13.5 15.4 Yes Yes Yes
7 Straight Lane Right N SV speed
45/50 9 P
8 Y 11.6 16.5 Yes Yes Yes
9 N Lateral distance
10 Y 13.7 16.2 Yes Yes Yes
11 Y 171 15.8 Yes Yes Yes
12 Y 19.6 16.6 Yes Yes Yes
96 N Lateral distance
97 Y 16.6 17.0 Yes Yes Yes
98 Y 12.8 16.1 Yes Yes Yes
99 N POV speed
Straight Lane
100 Left Y 15.8 12.6 Yes Yes Yes
45/50
101 Y 15.6 15.9 Yes Yes Yes
102 Y 15.7 17.7 Yes Yes Yes
103 Y 114 17.2 Yes Yes Yes
104 Y 13.6 17.5 Yes Yes Yes
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Acceptability Criteria met?

BSD Side | Valid | BSD On | BSD Off
Run Test Type o Notes
(L/R) | Run? (ft) (ft) BSD On | BSD Off | Overall
13 Y 34.0 20.6 Yes Yes Yes
14 Y 30.3 18.9 Yes Yes Yes
15 Y 314 19.8 Yes Yes Yes
16 S heL Y 35.5 21.0 Yes Yes Yes
traight Lane
17 Right N POV speed
45/55 'g P
18 Y 29.9 19.9 Yes Yes Yes
19 Y 29.9 20.2 Yes Yes Yes
20 Y 33.5 19.7 Yes Yes Yes
21 Y 27.5 19.7 Yes Yes Yes
105 Y 30.0 20.0 Yes Yes Yes
106 Y 30.9 20.2 Yes Yes Yes
107 Y 27.5 20.4 Yes Yes Yes
Straight Lane
108 Left Y 27.7 21.2 Yes Yes Yes
45/55
109 Y 28.7 21.0 Yes Yes Yes
110 Y 30.2 21.8 Yes Yes Yes
111 Y 325 21.2 Yes Yes Yes
22 Y 454 25.3 Yes Yes Yes
23 Y 48.6 25.2 Yes Yes Yes
24 Straight Lane Right Y 42.6 14.1 Yes Yes Yes
45/60 g ' '
25 Y 46.7 26.4 Yes Yes Yes
26 Y 47.3 24.8 Yes Yes Yes
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Acceptability Criteria met?

BSD Side | Valid | BSD On | BSD Off
Run Test Type o Notes
(L/R) | Run? (ft) (ft) BSD On | BSD Off | Overall
27 Y 47.0 24.0 Yes Yes Yes
Straight Lane .

28 45/60 Right Y 48.0 24.2 Yes Yes Yes

29 Y 49.5 24.0 Yes Yes Yes

112 Y 48.8 25.5 Yes Yes Yes

113 Y 46.7 27.5 Yes Yes Yes

114 Y 48.9 25.6 Yes Yes Yes

Straight Lane
115 Left Y 47 .4 28.7 Yes Yes Yes
45/60

116 Y 45.2 25.0 Yes Yes Yes

117 Y 47.3 18.5 Yes Yes Yes

118 Y 49.8 25.3 Yes Yes Yes

30 Y 68.8 36.0 Yes Yes Yes

31 Y 67.1 44 .8 Yes Yes Yes

32 N POV speed
33 N POV speed
34 Straight Lane Riaht Y 59.7 24.4 Yes Yes Yes

i

35 45/65 g N POV speed
36 N POV speed
37 Y 65.6 25.5 Yes Yes Yes

38 Y 65.3 24.0 Yes Yes Yes

39 Y 68.5 25.6 Yes Yes Yes
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Acceptability Criteria met?

BSD Side | Valid | BSD On | BSD Off
Run Test Type o Notes
(L/R) | Run? (ft) (ft) BSD On | BSD Off | Overall

119 Y 52.7 39.0 Yes Yes Yes

120 Y 63.9 40.8 Yes Yes Yes

121 N Lateral distance
122 Y 56.7 171 Yes Yes Yes

123 . Y 70.2 29.7 Yes Yes Yes

Straight Lane Left
124 45/65 Y 60.7 33.9 Yes Yes Yes
125 N P.OV speed, lateral
distance

126 Y 62.2 36.7 Yes Yes Yes

127 Y 61.9 27.3 Yes Yes Yes

128 Y 65.8 47 1 Yes Yes Yes
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Description of Time History Plots

A set of time history plots is provided for each valid run in the test series. Each set of plots comprises time varying data
from both the Subject Vehicle (SV) and Principal Other Vehicle (POV) with overlaid pass/fail and validity envelopes
and thresholds.

Several of the plots include green envelopes (boxes) that are provided to verify test validity. For plots with green
envelopes, the test is valid if the time-varying data is completely within the envelope boundaries.

