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A. CRASH

Location: San Antonio, Bexar County, Texas
Date: February 24, 2024
Time: 9:48 p.m. CST

B. VEHICLE AUTOMATION GROUP

Group Chair Ensar Becic
National Transportation Safety Board
Washington, DC

Group Member John Humm
National Transportation Safety Board
Washington, DC

Group Member Bob Squire
National Transportation Safety Board
Washington, DC

Group Member Tom Single
Party representative
Ford Motor Company

C. CRASH SUMMARY

For a summary of the crash, refer to the Factual Report of Investigation, which
can be found in the docket for this investigation (HWY24FH006).

D. DETAILS OF THE INVESTIGATION

This crash involved two vehicles: a 2022 Ford Mach-E, an all-electric vehicle, and
a 1999 Honda CR-V. The Honda was stopped in the center lane of the eastbound
Interstate 10 (I-10) and the Ford was traveling in the center lane when it approached
and struck the stopped Honda.

The Vehicle Automation factual group chair report focuses on the operation of
2022 Ford Mach-E and the extent to which it operated or was assisted by vehicle
automation.

1.0 Vehicle Automation and Data Summary

Some of the information in this report is obtained from Ford's existing
documentation, including the recorded data, vehicle owner's manual, and from direct
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written and spoken communication with Ford representatives. The design, operations,
and functionality of the various systems described in this report are specific to the
Mach-E model year involved in this crash (model year 2022). The functionality of these
components may differ in later model vehicles.

This report is organized in the following way:

e Section 1.1 provides a general overview of the crash-involved Mach-E and
lists the advanced driver assistance systems (ADAS) equipped on the
vehicle

e Section 1.2 describes the vehicle's sensor systems, object detection and
path prediction process, and provides an overview of in-vehicle data
recording modules and telematic data sources

e Section 1.3 provides a functional description of relevant ADAS equipped
on the vehicle

e Section 1.4 describes data recovery process and provides crash-related
information from all data recording sources, including basic vehicle
parameters and ADAS-related data

e Section 1.5 describes Ford's crash notification process and the required
reporting to the National Highway Traffic Safety Administration

e Section 1.6 provides a summary of ADAS-related changes on later model
years of the Ford Mach-E

1.1 Vehicle Overview

1.1.1 General Information

The Ford involved in this crash was a 2022 Mach-E, Premium trim, an all-electric
rear-wheel-drive sports utility vehicle with a 91-kWh extended battery. The vehicle’s
odometer on the day of the crash read 11,970 miles. It was equipped with the optional
Pilot 360 Active 2.0 system, a suite of advanced driver assistance systems (ADAS),
including those providing partial automation capabilities that Ford refers to as
BlueCruise.” The basic function of an ADAS is to assist a driver in the performance of a
driving task.

At the time of the crash, the Mach-E was operating BlueCruise version 1.0, with
hardware version ML3T-14H107-FCC and software/firmware version ML3T-14H102-
ABS. According to Ford, this was the factory-installed software. BlueCruise updates are
further discussed in section 1.6. The vehicle had an active BlueCruise subscription,

! According to SAE International, a partial driving automation system (Level 2) provides lateral (steering)

and longitudinal (acceleration/ deceleration) control, while the driver is responsible for monitoring the

environment, including detecting hazards and automation failures. For more information, see the J3016
202104 standard.

VEHICLE AUTOMATION HWY24FH006
GROUP CHAIR'S FACTUAL REPORT PG 6 OF 47


https://www.sae.org/standards/content/j3016_202104/
https://www.sae.org/standards/content/j3016_202104/

which is required for the system's operation.2 The BlueCruise operation was paired with
camera-based driver monitoring, and its capabilities included hands-free operation on
certain sections of limited access roadways.

This report examines the functionality of the Mach-E's ADAS, including their
engagement during the crash, design capabilities, and operational characteristics
relevant to the crash. The ADAS functions are enabled by various sensors that collect
data about the environment and components that analyze this information to alert the
driver or actively control the vehicle.

Of the 19 Ford vehicle models for model year 2022, 5 were equipped with a
suite of driver assist technologies enabling BlueCruise operation. For model year 2024,
7 Ford vehicle models are equipped with BlueCruise capabilities.

1.1.2 List of ADAS on the Crash-Involved Mach-E

The crash-involved Mach-E came equipped with several standard ADAS
features and the optional Ford Co-Pilot 360 Active 2.0 package (described earlier),
which included BlueCruise functionality. When describing various systems, this report
primarily relies on Ford's system names, with a few exceptions where industry standard
terminology is preferred, which are noted. The vehicle's ADAS and other
safety/convenience features—most of which can be enabled through either the steering
wheel controls or the infotainment console—included:

Speed limit assist

Forward collision avoidance and mitigation systems?
o Forward collision warning (FCW)#
o Automatic emergency braking (AEB)
o Evasive steering assist

Adaptive cruise control (ACC) and combinations
o Functions independently or integrates with:
* Intelligent ACC (also referred to as Intelligent Speed Assist)
* Lane centering, providing partial automation capabilities
(BlueCruise functionality)

Lane keeping assistance systems?®

2The vehicle was purchased new by the owner (the crash-involved Mach-E driver) and came with a free
three-year subscription to BlueCruise.

3 Forward collision avoidance and mitigation systems are an industry term for technologies designed to
prevent and mitigate rear-end crashes. Since automakers typically name and market these systems
under various proprietary names, the use of industry terminology establishes a common nomenclature.
Ford refers to its suite of rear-end crash mitigation technologies as Pre-Collision Assist.

4 Ford refers to this component only as Alert.

> The lane keeping assistance systems is an umbrella term capturing Ford's specific systems that provide
different types of lane assistance functionality.
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o Lane keeping system (operates independently or with ACC)
o Lane centering (requires activation of ACC, so it can be engaged only as
part of partial automation capability)

e BlueCruise
o Hands-required mode
o Hands-free mode
o Driver monitoring system (integrated with both BlueCruise modes)

e Additional ADAS features®
o Driver alertness
o Blind spot detection
o Cross-traffic alert

1.2 Sensors, Object Detection, and Data Recording Sources
1.2.1 Sensor Systems

The crash-involved Mach-E was equipped with multiple sensor systems—sensors
and hardware/ software that analyzes sensor signals—that monitor the environment and
interpret the collected data. The sensors' capabilities described in the following
sections reflect their optimal performance under ideal environmental and traffic
conditions.

1.2.1.1 Radar System

The vehicle was equipped with five radar units: one mid-range and four short-
range sensors.” Three radars were positioned behind the front fascia (the mid-range
radar in the center and two angled short-range radars in the corners), while the
remaining two short-range radars were installed in the corners behind the rear
bumper. The forward radars scanned a cone-shaped region ahead (center radar) and
diagonally (corner radars) of the vehicle, with the center mid-range radar covering a
+/- 45-degree horizontal field of view and a maximum range of approximately 200
meters under ideal conditions, which is reduced when installed on a vehicle and
operated on roadways. The short-range radars provided a wider 75-degree field of
view but with a shorter maximum range of 83 meters.

The radar system performed initial data analysis onboard. Elsewhere in this
report, the radar system is also referred to as the ADAS processing unit.

¢ For a description of these systems, see the vehicle owner’'s manual. None of these three ADAS were a
factor in this crash. The driver alertness system can be used only during manual or ACC-only driving, as
the driver’s alertness is based on measuring the variability in lane keeping during manual steering.

" The radar system operates using super high frequency (SHF) radio waves, defined by the International
Telecommunications Union (ITU) as frequencies between 3 and 30 GHz (1 GHz = 1,000,000,000 cycles
per second). The system's radar transceivers broadcast radio wave impulses and measure their time of
flight upon reflection from nearby objects to calculate distance.
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1.2.1.2 Camera Systems

Forward monitoring. A single forward-facing camera was mounted in the upper
center of the front windshield near the rear-view mirror. This camera system captured
the area ahead of the vehicle with a 52-degree horizontal field of view, with its
maximum range determined by object size and resolution capabilities. The system was
designed to detect lane lines and objects, with operational ranges of up to 200 meters
for vehicles and 70 meters for pedestrians. This camera system is developed by
Mobileye, which interpreted most of the optical data.

Driver monitoring. The vehicle was equipped with a camera-based driver monitoring
system that helps monitor driver eye gaze and head position during BlueCruise
engagement (hands-free or hands-required). The system was manufactured by Magna,
consisting of one driver-facing camera with infrared LEDs which provide the camera
with a light source in dark conditions, and a data processing and recording module
(recording of data and images).

The camera was mounted on top of the steering column (see figures 1 and 2), which
was tilted 28 degrees upward at its foremost setting.?

The vendor's software processed the image data to help determine the driver's gaze
location based on various areas of interest, including the forward roadway. Further
details about this system are available in section 1.3.5.2 of this report.

Driver's doar
ajar

Figure 1. The driver-facing camera, as positioned atop the steering column (orange rectangle). The
infrared LEDs are located at each end of the camera (with the right LED circled in yellow).

8 This measurement reflects the steering column's highest and most extended position on a 2022 Mach-
E. The steering column position on the crash-involve Mach-E was not documented.
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Figure 2. The zoomed-out view of the driver-facing camera. Its location is indicated by blue arrows.
1.2.1.3 Additional Sensor Systems

e Global positioning system (GPS). The vehicle used GPS to determine its
location and identify traveled roads. This positional information was critical for
engagement of hands-free BlueCruise, which is restricted to specific roadways.

e Mapping data. HERE Technologies provided the foundational mapping data.™
This mapping information was essential for certain ADAS functions, including
specific roadways on which hands-free BlueCruise could be engaged." Ford
reported that the Mach-E's map data was the most recent Ford-released HERE
map at the time of the Philadelphia crash.

1.2.2 Object Detection and Path Planning

ADAS processing unit manages the fusion of forward radar data and images
from the forward camera. In response to NHTSA's information request as part of the
agency's own investigation of this crash, Ford provided an explanation of both the
object detection process and the vehicle's subsequent path prediction capabilities: ™

“Front mounted radar and front windshield camera sensor inputs are
combined and fused to establish object tracks. Tracking function includes
measurement and prediction of object motion and physical characteristics
(e.g speed, acceleration, angle, distance, size). Tracked objects are

? Owner consent is required to obtain GPS and other connected vehicle data, as discussed elsewhere in
the report. Ford includes privacy notice on its website.

' The HERE data includes broad elements such as roadway identification to large structure mapping
(e.g., overpasses), as well as smaller and more detailed elements like, roadway geometry and traffic
signs.

' Bluezone-designated highways are certain limited access highways (those with dedicated entrance
and exit ramps) where hands-free BlueCruise could be engaged. See the Hands-free BlueCruise section
for further discussion on this topic.

2 For more information on NHTSA's investigation of this crash, search the agency’s recalls and safety
issues page with Action Number: EA25001.
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classified into object types (car, truck, motorcycle, pedestrian) and motion
status (stationary, moving) to determine eligibility for selection as ACC
targets. Path prediction is based on a combination of road lane markings,
forward traffic directional flow, and subject vehicle speed and yaw rate are
used to predict the ACC forward path. Lane markings are further used to
establish object lane assignment during target selection. Target selection
is made using the information gathered in object tracking and path
prediction, a set of target objects is selected for ACC to use for
determining longitudinal acceleration control requests.”

These object detection and path prediction processes also remain when
ACC operates with Lane Centering, whether during hands-required or hands-
free BlueCruise engagement. Since FCW and AEB function independently of
ACC and BlueCruise, they employ additional object detection and classification
parameters to identify pedestrians, road signs, and structures.

1.2.3 Data Recording Sources

The crash-involved Mach-E was equipped with modules capable of recording
crash-relevant information and ADAS data. The vehicle also had telematic capabilities
for wireless data transmission to Ford servers. Data recovery efforts and interpretation
are discussed in section 1.4 (detailed description by data source) of this report. None
of these data recording modules were designed to record information regarding
vehicle headlight status, including high beam activation.™

In-vehicle. The following are in-vehicle modules capable of recording vehicle
dynamics and ADAS information and data:

e Airbag Control Module (ACM):™ Controls the deployment of the vehicle's
passive or supplemental restraint systems (seat belt pretensioners and airbags)
by monitoring changes to vehicle dynamics. When the deployment threshold is
reached, it triggers the recording of various vehicle parameters and prepares
the vehicle's restraint systems for possible activation.

e Image Processing Module A (IPMA): A primary module processing and
recording BlueCruise and other ADAS information. Recording is triggered by:
ACM activation, sudden deceleration by the driver, or an AEB engagement. This
module is located behind a panel in the left side wall of the trunk.

e Camera Module Rear (CMR): A module processing and recording primarily
driver eye gaze and head position data as part of driver monitoring system
functionality. Data is recorded only during BlueCruise engagement (hands-free
or hands-required), and is triggered by ACM activation, sudden deceleration by

3 Investigators made inquiries about the ability of the system to record headlight status and high beam
activation considering the driver’s potential ability to see the stationary vehicles.
4 Ford identifies the ACM as a restraint control module (RCM).
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the driver, or an AEB engagement. This module is located behind a panel to the
left and below the steering wheel.

Telematic Data.”® The vehicle also had limited telematic capabilities for wireless data
transmission to Ford servers. The vehicle participated in two separate proprietary data
collection initiatives that capture and transmit information from the vehicle to Ford
servers, subject to vehicle owner consent.’® This data is collected only during
BlueCruise engagement (hands-free or hands-required):"”

e Proprietary data collection initiative 1: Periodic transmission of certain
BlueCruise and other ADAS signals, along with limited vehicle dynamics
parameters, sent over the vehicle’s onboard cellular or Wi-Fi networks.

e Proprietary data collection initiative 2: Trigger-based snapshot transmission of
DMS-related data when specific variables change (e.g., driver attention alerts).

Neither proprietary data collection initiative program is triggered by ACM activation
nor captures ACM crash indicator variables (i.e., detection of a crash).

Data from both these telematic data collection initiatives was transmitted through the
vehicle’s own Wi-Fi/ cellular connection. While this data collection is conducted
independently of the vehicle owner’s BlueCruise subscription, it still requires owner's
consent, as described earlier. Further description of these collection initiatives and the
collected data that Ford provided to the NTSB is included in section 1.4 of this report.

Other sources. Vehicle's SYNC module controls the infotainment console, the primary
hub of driver's interaction with vehicle’s systems (e.g., temperature regulation). The
SYNC module also controls the vehicle's automatic crash notification system, the 911
Assist. Data recovery efforts from this module are also discussed in section 1.4 of this
report.

1.3 Functional Description of BlueCruise and Other ADAS
1.3.1 Speed Limit Assist

The Speed Limit Assist (Ford's name) system displays the current detected
posted speed limit in the instrument panel (dashboard) and provides a visual alert

> Within the automobile industry, telematic data refers to information transmitted, collected, or stored
by a vehicle's onboard systems that can be transmitted over wireless/cellular networks.

¢ Vehicle owners must initially consent to share telematic data with Ford to activate BlueCruise. While
owners could later opt out of data sharing with Ford after the first activation of BlueCruise, this would
not affect their continued access to BlueCruise functionality.

7 Bluezone-designated highways are certain limited access highways (those with dedicated entrance
and exit ramps) where hands-free BlueCruise could be engaged. Hands-free BlueCruise equipped
vehicles include high-definition mapping of these Bluezone roadways, provided by HERE.
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when the driver exceeds the limit (see figure 3). Ford refers to the system that only
displays the current detected posted speed limit as Speed Sign Recognition.®

Operational design. The system is factory-set to "Off." A driver can activate the system
at vehicle start-up or any other point, and the driver's last selection persists until
manually changed.

This is a passive warning system that does not actively intervene to control
vehicle speed. The system is designed to function on any road with speed limit
signage. If activated at start-up, the system operates in all driving modes (manual
driving, with only ACC engaged, or with BlueCruise engaged).

The system allows drivers to set an alert tolerance between 0 and 5 mph above
the posted limit. When vehicle speed exceeds the speed limit plus the selected
tolerance, the system issues a visual alert (a flashing speed sign). The alert system resets
once vehicle speed drops below this warning threshold.

By design, the speed assist system does not record its operational status or alert
history.

SPEED
LIMIT

60

L
READY - 5769.3 mi

Figure 3. Depiction of engaged speed limit assist as presented in the instrument panel (circled in
yellow). Source: Ford

Involved sensor systems. The system uses the forward-facing camera system to read
speed limit signs and the vehicle's mapping data to determine posted speed limits.
When discrepancies occur between these two sources, the camera system
determination takes precedence.

Limitations, restrictions and warnings. According to the vehicle owner's manual, the
system may not detect all speed signs or may interpret them incorrectly. The manual
outlines several circumstances that can lead to the system displaying incorrect speed
limits, including:

e Outdated map data

'8 Since Speed Sign Recognition system cannot be disengaged by a driver, the current detected posted
speed limit is always displayed in the instrument panel, dependent on the system's ability to detect the
posted speed limit. The speed limit assist system, when enabled, can provide warnings to the driver.
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e Misidentification of speed limits from parallel roads or exit ramps
e Failure to recognize signs that are faded, dirty, or distorted

The system has additional limitations regarding digital displays, such as LED signs on
variable message boards, which it may detect but not reliably interpret. The system
responds to all regulatory speed limit signs, including those in construction zones.
While the system may detect advisory speed limit signs, it defaults to posted speed
limits rather than advisory speed limits when determining warning thresholds.

1.3.2 Forward Collision Avoidance Systems (CAS)

The forward CAS assist a driver in detecting and avoiding forward hazards, including
vehicles, pedestrians, and bicyclists. These capabilities are part of a suite of sub-
systems that Ford refers to as Pre-Collision Assist (FCW, AEB and Evasive Steering
Assist).

The FCW is designed to provide a visual and auditory alerts and the AEB either
engages brakes to mitigate crashes or provides supplemental braking force (i.e., brake
support) when the driver's braking is less than maximum.™

Evasive Steering Assist applies additional steering torque when (1) the system detects
a forward hazard and requests AEB, and (2) the driver turns the steering wheel.

Operational design. The FCW system is always engaged and cannot be deactivated by
the driver. While AEB default state is "On," drivers can disable it after vehicle start-up;
however, this setting resets to "On" at the next ignition cycle. An icon in the instrument
panel indicates when AEB system is disabled. Disabling AEB automatically deactivates
Evasive Steering Assist.

The vehicle owner’'s manual states that the FCW and AEB systems are designed
to operate at speeds above 3 mph, with different maximum speed thresholds: vehicle
detection functions up to the Mach-E's maximum speed (moving or stationary
vehicles), while pedestrian and bicyclist detection works up to 50 mph.

During NTSB meetings with Ford staff regarding AEB response to stationary
targets in conditions similar to this crash, they offered their assessment of current AEB
technology limitations. Ford representatives stated: “Based on the functional
limitations of the industry's sensing technologies, coupled with the scenario of vehicle
travel speed, nearby vehicle maneuvers & environmental factors, Ford would not
expect the current generation of radar-camera fusion AEB systems to detect and
classify a collision target with enough confidence for the AEB system to respond.”

The FCW is designed to provide a bi-modal warning (visual alert in the
instrument panel and auditory chime) when forward hazard is detected. Drivers can

' Ford refers to the additional braking force functionality as Brake Support.
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select from three timing options for these alerts (low, normal, high), which refer to
earlier (high setting) or later (low setting) presentation of the alert.