Plots shown herein are grouped by test type and are presented sequentially within a given test type. Each time history
plot consists of data relevant to the test type under consideration, and therefore the data channels plotted vary
according to test type. The test types (shown in the plot titles) include:

Straight Lane Converge/Diverge

Straight Lane Pass-by (SV at 45 mph, POV at 50 mph)
Straight Lane Pass-by (SV at 45 mph, POV at 55 mph)
Straight Lane Pass-by (SV at 45 mph, POV at 60 mph)
Straight Lane Pass-by (SV at 45 mph, POV at 65 mph)

Sub-plots
Time history figures include the following sub-plots:

e BSD Warning — displays the Blind Spot Detection alert (which can be audible, visual, or haptic). Depending
on the type of BSD alert or instrumentation used to measure the alert, this can be any of the following:

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

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

o Normalized light sensor signal. The vertical scale is 0 to 1.

The magenta envelopes indicate pass/fail criteria. For a test to meet the BSD-on criterion, the trace must be
greater than a threshold of 0.5 and completely within the first envelope. The envelope begins 300 ms after
the POV enters the SV Blind Zone and ends when the POV is no longer in the SV Blind Zone for
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Converge/Diverge tests and when the front-most part of the POV is in front of line A' for Straight Lane Pass-
by test.

For a test to meet the BSD-off criterion, the trace must be less than a threshold of 0.5 and completely within
the second envelope. The envelope begins when the lateral distance between the POV and SV is greater
than 6 m (19.7 ft) for Converge/Diverge Tests and when the longitudinal distance between the rear-most part
of the POV and the front-most part of the SV exceeds the BSD termination headway specified in Table 4 of
the test procedure. The envelope ends at the end of the test.

The bold black vertical lines indicate BSD-on and BSD-off. The value shown for BSD-on represents the
distance? between the POV and 300 ms into SV’s Blind Zone. A negative value means the BSD warning
activated after 300 ms of the POV entering the SV’s blind zone and the warning was late. The value shown
for BSD-off for Converge/Diverge tests represents the lateral distance between the POV and SV relative to
the 6 m (19.7 ft) BSD-off requirement. The value shown for BSD-off for Pass-by tests represents the
longitudinal distance between the POV and SV relative to the BSD termination headway for a given test
speed. A negative value means the BSD warning deactivated after the lateral distance between the POV and
SV was greater than 6 m (19.7 ft) for Converge/Diverge tests or the longitudinal distance between the POV
and SB was greater than the BSD termination headway for Pass-by tests and the warning was late.

e Headway (ft) — for Converge/Diverge tests, this is the longitudinal distance from the front of the POV to
the rear of the SV. A negative value for headway indicates that the front of the POV is forward relative to the
rear of the SV. For Straight Lane Pass-by tests, two headway traces are shown. The distance from the front
of the POV to the rear of the SV is shown in black and the distance from the front of the SV to the rear of
the POV is shown in green. Additionally, there are colored markers with values to indicate critical events.

Yellow Marker — BSD warning activates

Black Marker — POV enters the SV Blind Zone

Cyan Marker — 300 ms after the POV enters the SV Blind Zone

Red Marker — POV exits the SV Blind Zone

Green Marker — BSD warning deactivates

Blue Marker — BSD termination headway

O O O O O O

"Line A is defined as the line that connects the rearmost part of the SV side mirror housings and runs perpendicular to the SV’s longitudinal centerline
2 Lateral distance for Converge and Diverge Scenarios and longitudinal distance for Pass-by Scenarios
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e SV Speed (mph) — speed of the SV.
e POV Speed (mph) — speed of the POV.

¢ Yaw Rate (deg/sec) — yaw rate of the SV and POV. Overlapping validity envelopes are shown for the
Converge/Diverge tests. The darker green indicates the validity envelope for the POV.

e Lateral Distance (ft) — lateral distance from the widest point (not including side mirrors) on the side of the SV
to the widest point (not including side mirrors) on the side of the POV.

e Lateral Velocity (ft/s) — lateral velocity of the POV for Converge/Diverge tests only. Bold vertical black lines are
provided to indicate the allowable lateral velocity range. A green dot indicates a valid value.

Color Codes

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

Color codes can be broken into four categories:
1. Time-varying data
2. Pass/Fail envelopes, validation envelopes and thresholds
3. Individual data points
4. Text

1. Time-varying data color codes:
e Blue = Subject Vehicle data
e Magenta = Principal Other Vehicle data
e Brown = Relative data between SV and POV (i.e., TTC, lateral distance and headway distance)

2. Pass/Fail envelopes, validation envelopes and threshold color codes:
e Magenta envelope = time varying data must be within the envelope at all times for a passing run
e Green envelope = time varying data must be within the envelope at all times in order to be valid



e Black threshold (Solid) = time varying data must cross this threshold in the time period shown in order to be
valid

3. Individual data point color codes:
e Green circle = passing or valid value at a given moment in time
e Red asterisk = failing or invalid value at a given moment in time

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

Other Notations

No Wng — No warning was detected.