AEB is designed to engage when driver does not respond (insufficiently or at all) to a
forward hazard or to provide additional braking force, if driver braking is insufficient
When activated, AEB can decelerate up to the maximum braking force of the vehicle,
dependent on environmental conditions (e.g., available roadway friction). The system
maintains consistent engagement/ operational parameters whether operating in
manual mode, ACC, or BlueCruise.

Involved sensor systems. The system utilizes forward-facing camera and forward radar
systems. AEB activation is based on fusion of data from both camera and radar sensor
systems, while FCW activation on the 2022 Mach-E can be based on either the fusion
of sensor data, or radar-only detection of moving objects.

Limitations, restrictions and warnings. The vehicle owner's manual outlines system
limitations and conditions that may cause degraded performance, including the
following key warnings:

e “Warning: The system may fail or operate with reduced function during cold
and severe weather conditions. Snow, ice, rain, spray and fog can adversely
affect the system.”

e “Warning: The system does not detect vehicles moving in a different
direction or animals. Apply the brakes when necessary. Failure to follow this
instruction could result in the loss of control of your vehicle, personal injury
or death.”

e “Warning: In situations where the vehicle camera has limited detection
capability, this may reduce system performance. These situations include but
are not limited to direct or low sunlight, vehicles at night without tail lights,
unconventional vehicle types, ....”

The vehicle owner's manual contains multiple warnings about system limitations,
including detection challenges for partially obscured pedestrians and bicyclists or
those against complex backgrounds, as well as general warnings about driver
responsibility (see figure 4 for an example). While the Pre-Collision Assist section of the
owner’'s manual (covering FCW and AEB) does not specifically address response to
stationary vehicles, Ford informed NTSB investigators that these systems can detect
stationary vebhicles, though performance may degrade under certain conditions as
previously noted.

2 Throughout the report, verbatim language from the owner's manual regarding system limitations and
warnings is indicated by quotation marks.
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WARNING: The system cannot
help prevent all crashes. Do not rely on
this system to replace driver judgment
and the need to maintain a safedistance
and speed.

Figure 4. Excerpt from the vehicle owner’s manual showing a warning about AEB limitations. Source:
2022 Mach-E vehicle owner's manual.

1.3.3 Adaptive Cruise Control

1.3.3.1 Adaptive Cruise Control: Typical Version

The ACC system helps maintain a driver-set cruise speed and a set following distance
by automatically braking when approaching slower vehicles and accelerating to the set
cruise speed when the path ahead is clear.

The crash-involved Mach-E also offered basic cruise control, which could be
enabled through the infotainment (center console) screen settings.

Operational design. This is an on-demand system that is designed to activate only
when the vehicle speed exceeds 15 mph or when a forward vehicle is detected. The
system can operate on any roadway type. ACC maintains the driver-set cruise speed
when no vehicle is detected ahead. When encountering a slower lead vehicle, ACC
adjusts motor torque to maintain a driver-selected time-based following distance.

Drivers can choose from four following distance settings (1-4), with lower
numbers indicating shorter distances from the vehicle ahead. The selected setting
persists until manually changed. The shortest following distance is approximately 1
second when traveling 60 mph.

The system's maximum deceleration is substantially less than the vehicle's top
braking capability, while meeting the performance standard according to International
Organization for Standardization (ISO) 15622:2018. If the ACC maximum braking
proves insufficient to prevent impact with a slower or stopped vehicle ahead, the
system issues a visual and auditory warning. Without driver intervention (braking or
steering), AEB may activate to avoid or mitigate a crash, unless previously disabled for
that ignition cycle (as described earlier, the AEB’s maximum deceleration is 12 m/s?).

At speeds above 29 m/s (65 mph), the ACC is designed not to respond
(decelerate) to detected stationary vehicles, which are defined as those that have never
been detected as moving by the Mach-E sensors. According to Ford, this operational
design choice was made due to false alarm concerns (when other objects, such as
signs, overpasses, or bridge abutments are misidentified as stationary vehicles) and
the impact of sudden phantom deceleration (braking without cause) on surrounding
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traffic. At higher speeds and longer distances, the sensor limitations become more
prominent, and the risk of false detections and incorrect target selections increases.?’

While this restriction does not apply at speeds below 29 m/s (65 mph), the ACC's
deceleration in response to detected stationary vehicles is still dependent on the
sensors' determination that the detected object is indeed a hazard. Furthermore, the
ACC may not decelerate in response to a detected stationary vehicle during the
vehicle's (i.e., Mach-E's) execution of a high complexity maneuver (such as during a
sudden lane change; the exact response threshold depends on a function of distance,
yaw rate, and speed).

As described earlier, the AEB and FCW systems do not have maximum speed
restrictions for detected stationary vehicles (they may be activated up to the maximum
vehicle speed). However, the activation of these systems for detected stationary
vehicles still depends on the sensors' determination that the detected object is indeed
a hazard, along with the varied activation thresholds.

The ACC can operate in stop-and-go-traffic (following a lead vehicle) and bring the
Mach-E to a complete stop for up to several seconds before automatically resuming
speed when the lead vehicle continues moving or a lead vehicle is no longer
detected.?? Since the stopped lead vehicle in this situation has been previously
detected as moving by the Mach-E sensors, it is considered a moveable stopped
vehicle, not a stationary vehicle as defined above. When ACC is activated, an indicator
appears in the instrument panel (see figure 5).

MPH =
60
60 SPEED
LIMIT
60

L
READY 5769.3 mi

Figure 5. Depiction of engaged ACC as presented in the instrument panel. The shield in front of the
vehicle and telltale green set speed indicate active ACC, and the green 60-mph speed display
indicates the set cruise speed value. Source: Ford

Disengagement. ACC automatically deactivates under certain conditions, including
when (1) driver deactivates the system, (2) the brake pedal is pressed, (3) velocity falls
below 15 mph without the system detecting a forward vehicle, (4) driver’s seat belt is

21 Ford representatives stated: “...at long ranges, which equates to higher speeds, there is a greater
probability of an incorrect target selection. Ford algorithms are developed to balance the risk of false
detections and subsequent unnecessary braking events. Ford believes its consideration of false
detection risks is consistent with the industry.”

22 After a few seconds, the system displays a message: stopped, press resume button, or auto-resume.
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unbuckled and door is opened (but not from unbuckling alone), (5) brake temperature
exceeds limits, or (6) the system or its related subsystems experience a failure.

Interaction with other ADAS. ACC can be activated by the driver even if AEB is disabled.
ACC can be operated alone or in combination with other ADAS, including BlueCruise
(see the sections below). If the speed limit assist system is enabled, it continues
displaying the currently detected speed limit and if necessary alerting the driver,
independent of the ACC cruise speed.

Involved sensor systems. The system utilizes forward-facing camera and radar systems,
with ACC actions based on fusion of data from both camera and radar sensor systems.

Limitations, restrictions and warnings. The system relies on the proper functioning of
the forward camera and the forward radar systems. The vehicle owner's manual
outlines system limitations and conditions that may cause degraded performance,
including the following key warnings:

e “Warning: The system is not a crash warning or avoidance system.”

e “Warning: When following a vehicle that is braking, your vehicle does not
always decelerate quickly enough to avoid a crash without driver
intervention. Apply the brakes when necessary. Failure to follow this
instruction could result in personal injury or death.”

e “Warning: On rare occasions, detection issues can occur due to the road
infrastructures, for example bridges, tunnels and safety barriers. In these
cases, the system may brake late or unexpectedly. At all times, you are
responsible for controlling your vehicle, supervising the system and
intervening, if required.”

e “Warning: Do not use the system in poor visibility, for example fog, heavy
rain, spray or snow.”

The vehicle owner's manual further specifies several situations that can cause detection
errors, including:

e “Warning: The system may not detect stationary or slow moving vehicles
below 6 mph (10 km/h).”

e “Warning: The system only warns of vehicles detected by the radar sensor.
In some cases there may be no warning or a delayed warning. Apply the
brakes when necessary. Failure to follow this instruction could result in
personal injury or death.”

e “When driving on a different line than the vehicle in front” (see figure 6, top
diagram).

o “With vehicles that edge into your lane. The system can only detect these
vehicles once they move fully into your lane” (see figure 6, middle diagram).
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e "There may be issues with the detection of vehicles in front when driving into
and coming out of a bend or curve in the road” (see figure 6, bottom
diagram).

A

Figure 6. Graphical representation of detection error sources, which vary based on traffic and roadway
configurations. Source: 2022 Mach-E vehicle owner’s manual.

While ACC can be activated on any roadway, the owner’'s manual warns of
additional system limitations pertaining to roadway conditions, including:

e “Warning: The sensor may incorrectly track lane markings as other structures
or objects. This can result in a false or missed warning.”

e “Warning: Pay close attention to changing road conditions such as entering
or leaving a highway, on roads with intersections or roundabouts, roads
without visible lanes of travel, roads that are winding, slippery, unpaved, or
steep slopes.”

The vehicle owner's manual identifies conditions that ACC cannot manage, including:

e “Warning: The system does not detect pedestrians or objects in the road.”
e “Warning: The system does not detect oncoming vehicles in the same lane.”
The vehicle owner’'s manual does not specifically state that ACC will not decelerate in

response to detected stationary vehicles at speeds above 29 m/s (65 mph).

1.3.3.2 Intelligent Adaptive Cruise Control

The Intelligent ACC combines the functionality of ACC and speed sign recognition as
well as navigation map data to adjust the cruise set speed to the detected posted
speed limit. As the system detects new speed signs, the set speed updates.
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Operational design. This is an on-demand system. When Intelligent ACC is activated,
an indicator appears in the instrument panel (see figure 7) which shows a vehicle to the
upper left of a speedometer along with the detected speed limit, all in green.

Figure 7. Depiction of engaged Intelligent ACC, as presented in the instrument panel. The green line
above the speed limit sign is the indicator of the engaged system. Source: 2022 Mach-E vehicle
owner’s manual.

The system has a tolerance setting, allowing a driver to set the Intelligent ACC
cruise speed up to 20 mph above (or below) the system-detected posted speed limit,
which is based on the reading of the speed limit sign by the camera system or on the
vehicle’s navigation map data. If drivers switch from Intelligent ACC to ACC and set a
speed above the posted limit, the speed limit assist system (if enabled) continues to
provide visual alert.

By design, none of the data recording sources (vehicle- or telematic-based)
recorded the operational status of the Intelligent ACC system.

Interaction with other ADAS. Intelligent ACC can be activated by the driver even if AEB
is disabled. It can be operated alone or in combination with other ADAS, including
BlueCruise (see the sections below).

Involved sensor systems. The system relies on the forward-facing camera system, the
forward radar system, and the vehicle's mapping data.

Limitations, restrictions, and warnings. System limitations are the same as those that
apply to ACC and the speed limit assist system. The vehicle owner's manual outlines
system limitations and conditions that may cause degraded performance, including
the following key warnings:

e “The system may not detect and read speed limit signs with conditional
information, for example, when a sign is flashing, during specific time ranges,
or when children are present.”

e “Under certain conditions, the system may not adjust the vehicle speed until
after your vehicle passes the speed limit.”
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The vehicle owner's manual identifies conditions that Intelligent ACC cannot manage,
including:

e “Note: The system does not set the vehicle speed to speed limits shown with
a supplementary traffic sign.”

1.3.4 Lane Keeping Assistance

1.3.4.1 Lane Keeping System

Lane keeping system assists a driver in preventing an unintended lane departure
through passive or active assistance.

Operational design. The lane keeping system default state is “On” with passive
assistance (alert only), but the driver's last selection persists until manually changed (if
driver disables the system, it will stay disabled until changed again by the driver).

The system is designed to operate only at speeds above 40 mph, when at least
one lane line is detected, and the appropriate turn signal is not activated. There are no
other roadway-type restrictions beyond these requirements.

The system provides two types of assistance when it detects the vehicle drifting
outside its travel lane (see figure 8 for visual comparison of both assistance types):

e Passive assistance: delivers a bi-modal alert; a haptic alert through the steering
wheel when the vehicle leaves its travel lane, and a visual alert (a telltale changes
from green to red). Drivers can adjust the alert's intensity level.

e Active assistance: applies subtle steering input to guide the vehicle back into its
lane when approaching lane edges. A visual alert (a telltale change from green
to yellow) is provided during this active assistance.

Drivers can choose to enable passive assistance, active assistance, or both in
combination.

By design, the lane keeping system does not record its operational status or
whether it had provided assistance.

Involved sensor systems. Relies on the forward-facing camera system to detect lane
markings.
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The lane keeplng system detects a lane
departure and provides ald when the
vehicles enters B and applies the
additional alert warning If A Is entered.

Figure 8. A graphical representation showing the timing and location of the assistance by the lane
keeping system. Source: 2022 Mach-E vehicle owner’s manual.

Limitations, restrictions, and warnings. The system relies on the proper functioning of
the camera system and detectable lane markings. The vehicle owner's manual outlines
system limitations and conditions that may cause degraded performance, including
the following key warnings:

e “Warning: The sensor may incorrectly track lane markings as other structures
or objects. This can result in a false or missed warning.”

e “Warning: The system will not operate if the sensor cannot track the road lane
markings.”

e “Warning: Large contrasts in outside lighting can limit sensor performance.”

The vehicle owner's manual includes numerous additional warnings, that system
performance may be compromised under various conditions, including high winds,
uneven road surfaces, narrow lanes, incorrect tire pressure, and inclement weather.

1.3.4.2 Lane Centering

Lane centering system provides automated lane keeping to keep the vehicle in
the center of the travel lane by applying continuous steering torque to maintain the
vehicle in the center of its travel lane. The system requires ACC activation to function,
it cannot be engaged without ACC. As such, the functionality of lane centering system
is discussed within the context of BlueCruise functionality in the next section.

1.3.5 BlueCruise

The BlueCruise system combines the functionalities of ACC (standard or
Intelligent) and lane centering systems. Their combined functionality creates a partial
automation system (or Level 2 ADAS) which, according to the SAE International
definition, provides lateral (steering) and longitudinal (acceleration/ deceleration)
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control, while the driver is responsible for monitoring the environment, including
detecting hazards and automation failures.?

When ACC and lane centering systems are engaged, the integrated systems are
designed to:

e Monitor the environment on the traveling path,

o Keep the vehicle centered in its travel lane (unless changing lane or applying
lane biasing, discussed in section 1.6)

e Maintain set cruise speed (which may vary with Intelligent ACC engagement)

e Adjusting speed to maintain predetermined following distance behind
slower moving lead vehicle.

e Apply brakes when detecting certain obstacles ahead, including slower
moving or stopped vehicles (with the previously described limitation
pertaining to stationary vehicles)

This partial automation functionality diverges into two applications, each with
separate activation protocols and requirements for continued engagement:

e Hands-required mode requiring driver's hands on the steering wheel,
e Hands-free mode allowing operation without steering wheel contact.

Both BlueCruise modes automatically activate the driver monitoring system
(DMS). A graphical icon in the instrument panel indicates BlueCruise availability status
with green brackets at its sides and text indicating its readiness (see figure 9). As
discussed earlier, the functionality and operational characteristics of BlueCruise and
other ADAS described in this section apply to the versions of those systems installed
on the crash-involved Mach-E.

BlueCruise

- MPH
available o P
60 &

to activate
L
5769.3 mi

Figure 9. Depiction of the Mach-E instrument panel showing BlueCruise availability and readiness for
engagement. Source: Ford

2 For more information, see the J3016 202104 standard. Partial automation may also be referred to as
L2 system in this report.
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1.3.5.1 Hands-Required BlueCruise

Operational design. This is an on-demand system that requires two sequential steps
for engagement: first, activating ACC (or Intelligent ACC), and then activating the lane
centering system under specific conditions.?

Beyond requiring ACC activation, among other prerequisites, hands-required
BlueCruise can be activated only when the system detects driver-applied steering
wheel torque, the vehicle is centered in its travel lane, and both lane markings (left and
right) are visible.

The maximum speed at which hands-required BlueCruise can operate is 113
mph. The maximum deceleration limit when traveling above 45 mph is the same as for
the ACC system. The operational parameters pertaining to travel lane width and road
curve radius are within those roadway metrics in the area of the crash.

The continued operation of the system requires a driver to maintain hand(s) on the
steering wheel and that the driver monitoring system (DMS) detects driver gaze
directed toward the forward roadway. While there are no restrictions on the types of
roadways on which the hands-required BlueCruise can be activated, visible lane
markings are still necessary. See figure 10 for depiction of the graphical icons
presented on the instrument panel after lane centering engagement for hands-
required BlueCruise application.

MPH 2y 60
60 SPEED
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o L
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Figure 10. Depiction of the Mach-E instrument panel showing engaged lane centering. The blue
steering wheel icon with hands indicates active hands-required BlueCruise. Source: Ford

Involved sensor systems. The system utilizes a forward-facing camera to detect lane
markings, read speed limit signs, and, in conjunction with forward radar, detect
vehicles. While both camera readings and vehicle mapping data provide speed limit
information, camera data takes precedence when discrepancies occur. The system also
monitors the driver’s physical interaction with the steering wheel (as driver-applied

24 The vehicle owner’s manual also refers to the hands-required BlueCruise as Lane Centering Assist
system. To reduce potential confusion, this report uses hands-required BlueCruise term only. While the
vehicle owner’'s manual provides different pathways for engaging Lane Centering and hands-required
BlueCruise, their functionality is identical.
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torque) as a mechanism for helping ensure driver's adherence to system’s hands-on
requirements.

The system also uses DMS to help monitor driver gaze and head position as a
mechanism for ensuring adherence to the requirement to observe the forward
roadway.

Interaction with AEB and other ADAS. Hands-required BlueCruise requires only
standard ACC (not Intelligent ACC) for activation and can be engaged even if AEB is
disabled. If Intelligent ACC is active, the speed tolerance setting would limit the
maximum cruise speed during hands-required BlueCruise operation (to the sum of
speed limit and the maximum permissible tolerance of Intelligent ACC, which is 20
mph).

System disengagement. Hands-required BlueCruise can disengage due to both driver
actions and system limitations. Any condition that disengages ACC will also disengage
hands-required BlueCruise. For continuous operation, the system requires detection
of driver’s interaction with the steering wheel (torque detection) and forward-focused
gaze. If no steering wheel torque is detected, the system issues progressive alerts
requesting hand placement on the wheel. Similarly, when driver gaze moves away from
the forward roadway for a specific time, the system provides a series of alerts
prompting the driver to reorient their attention forward (as discussed in hands-free
BlueCruise section).

Torque-detection disengagement. The following is the progression of alerts
when driver-applied steering wheel torque is not detected (see figure 11 for alert
examples):

o Firstalert after 15 seconds

o Alert type: visual only alert presented on the instrument panel “Keep
Hands on the Steering Wheel”

e Second alert timing is dependent on vehicle speed?
o When traveling between 10 km/h (6.2 mph) and 60 km/h (37.2 mph)
o Earlier when traveling >= 60 km/h (37.2 mph) or less than 10 km/h

o Alert type: bi-modal visual, presenting on the instrumental panel
(“"Keep Hands on the Steering Wheel”) and auditory (a single tone)

e System intervention / slowdown phase is dependent on vehicle speed
o When traveling between 10 km/h and 60 km/h
o Earlier when traveling >= 60 km/h or less than 10 km/h

o Alert/ intervention

% To avoid contributing to potential system misuse and driver disengagement, this report does not
specify the timing of the alert sequence, except where necessary for describing the events of this crash.
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» Active intervention: Braking to 10 km/h if lane lines are visible,
or to a complete stop if they are not

»= Bi-modal alert: (1) visual alert, presented on the instrument
panel showing “Resume Control”, and (2) auditory alert, as a
continuous tone.