On Late — Indicates that the BSD warning activated after the allowable criteria.

Off Early — Indicates that the BSD warning deactivated before the allowable criteria.
Off Late — Indicates that the BSD warning deactivated after the allowable criteria.
POV - Indicates that the value for the Principal Other Vehicle was out of bounds.
SV - Indicates that the value for the Subject Vehicle was out of bounds.

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

Examples of time history plots for the Straight Lane Converge/Diverge and Straight Lane Pass-by are shown in
Figures D1 through D4. These show examples of passing and failing runs for both test types. Time history data plots
for the tests of the vehicle under consideration herein are provided beginning with Figure D5.
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Figure D6. BSD Run 51, Straight Lane Converge/Diverge
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Figure D7. BSD Run 52, Straight Lane Converge/Diverge
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Figure D8. BSD Run 56, Straight Lane Converge/Diverge
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Figure D9. BSD Run 57, Straight Lane Converge/Diverge
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Figure D10. BSD Run 58, Straight Lane Converge/Diverge
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Figure D11. BSD Run 59, Straight Lane Converge/Diverge
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Figure D12. BSD Run 75, Straight Lane Converge/Diverge
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Figure D15. BSD Run 78, Straight Lane Converge/Diverge
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Figure D16. BSD Run 80, Straight Lane Converge/Diverge
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Figure D17. BSD Run 82, Straight Lane Converge/Diverge
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Figure D18. BSD Run 95, Straight Lane Converge/Diverge
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Figure D19.

BSD Run 5, Straight Lane Pass-by, SV 45 mph, POV 50 mph
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Figure D20. BSD Run 6, Straight Lane Pass-by, SV 45 mph, POV 50 mph
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Figure D21. BSD Run 8, Straight Lane Pass-by, SV 45 mph, POV 50 mph
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Figure D22. BSD Run 10, Straight Lane Pass-by, SV 45 mph, POV 50 mph
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Figure D23.

BSD Run 11, Straight Lane Pass-by, SV 45 mph, POV 50 mph
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Figure D24. BSD Run 12, Straight Lane Pass-by, SV 45 mph, POV 50 mph
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Figure D25. BSD Run 97, Straight Lane Pass-by, SV 45 mph, POV 50 mph
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Figure D26. BSD Run 98, Straight Lane Pass-by, SV 45 mph, POV 50 mph
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Figure D27.

BSD Run 100, Straight Lane Pass-by, SV 45 mph, POV 50 mph
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Figure D28. BSD Run 101, Straight Lane Pass-by, SV 45 mph, POV 50 mph
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Figure D29. BSD Run 102, Straight Lane Pass-by, SV 45 mph, POV 50 mph
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Figure D30. BSD Run 103, Straight Lane Pass-by, SV 45 mph, POV 50 mph
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Figure D31. BSD Run 104, Straight Lane Pass-by, SV 45 mph, POV 50 mph
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Figure D32. BSD Run 13, Straight Lane Pass-b

y, SV 45 mph, POV 55 mph
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Figure D33. BSD Run 14, Straight Lane Pass-by, SV 45 mph, POV 55 mph
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Figure D34. BSD Run 15, Straight Lane Pass-by, SV 45 mph, POV 55 mph
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Figure D35. BSD Run 16, Straight Lane Pass-by, SV 45 mph, POV 55 mph
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Figure D36. BSD Run 18, Straight Lane Pass-by, SV 45 mph, POV 55 mph
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Figure D37.

BSD Run 19, Straight Lane Pass-by, SV 45 mph, POV 55 mph
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Figure D38. BSD Run 20, Straight Lane Pass-by, SV 45 mph, POV 55 mph
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BSD Test: Right Side Straight Lane Pass-by 45/55
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Figure D39. BSD Run 21, Straight Lane Pass-by, SV 45 mph, POV 55 mph
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Figure D40. BSD Run 105, Straight Lane Pass-by, SV 45 mph, POV 55 mph
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Figure D41. BSD Run 106, Straight Lane Pass-by, SV 45 mph, POV 55 mph
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BSD Test: Left Side Straight Lane Pass-by 45/55
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Figure D42. BSD Run 107, Straight Lane Pass-by, SV 45 mph, POV 55 mph
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Figure D43. BSD Run 108, Straight Lane Pass-by, SV 45 mph, POV 55 mph
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Figure D44. BSD Run 109, Straight Lane Pass-by, SV 45 mph, POV 55 mph
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BSD Test: Left Side Straight Lane Pass-by 45/55
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Figure D45. BSD Run 110, Straight Lane Pass-by, SV 45 mph, POV 55 mph
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Figure D46. BSD Run 111, Straight Lane Pass-by, SV 45 mph, POV 55 mph
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Figure D47. BSD Run 22, Straight Lane Pass-by, SV 45 mph, POV 60 mph
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Figure D48. BSD Run 23, Straight Lane Pass-by, SV 45 mph, POV 60 mph