For details about the alert progression when driver gaze is detected away from
the forward roadway, see the discussion about DMS operation within hands-free
BlueCruise in section 1.3.5.2.

In BlueCruise version 1.0, Hands-required BlueCruise cannot be reactivated
during the same ignition cycle if the system enters the slowdown / system intervention
phase twice (slowdown due to driver-applied steering wheel torque not being
detected). For changes in updated BlueCruise versions, see section 1.6.

Keep Hands on Keep Hands on

Steering Wheel Steering Wheel Resume

control

Figure 11. Visual alerts displayed on the instrument panel for hands-off driving during hands-required
BlueCruise operation. Shown from left to right: first alert, second alert, and slowdown phase alert.
Source: Ford

System-limitation disengagement. Furthermore, the system may also disengage
due to external conditions such as lanes becoming too wide or narrow, undetectable
lane markings, or intersecting lane lines. These disengagements are due to sudden/
abrupt environmental changes, without a prior gradual warning, and are accompanied
by an auditory alert and a visual warning ("Resume Control”).

Limitations, restrictions, and warnings. The system relies on the proper functioning of
the forward-camera and the forward radar systems. The performance is affected by the
same conditions that affect the performance of the lane departure prevention system
and ACC. The vehicle owner’'s manual includes a requirement regarding driver's
behavior, stating “You must keep your hands on the steering wheel at all times.”

The vehicle owner's manual outlines system limitations and conditions that may
cause degraded performance, including the situations (in which):

e “When modifications to the steering system have been made.”

e ‘“Limited steering torque input is applied.”
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e “The system does not detect at least one lane marking or when lanes merge
or split.”

e "Areas under construction or new infrastructure.”

e “Note: The driving assistance torque is limited and may not be sufficient for
all driving situations such as driving through tight curves or driving through
curves at high speeds.”

Hands-required BlueCruise functionality in work zones is dependent on the
same parameters that apply to regular roadways, including requirements for lane width
and roadway curvature. While work zones themselves don't trigger system
disengagement or restrict availability, associated characteristics like lane closures or
narrowing typically would. Speed limit reductions in work zones—such as from 55 mph
to 45 mph-without any lane restrictions would not affect system operation or
availability unless Intelligent ACC is engaged, in which case the cruise speed would
adjust accordingly.

1.3.5.2 Hands-Free BlueCruise

Operational design. This is an on-demand system that requires two sequential steps
for engagement: first, activating ACC (or Intelligent ACC), and then activating the lane
centering system under specific conditions, beyond those required for hands-required
BlueCruise.

Beyond requiring ACC engagement, among other prerequisites, hands-free
BlueCruise can be activated only when: the driver's hands are detected on the steering
wheel, the DMS detects driver gaze directed toward the forward roadway, lane
markings are visible on both sides (left and right), the vehicle is centered in its travel
lane, and the vehicle is traveling on a Bluezone-designated limited access highways.?
Determination by DMS that driver's gaze directed toward the forward roadway is
required both for initial activation and continued operation.

The system enforces roadway restrictions by preventing hands-free BlueCruise
activation outside designated Bluezone routes. The area of I-10 where the crash
occurred is a Bluezone-designated roadway. A map of eligible roadways in the San
Antonio area is shown in Figure 12. At the time of the San Antonio crash, the Mach-E's
map data was the most recent Ford-released HERE map.

2 Bluezone-designated highways are certain limited access highways (those with dedicated entrance
and exit ramps) where hands-free BlueCruise could be engaged. Hands-free BlueCruise equipped
vehicles include mapping of these Bluezone roadways, provided by HERE.

VEHICLE AUTOMATION HWY24FH006
GROUP CHAIR'S FACTUAL REPORT PG 27 OF 47



®

Cibolo

Schertz

Converse

[T o™

- -
] ‘ St Hedv

‘Crash location \

gh Ormy

=

Figure 12. Depiction of San Antonio area roadways where hands-free BlueCruise can be engaged.
Source: Ford's BlueCruise map webpage with NTSB annotations.

The required minimum travel lane width is the same as for hands-required
BlueCruise, and the required road curve radius is no less than 600 meters (1,968 feet).
Hands-free BlueCruise can operate at maximum speed of 80 mph. When drivers
manually accelerate above 80 mph while in hands-free BlueCruise, the system
automatically switches to hands-required BlueCruise. In both modes, the system'’s
maximum deceleration is the same as for the ACC system.

See figure 13 for depiction of the instrument panel during hands-free BlueCruise
engagement.

MPH
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Figure 13. Depiction of the Mach-E instrument panel showing engaged hands-free BlueCruise. The
instrument cluster background and relevant icons appear in blue. The icons for driver hands are not on
the steering wheel. Source: Ford
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Involved sensor systems. The system utilizes a forward-facing camera to detect lane
markings, read speed limit signs, and, in conjunction with forward radar, detect
vehicles. While camera readings, GPS, and vehicle mapping data provide speed limit
information, camera data takes precedence when discrepancies occur.

The system also uses DMS to help monitor driver gaze as a mechanism for
ensuring adherence to the requirement to look at the forward roadway.

Interaction with AEB and other ADAS. Hands-free BlueCruise can be activated with AEB
disabled and requires only basic ACC for activation. If Intelligent ACC is active, the
speed tolerance settings would limit the maximum cruise speed of hands-free
BlueCruise.

DMS functionality. The DMS monitors the driver's gaze and head position to help
determine gaze direction and provides a sequence of alerts when it detects driver
distraction.? The system defines distraction as looking away from the forward roadway
continuously for more than 5 seconds. Ford has created several zones of interest to
identify areas (inside and outside the vehicle) of driver gaze and determine where the
driver has likely oriented their attention. These zones include: the front windshield (left,
right; front windshield indicates forward roadway), infotainment console (high center
stack, low center stack), instrument cluster, left front window, right front window, and
other areas, such as footwells.

The DMS collects information about perceived zones of driver gaze and gaze
duration at a recording frequency of 5 Hz. When the system detects driver distraction
(as defined above), it provides an initial alert to direct attention back to the forward
roadway. The alert type depends on which gaze zone the driver is fixating. If the driver
is looking at the instrument cluster zone when the distraction threshold is reached (after
continuous 5 seconds of eyes off the forward roadway), the DMS provides a visual alert
in the instrument cluster (see figure 14, left image for an example). If the driver's gaze
is fixed on any other zone away from the forward roadway, the system provides a bi-
modal alert: a visual warning in the instrument cluster and an auditory chime.

The following alert progression occurs if the DMS does not detect driver's gaze
directed to forward roadway for specific time duration (as an accumulated gaze off
road). This applies to both hands-required and hands-free BlueCruise modes (see
figure 14 for visual alert examples):

e Firstalert- after 5 seconds:

o Alerttype (depends on the DMS-identified gaze zone):

= Visual only: “Watch the Road in the instrument cluster”, OR

27 DMS on the Mach-E is designed only to detect distraction. It is not designed by Ford to detect
drowsiness or impairment. A separate ADAS (Driver Alert System) is designed to detect drowsiness and
lack of alertness, but only during manual steering of the vehicle. The vehicle owner's manual contains
several warnings recommending "against the use of any hand-held device while driving."
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» Bi-modal: visual ("Watch the Road”) and auditory (a single tone)
o Required driver action: Return gaze to forward roadway

o Ifdriver complies: Hands-free (or hands-required) BlueCruise remains
enabled

e Second alert - after 8 seconds (only occurs if first alert was visual-only):

o Bi-modal alert: Visual (“Watch the Road”) and auditory (single tone)
o Required driver action: Return gaze to forward roadway

» If driver complies: Hands-free BlueCruise remains enabled
e Third alert?

o Bi-modal alert: Visual (“Resume Control”) and auditory (continuous
tone)

o Required driver action: Return gaze to forward roadway and place
hands on the steering wheel to resume control of the vehicle

» |f driver complies: Hands-free (or hands-required) BlueCruise
engagement continues

e Fourth alert

o Tri-modal alert: Haptic (brake pulses, inhibited acceleration), visual
(“Resume Control”), and auditory (continuous tone)

o Required driver action: Return gaze to forward roadway and place
hands on the steering wheel to resume control of the vehicle

» |f driver complies: BlueCruise disengages while ACC remains
active. Driver can re-engage BlueCruise within this ignition
cycle.

e System intervention / slowdown

o Active intervention: Braking to 10 km/h (if no lead vehicle is present)
if lane lines are visible, or to a complete stop if lane lines are not visible

o Bi- modal alert: Visual (“Resume Control”) and auditory (continuous
tone)

o Required driver action: Return gaze to forward roadway, place hands
on the steering wheel, and engage the accelerator pedal to resume
control of the vehicle

» |f driver complies: BlueCruise disengages while ACC remains
active. In BlueCruise version 1.0, drivers could re-engage
BlueCruise during the same ignition cycle, but only after the

2 To avoid contributing to potential system misuse and driver disengagement, this report does not
specify the timing of the gaze-off alert sequence, except where necessary for describing the events of
this crash.

VEHICLE AUTOMATION HWY24FH006
GROUP CHAIR'S FACTUAL REPORT PG 30 OF 47



first slowdown intervention. After the second slowdown
intervention, BlueCruise could not be re-engaged within the
same ignition cycle.

Figure 14. Depiction of visual alerts during hands-free BlueCruise operation, as shown in the
instrument panel. Source: Ford

The DMS gaze monitoring counter resets whenever the system detects the
driver looking at the forward roadway, even for a single gaze observation in most
situations. However, in situations when the first bi-modal alert is issued when a driver
is glancing at distant in-vehicle locations, such as the floor, longer on-road glances are
needed to reset the clock.

Throughout the alert sequence, BlueCruise maintains vehicle control, including
during slowdown. If the driver fails to take control during slowdown, the system will
bring the vehicle to a stop in the travel lane and activate hazard lights.

System disengagement. Hands-free BlueCruise can disengage due to both driver
actions and system limitations. Any condition that disengages ACC will also disengage
hands-free BlueCruise. For continuous hands-free BlueCruise operation, the DMS must
detect the driver looking at the forward roadway, as described in the previous section.

The system permits steering wheel input by the driver, as long as the vehicle remains
within the travel lane. If the driver's steering input causes the vehicle to depart the lane
(including during manual lane change with turn signal activation), hands-free
BlueCruise enters a standby mode and re-engages once the vehicle is centered in the
new travel lane. However, if the steering input keeps the vehicle within the lane, hands-
free BlueCruise remains active throughout.

Hands-free  BlueCruise may automatically disengage (initiate the
disengagement process) due to the same external conditions and system limitations
that affect hands-required BlueCruise. When these conditions occur, the system alerts
the driver with an auditory signal and displays "Resume Control" in the instrument
cluster. The duration of this warning depends on whether the system detects the driver
looking at the forward roadway and holding the steering wheel:
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e (a)if both conditions are detected, the alert ends

e (b) if either condition is not detected, the auditory alert continues until the
driver looks at the forward roadway and places hands on the steering wheel
(DSM detects driver’s gaze toward the forward roadway and driver-applied
steering wheel torque is detected)

If the driver fails to resume control (with proper gaze direction and hands on
wheel), BlueCruise will maintain control only to initiate the slowdown process.

Limitations, restrictions, and warnings. The system relies on the proper functioning of
all sensor systems necessary for its operation. The performance is affected by the same

conditions that affect the performance of the lane departure prevention system and
ACC.

The vehicle owner's manual outlines system limitations and conditions that may cause
degraded performance. While many of these warnings also apply to other ADAS
features, some are specific to hands-free BlueCruise operation, including:

e “Warning: You are responsible for keeping your eyes on the road at all times.
The system is designed to be an aid and does not relieve you of your
responsibility to drive with due care and attention. Failure to follow this
instruction could result in the loss of control of your vehicle, personal injury
or death.”

e “Warning: Obstructions to the driver facing camera or infrared lighting could
prevent the system from properly operating. Keep the camera and lighting
areas free from obstruction.”

e “Warning: The system attempts to keep your vehicle in the center of the lane
as well as maintain speed and gap control. The system may not be able to
perform these tasks in all situations. Do not use the system in complex or
uncertain driving conditions.”

e “Warning: Your vehicle could drift out of the lane of travel. Always be
prepared to manually steer your vehicle.”

The vehicle owner's manual specifies the types of roadways where hands-free
BlueCruise can be engaged, stating:

e “Note: For hands-free mode to work, your vehicle must be on certain
limited access divided freeways.”

e “Note: The system may require updated software for hands-free mode.”

The vehicle owner's manual lists several additional hands-free BlueCruise limitations,
including situations (in which):

e “You are using the system in areas under construction.”
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e “Note: The system has limited steering assistance and may not be
sufficient for all driving situations.”

Hands-free BlueCruise functionality in work zones depends on the same factors that
apply to non-work zones, such as minimum lane width and lane curvature parameters.
The presence of a work zone alone does not disengage or restrict hands-free
BlueCruise, but lane closure or narrowing likely will.

If a work zone has a reduced speed limit (e.g., from 65 mph to 45 mph) but no
lane restrictions, the lower speed limit alone will not disengage or restrict hands-free
BlueCruise. The driver-set cruise speed will remain unless Intelligent ACC is also
engaged.

The vehicle owner's manual outlines DMS limitations and circumstances that
may degrade performance, including when:

e (driver) “You have a pre-existing eye condition, such as an eye
misalignment, or have had eye surgery.”

e (driver) "You cover your facial features by a mask, hat or other items.”
e “The lighting conditions change significantly.”

e (driver) "You are not in the field of view of the camera.”

e (driver) "You position or tilt yourself to one side.”

e (driver) "You are moving around extensively.”

e (driver) "You are wearing glasses or sunglasses that are too dark or
reflective.”

1.4 Mach-E Data Recovery and Summary
1.4.1 ACM

The San Antonio Police Department (SAPD) removed the vehicle's ACM. The
SAPD successfully imaged the ACM and provided the retrieved data to NTSB
investigators. The ACM data showed that the module recorded the crash event. Data
recording is triggered when an established rate of change in acceleration (longitudinal
or lateral) threshold is detected. These thresholds, or wake-up thresholds, are used to
trigger the recording of various vehicle parameters and to prepare the vehicle's
restraint system for possible activation. Some parameters, including various stability
metrics (e.g., lateral and longitudinal acceleration, steering wheel angle), are recorded
at 10 Hz intervals, while others (e.g., speed, accelerator pedal percentage, service
brake status) are recorded at 5 Hz intervals. The ACM is designed to record 5 seconds
of pre-collision data (capturing a broader set of parameters) and 3 seconds of post-
collision crash longitudinal and lateral change in acceleration, and the crash pulse
(delta-V).
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According to this data, the crash occurred in the 26" minute of the vehicle's
current ignition cycle. The ACM started deployment of various airbags between 3 and
11 msec after the wake-up threshold. Data also indicates that the driver was wearing a
seatbelt at the time of the crash. Table 1 depicts several crash-relevant variables from
the ACM-recorded pre-collision data.?” Neither the ACM nor any other recording data
source was designed to record information regarding vehicle headlight status,
including high beam activation.

The ACM longitudinal crash pulse data indicates that the longitudinal
acceleration (vehicle's speed) decreased by 29.8 mph 100 msec after the trigger, with
the max longitudinal delta-V of -34.2 mph, 210 msec after the trigger.

Table 1. Crash-relevant data from the vehicle’s ACM.

Time to * Speed Steering wheel Accelerator Service Brake
crash (mph) angle (degrees) pedal (%)

-5.0 74.6 1.6 0 Off

-4.6 74.7 1.2 0 Off

4.2 74.7 0.5 0 Off

-3.8 74.8 0.4 0 Off

3.4 74.8 -0.1 0 Off

-3.0 74.8 -0.2 0 Off

2.6 74.8 -0.6 0 Off

2.2 74.8 -0.8 0 Off

-1.8 74.8 -1.4 0 Off

-1.4 74.8 -1.4 0 Off

-1.0 74.8 -1.4 0 Off

-0.6 74.8 -1.2 0 Off

-0.2 74.7 -1.1 0 Off

0 74.7 2.7 0 Off

* The minimum speed was 74.6 mph (at -4.8 s), and the maximum was 74.9 mph (at-1.6
s).

The following parameters retained a constant value during the 5-second precrash
sequence:

(1) collision mitigation system enabled = YES;

(2) collision mitigation system fault (AEB system) = NO (not denied);

(3) brake deceleration request = 0;

(4) brake deceleration request enable = NO (no deceleration request).

YFor complete ACM data, see Attachment: Ford Mach-E RCM Imaging Data Report.

VEHICLE AUTOMATION HWY24FH006
GROUP CHAIR'S FACTUAL REPORT PG 34 OF 47



1.4.2 Camera Module Rear (CMR) Data (Driver Gaze Information)

The CMR is an in-vehicle module that processes and captures primarily driver
gaze parameters. As described earlier, data is recorded only during BlueCruise
engagement (hands-free or hands-required), and is triggered by ACM activation,
sudden deceleration by the driver, or an AEB engagement.

The CMR from the crash-involved Mach-E was removed from the vehicle by
NTSB investigators. Acting under NTSB authority, Ford technicians imaged the module
using a non-commercially available tool, decrypted/translated the retrieved data from
the module, and provided it to NTSB investigators.

Downloaded data confirmed that the CMR recorded the crash. As designed, the
module captured 5 seconds of precrash data and 1 second of postcrash data at 5 Hz
intervals. The recorded parameters included information about driver gaze direction
(e.g., eyes on or off the road, specific pre-defined gaze zones), driver-facing camera
system validation, and various vehicle dynamic metrics (e.g., accelerator and brake
pedal status). Table 2 shows crash-relevant data from the CMR module.®* The “Front
Windshield" zone designation indicates that the DMS has determined the driver is
looking at the forward roadway. The “Infotainment” zone designation indicates that the
DMS has determined the driver is looking at the infotainment console (or center stack
console).

As designed, and in consideration of Ford’s privacy principles, the CMR
captured a single driver image 2 seconds before time zero. The image was recorded
as a PNG file with 1280 x 963-pixel resolution at 24 bits per pixel.

Based on this image, the camera was positioned below the driver’'s chin and
angled slightly upward. The image's vertical span extends from just below the driver's
chin to the windshield visor hinge; horizontally, it spans from the left edge of the
driver's seat (the seat it not visible) to the middle of the driver window.

The image shows the driver sitting upright and facing forward, with his head
resting (or nearly resting) on the headrest and slightly rotated to the right. The driver's
left eye appears closed and the right eye partially open. He is wearing glasses. The
driver's hands are not visible in the image. No objects or other obstructions are visible
in the image.

Given that this is a single static image, it may have captured the driver during a
blink. No part of the steering wheel is visible in the image, as Ford’s design intended.*'

30 See Vehicle Automation Attachment - CMR Data.
31 The location of the driver-facing camera is designed such that the steering wheel would not obstruct
the view of the driver.
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Table 2. Crash-relevant data from the vehicle’s CMR module.