Headway
(ft)

Lateral

BSD
Warning
=}

o

200f
100f

SV Speed
(mph)
B i
on =~

@D
[ B

POV Speed
(mph)
[#3}
(=}

%]
M o

Yaw Rate

(deg/s)
=

= 1
o [a%]

Distance
(ft)
(4]

BSD Test: Right Side Straight Lane Pass-by 45/60
SonataBSD-024

| |
BSD on margin: 42.6 ft

| |
BSD off margin: 14.1 ft

POV to SV §
SV io POV {

SV

——— e POV [

Rel

5 6
Time (sec)

GPS Fix Tvpe: RTK Fixed

D-56

Figure D49. BSD Run 24, Straight Lane Pass-by, SV 45 mph, POV 60 mph
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Figure D50. BSD Run 25, Straight Lane Pass-by, SV 45 mph, POV 60 mph
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Figure D51. BSD Run 26, Straight Lane Pass-by, SV 45 mph, POV 60 mph
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Figure D52. BSD Run 27, Straight Lane Pass-by, SV 45 mph, POV 60 mph
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Figure D53. BSD Run 28, Straight Lane Pass-by, SV 45 mph, POV 60 mph
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Figure D54. BSD Run 29, Straight Lane Pass-by, SV 45 mph, POV 60 mph
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Figure D55. BSD Run 112, Straight Lane Pass-by, SV 45 mph, POV 60 mph
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Figure D56. BSD Run 113, Straight Lane Pass-by, SV 45 mph, POV 60 mph
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Figure D57. BSD Run 114, Straight Lane Pass-by, SV 45 mph, POV 60 mph
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Figure D58. BSD Run 115, Straight Lane Pass-by, SV 45 mph, POV 60 mph
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Figure D59. BSD Run 116, Straight Lane Pass-by, SV 45 mph, POV 60 mph
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Figure D60. BSD Run 117, Straight Lane Pass-by, SV 45 mph, POV 60 mph
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Figure D61. BSD Run 118, Straight Lane Pass-by, SV 45 mph, POV 60 mph
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Figure D62. BSD Run 30, Straight Lane Pass-by, SV 45 mph, POV 65 mph
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Figure D63. BSD Run 31, Straight Lane Pass-by, SV 45 mph, POV 65 mph
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Figure D64. BSD Run 34, Straight Lane Pass-by, SV 45 mph, POV 65 mph
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Figure D65. BSD Run 37, Straight Lane Pass-by, SV 45 mph, POV 65 mph
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Figure D66. BSD Run 38, Straight Lane Pass-by, SV 45 mph, POV 65 mph
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Figure D67. BSD Run 39, Straight Lane Pass-by, SV 45 mph, POV 65 mph
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Figure D68. BSD Run 119, Straight Lane Pass-by, SV 45 mph, POV 65 mph
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Figure D69. BSD Run 120, Straight Lane Pass-by, SV 45 mph, POV 65 mph
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Figure D70. BSD Run 122, Straight Lane Pass-by, SV 45 mph, POV 65 mph
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Figure D71. BSD Run 123, Straight Lane Pass-by, SV 45 mph, POV 65 mph
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BSD Test: Left Side Straight Lane Pass-by 45/65
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Figure D72. BSD Run 124, Straight Lane Pass-by, SV 45 mph, POV 65 mph
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Figure D73. BSD Run 126, Straight Lane Pass-by, SV 45 mph, POV 65 mph



Lateral
Distance
(ft)

(4]

BSD
Warning
=}

o

200
100

Headway
(ft)

SV Speed
(mph)
B i
on =~

@
-~ W

POV Speed
(mph)
o
4]

(=
TT

BSD Test: Left Side Straight Lane Pass-by 45/65
SonataBSD-127

| |
BSD on margin: 61.9 ft

| | |
BSD off margin: 27.3 ft

——pr

POV to SV |
SV to POV |

e e ———————

sv
POV (|
Rel

Time (sec)

GPS Fix Tvpe: RTK Fixed

D-81

Figure D74. BSD Run 127, Straight Lane Pass-by, SV 45 mph, POV 65 mph
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Figure D75. BSD Run 128, Straight Lane Pass-by, SV 45 mph, POV 65 mph
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