Eggéf Steering pinion Brake Pedal Eyes On/ Off DMS-Determined
(sec) angle (degrees) (On / Off) Road Gaze Zone

-5.0 1.3 Driver not braking Eyes off-road Infotainment
-4.8 1.2 Driver not braking Eyes off-road Infotainment
-4.6 0.8 Driver not braking Eyes off-road Infotainment
4.4 0.5 Driver not braking Eyes off-road Infotainment
4.2 0.5 Driver not braking Eyes off-road Infotainment
-4.0 0.4 Driver not braking Eyes off-road Infotainment
-3.8 0.2 Driver not braking Eyes off-road Infotainment
3.6 0 Driver not braking Eyes on-road Front Windshield
34 -0.1 Driver not braking Eyes on-road Front Windshield
-3.2 -0.2 Driver not braking Eyes off-road Infotainment
-3.0 -0.5 Driver not braking Eyes off-road Infotainment
2.8 -0.6 Driver not braking Eyes off-road Infotainment
2.6 -0.7 Driver not braking Eyes off-road Infotainment
2.4 -0.7 Driver not braking Eyes off-road Infotainment
2.2 1.2 Driver not braking Eyes off-road Infotainment
2.0 -1.4 Driver not braking Eyes off-road Infotainment
-1.8 -1.4 Driver not braking Eyes off-road Infotainment
1.6 1.4 Driver not braking Eyes on-road Front Windshield
1.4 1.4 Driver not braking Eyes on-road Front Windshield
-1.2 -1.4 Driver not braking Eyes off-road Infotainment
-1.0 -1.3 Driver not braking Eyes off-road Infotainment
-0.8 1.2 Driver not braking Eyes off-road Infotainment
-0.6 -1.2 Driver not braking Eyes off-road Infotainment
-0.4 -1.2 Driver not braking Eyes off-road Infotainment
0.2 292 Driver not braking Eyes on-road Front Windshield
0 - _
0.2 -92.6 Driver braking Eyes on-road Front Windshield
0.4 -154.1 Driver braking Eyes on-road Front Windshield
0.6 -170.3 Driver braking Eyes on-road Front Windshield
0.8 -155.1 Driver braking Not determine Not Determined
The following parameters remained constant during the 6 seconds of recorded data:

(1) accelerator pedal position percentage = Pedal not pressed;
(2) AEB request status = NO - System not requesting AEB; (3) Cruise Control Status = Active.
(4) Accumulated eyes-off-road time and confidence: Attentive, Confidence = between 3 and 5;
(confidence level ranges from 1 to 5, with level 5 indicating highest confidence, 4 medium high
confidence and 3 medium confidence).
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* Difference in some parameters (e.g., steering angle) compared to ACM values can be
attributed to different recording times. The steering angle value in the CMR is recorded at any
point within a 200 msec period, while the steering angle value in the ACM is recorded at any
point within a 100 msec period.

1.4.3 Image Processing Module A (IPMA) Data (Primary ADAS Module)

This is an in-vehicle module that processes and records various ADAS-related
parameters and captures forward camera images when triggered by specific
conditions (e.g., ACM activation, AEB engagement), as described earlier.

NTSB investigators removed the IPMA from the crash-involved Mach-E. Acting
under NTSB authority, Ford technicians imaged the module, decrypted/translated the
retrieved data from the module, and provided it to NTSB investigators.

Analysis of the retrieved data revealed that while the IPMA had captured four
separate previous events, it failed to record any information related to the current crash
(including ADAS data and images from the forward-facing camera).

Ford suggested that a sudden loss of power necessary for data writing might
explain this recording failure. However, the SAPD postcrash scene photographs and
body camera footage show hazard lights still flashing on the Mach-E.»> The
investigation was unable to determine the specific reason for the IPMA's failure to
record the crash.

Unlike the ACM, whose recording capabilities are mandated by federal
regulation 49 CFR Part 563 (Event Data Recorders), the recording of ADAS-related data
and its associated recording modules is neither required nor regulated for voluntary
implementation by vehicle manufacturers.

1.4.4 Data from Proprietary Data Collection Initiative 2 (Telematic Two)

Telematic Two data program is Ford’'s telematic-based proprietary data
collection initiative program designed to assess specific questions of interest to Ford
engineers for a designated duration. When designed and enabled by Ford, and with
the consent of the vehicle owner, the program collects limited vehicle parameters from
a subset of the vehicle fleet when triggered by certain conditions that match Ford-
designated selection criteria. At the time of the crash, Ford was collecting limited data
regarding DMS operation during hands-free and hands-required BlueCruise
operation. Of the vehicle models that meet the necessary criteria (vehicles equipped
with DMS for this Telematic Two program) Ford collects the limited designated
parameters only from a limited number of randomly selected vehicles (based on their

32 For a description of the lights on the Mach-E postcrash, see the Factual Report of Investigation in the
public docket (HWY24FHO006).
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vehicle identification number). The collected data is anonymized and, as previously
described, requires consent from the vehicle owner.

The recording (transmission) of the Telematic Two dataset was triggered when
DMS-related variables changed state (e.g., DMS issued an alert for the driver to return
gaze to the forward roadway), transmitting a snapshot of a limited set of variables
(values at that specific moment), rather than continuous data transmission over a
period of time. The recorded information included date and time
(hour/minute/second), vehicle speed, odometer value, and parameters related to
driver eye gaze (on-road or off-road) and distraction alert status.

The crash-involved Mach-E was a part of the Telematic Two data program.

The Telematic Two data for the crash-involved Mach-E covered a segment of the
crash trip, beginning at 9:23:20 p.m. (initial datapoint). The last recorded (transmitted)
data point occurred 6 seconds before the crash (based on the crash time recorded by
the CMR module).® Table 3 shows a selection of crash-relevant Telematic Two data
and figure 15 visually depicts transitions between driving modes and location (on- or
off-road) of driver's gaze.

-25min -20min -15min -10min -5min -6sec

Telematic Two Data

Crash Gaze-off
bi-modal

| warnin
o) 9
Hands-free
Hands-required
oY

0ff (manual drive)

Time to Crash

Figure 15. Telematic Two data depicting driving mode transitions and gaze off-road bi-modal
warnings, with the last data point ending 6 seconds before the crash.

3 This report makes an assumption that the Telematic Two data timestamp matches the recorded
timestamp in CMR module.

VEHICLE AUTOMATION HWY24FH006
GROUP CHAIR'S FACTUAL REPORT PG 38 OF 47



Table 3. Crash-relevant data from the Proprietary Data Collection Initiative 2 (Telematic Two) program.

*Ti.me to crash Vehicle Speed **Eyes On/ Off T BBlueCruise State
(min, seconds) (mph) Road
-25m, 6s 0 Initial data point
-20m, 32s 57.8 Eyes off-road None Standby
-20m, 31s 57.8 Eyes off-road None Hands-required
-19m, 35s 57.9 Eyes off-road None Standby
-19m, 24s 58.5 Eyes on-road None Hands-required
-19m, 5s 58.1 Eyes off-road None Standby
-18m, 59s 58.0 Eyes off-road None Hands-required
-18m, 37s 58.6 Eyes on-road None Standby
-17m, 40s 5.0 Not determined None Off
-17m, 34s 21.9 Not determined None Standby
-10m, 55s 61.3 Eyes off-road None Hands-free
-10m, 18s 60.1 Eyes on-road None Hands-required
-10m, 3s 60.1 Eyes on-road None Hands-free
-9m, 45s 60.5 Eyes on-road None Hands-required
-9m, 4s 60.1 Eyes on-road None Standby
-8m, 59s 60.0 Eyes on-road None Hands-required
-8m, 54s 62.4 Eyes on-road None Standby
-7m, 58s 60.0 Eyes on-road None Hands-free
-5m, 51s 62.3 Eyes on-road None Standby
-5m, 49s 63.9 Eyes on-road None Hands-free
-4m, 45s 64.8 Eyes off-road None Standby
-4m, 38s 65.2 Eyes on-road None Hands-required
-3m, 44s 65.5 Eyes on-road None Hands-free
-3m, 7s 65.0 Eyes on-road None Standby
-1m, 6s 70.3 Eyes on-road None Hands-free
-29s 73.5 Eyes off-road TAlert Hands-free
-25s 73.8 Eyes on-road None Hands-free
- 8s 74.5 Eyes off-road Alert Hands-free
- 6s 74.5 Eyes on-road None Hands-free
* This time is based on the recorded timestamp in Telematic Two data and the CMR-recorded
time of the crash (RCM trigger) of 9:48:26 p.m.
** Telematic Two data does not record the specific zone where a driver's gaze is fixated. Instead,
it only records whether the driver is looking at the forward roadway (on-road) or not (off-road).
B Standby indicates that BlueCruise (either hands-required or hands-free) is available to be
activated.
T The first bi-modal warning triggered after 5 (or 8) seconds of driver off-road gaze (as described
in section 1.3.5.2). Telematic Two dataset does not differentiate between different timings of
the bi-modal alert.
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1.4.5 Data from Proprietary Data Collection Initiative 1 (Telematic One)

Telematic One is Ford's telematics-based proprietary data collection initiative
program that captures a broad set of parameters from program-eligible vehicles
traveling on Bluezone roads, designed to support the automaker's ongoing evaluation
and improvement of its BlueCruise system. While initial activation of BlueCruise
requires driver consent to share data (participate in Telematic One and Telematic Two
data programs), vehicle owners can later opt out of data sharing with Ford without
losing access to BlueCruise functionality.

Unlike the Telematic Two data program, which is trigger based, the Telematic
One program captures continuous data (at 1 Hz) when traveling on Bluezone roads
and periodically transmits data packets over cellular or Wi-Fi networks to Ford servers,
depending on wireless signal strength. The captured information includes a broad set
of parameters including vehicle dynamics (e.g., speed, yaw rate, acceleration) and
numerous parameters related to ADAS functionality and its supporting metrics (e.g.,
BlueCruise status, hands-off or eyes-off-road alerts, location, detected roadway
hardware, roadway markings, lane width).

The crash-involved Mach-E was a part of the Telematic One data collection
program.

The Telematic One dataset covers a portion of the crash trip but did not capture
the crash itself. The captured data spans from 9:32:24 p.m. to 9:42:49 p.m., ending
approximately 5.5 minutes before the crash.?* The last captured data prior to the crash
trip ended at approximately 8 p.m. the night before, on February 23. This telematic
program is not designed to capture crash data.

The following is some of the relevant information from the captured Telematic
One data (see figure 16):

e There were several transitions between Hands-Free, Hands-Required,
and Standby modes, including:

o Hands-free mode for about 3 minutes, 14 seconds, and hands-
required mode for about 1 minute

e The system issued two visual-only alerts (presented in the instrument
panel) to keep hands on the steering wheel during Hands-Required
BlueCruise mode:

3 See Vehicle Automation Attachment - Selected Proprietary Data Collection Initiative 1 data.
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o The first alert appeared approximately 10 minutes, 18 seconds
before the crash, and the second alert appeared 9 minutes, 44
seconds before the crash®®

o Both alerts occurred as BlueCruise transitioned from Hands-Free
to Hands-Required mode (see figure 16 for timing of these alerts
and transitions between driving modes, including BlueCruise).

o In both instances, the system detected driver-applied steering
wheel torque within two seconds of the alert's onset.

Telematic One Data

Crash
70 /
60
5 50
é 40
=
-g 30
@ 2 Hands-off
= visual alert
10
0 Hands-free
. Hands-required
16 14 12 10 8 6 /I/ 0

Minutes to Crash

Figure 16. Telematic One (Proprietary Data Collection Initiative 1) data depicting driving mode
transitions, hands-off driving alerts, and Mach-E velocity, covering a portion of the crash trip and
ending approximately 5.5 minutes before the crash.

1.4.6 SYNC

Vehicle's SYNC module controls the infotainment console, the primary hub of
driver's interaction with vehicle’'s systems (e.g., temperature regulation). The SYNC
module also controls the vehicle's automatic crash notification system, the 911 Assist
(when enabled by the driver). The SYNC module may be capable of recording some of
the driver's interactions with the console.

The SAPD removed the SYNC module and sent it to US Secret Service for
imaging and data retrieval, but as of the time of this report, has not received any

¥ The presentation of the alerts is relative to the CMR-recorded crash time of 9:48:26 p.m. However, the
investigation did not attempt to synchronize timestamps from different data sources.
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information regarding the module. Ford stated that they are also unable to image the
module and retrieve data, as this generation SYNC module data is not accessible with
commercially available hardware at the time of the attempted download.

1.5 Crash Notification and NHTSA Reporting

The vehicle was equipped with an automatic crash notification system (which
Ford calls 911 Assist), which, when enabled, automatically places an emergency call to
alert operators of a crash and provide the vehicle's location. For the system to operate,
drivers must first enable it through the infotainment console and pair their phones, as
the system uses the driver's cellphone to report crashes. The factory default setting of
911 Assist is Off. The investigation was unable to determine whether the system was
enabled (see the discussion of SYNC module in the previous section). Examination of
the 911 calls showed that none were made by an automatic crash notification system,
and Ford reported no telematic data from their proprietary data initiative program
related this topic.

Ford learned of this crash on March 8, 2024, from a post on an online forum that
Ford staff monitors.? On March 9, Ford obtained a police report from the San Antonio
Police Department (SAPD) and submitted an incident report to the National Highway
Traffic Safety Administration (NHTSA), as required by the Standing General Order
(SGO) 2021-01.%

SGO 2021-01, issued in July 2021 and amended in April 2023, requires
manufacturers and operators to report to NHTSA crashes and certain events involving
their vehicles equipped with automated driving systems (ADS) or with SAE Level 2
ADAS (referred to as L2 in this report).

The L2 reporting requirement mandates reporting a crash if the L2 system was
in use within 30 seconds of an incident involving:

e avulnerable road user,

o afatality,

e avehicle towaway,

e airbag deployment, and/ or

e transportation of an individual to a hospital.

The SGO specifies reporting timelines for the incidents meeting the reporting
requirements:

e Initial incident report: Within 1 day of learning about such an incident, except as
noted in the third bullet,

3 The post appeared on www.macheforum.com.
37 For details about SGO 2021-01, refer to the NHTSA website.

VEHICLE AUTOMATION HWY24FH006
GROUP CHAIR'S FACTUAL REPORT PG 42 OF 47


https://www.nhtsa.gov/laws-regulations/standing-general-order-crash-reporting

e Updated incident report: On the 10 day of learning about such an incident.

e For incidents with vehicle towaway or an airbag deployment, but without
vulnerable road users, fatalities or transportation of any individuals to a hospital:
The only required incident report must be submitted within 5 days of learning
about such an incident.

Ford provided documentation to the NTSB that described the automaker’s
process for notifying NHTSA as required by SGO 2021-01 and outlined the
mechanisms through which it learns of crashes that may meet the reporting
requirements. Ford has numerous sources through which it obtains information about
incidents involving its vehicles before determining their relevance to the SGO
reporting requirements. Those sources include: (1) American Road Services Company
(Ford's insurance service program), (2) NHTSA customer complaints database, (3)
connected vehicle data [telematic data as described earlier], (4) staff monitoring media
outlets, and (5) other methods.3

As the next step, Ford examines these incidents for potential relevance to the
SGO reporting requirements and follows up on potentially relevant cases to determine
whether they meet those requirements. Since July 2021 (the start of the SGO reporting
requirements), Ford has followed up on an average of 58 potentially relevant incidents
per month, only a small fraction of which met the reporting requirements.

According to NHTSA’s SGO 2021-01 database, Ford submitted 19 reports
meeting L2 reporting requirements.* Of these: 3 were fatal crashes; 2 involved 2022
Mach-E vehicles (this crash is one), and one involved a 2021 Ford F-150.4

Ford learned about these 19 incidents from various sources, including:

7 incidents: Drivers or their representatives,

2 incidents: NHTSA's vehicle owner’s questionnaire (part of the agency’s safety
hotline),*

1 incident: Another ADS developer,

1 incident: NTSB notification,

% The vast majority of these incidents (before their initial relevance is determined) are reported through
the American Road Services Company (at least 92 %).

37 A considerable majority of the incidents received through the sources discussed above are deemed
not relevant. About 8-14% of the initially received incidents are considered potentially relevant to the
SGO reporting requirements, necessitating further investigation by Ford. This data refers to all
BlueCruise-equipped Ford vehicles.

40 Based on NHTSA's incident report data through September 16, 2024.

1 One of the fatal Mach-E crashes is the presently discussed San Antonio crash, while the second crash
occurred in Philadelphia, Pennsylvania, which the NTSB is also investigating (HWY24FH008).

42 NHTSA's vehicle owner's questionnaire serves as a reporting mechanism for vehicle owners to report
safety issues with their vehicles.
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e 1incident: Ford’'s social media search.*

1.6 Updates to BlueCruise and Other ADAS

BlueCruise updates. The 2024 Mach-E comes factory-equipped with
BlueCruise version 1.3. As of April 2025, 2022-2023 models can be updated to version
1.3 via over-the-air (OTA) update. This update is optional, and vehicle owners can
decline it. The 2025 Mach-E comes factory-equipped with BlueCruise version 1.5, the
latest edition of this partial automation system (as of the writing of this report).*

BlueCruise versions 1.1 through 1.3 included numerous updates designed to
improve or expand existing capabilities and add new functionalities.

Compared to the crash-involved Mach-E's version 1.0, BlueCruise 1.3 added
several features and changes.*s New functionalities include automatic lane biasing
(positioning the vehicle slightly off-center in certain situations), assisted lane changes,
and automatic speed reduction on curves. Other updates include:

e Modified brake pulse strategy during hard takeover,

e Reduced minimum lane width threshold (to 2.65 meters) and maximum
curve radius which increased BlueCruise availability,

e Updates for improved path planning accuracy, improved overall
performance, and better performance in specific scenarios, such as
vehicle following.

BlueCruise version 1.5 added automatic lane changing, primarily for passing
slower vehicles.

FCW and AEB updates. The FCW system no longer issues alerts based on information
from only the radar sensor system. The newer systems on relevant Ford vehicle models
(primarily from 2025 vehicle models) rely on either fusion of radar/camera signals or
camera-only signals to issue FCW alerts.

The AEB capabilities on the model year 2025 include detection and response to
the following situations: in-path oncoming vehicles, vehicles crossing at intersections,
and responding to pedestrians, bicyclists, and two-wheelers (motorcycles, mopeds,
scooters) when the host vehicle (e.g., Mach-E) is crossing or turning at intersections.

IIHS has conducted testing on the 2025 model year Mach-E.* Among other
conditions, the IIHS testing protocols included nighttime detection—with low and high

4 The SGO database lacks sufficient information to determine how Ford learned about the remaining
seven reported incidents.

# Information about BlueCruise versions for other Ford models is available on Ford’s website.

4 Some BlueCruise 1.3 changes were initially implemented in versions 1.1 and 1.2.

46 See the [IHS website for testing and rating of pedestrian AEB for 2025 Mach-E.
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https://www.ford.com/support/how-tos/ford-technology/driver-assist-features/ford-bluecruise-availability/
https://www.iihs.org/ratings/vehicle/ford/mustang-mach-e-4-door-suv/2025#front-crash-prevention-pedestrian

beams— of an adult pedestrian walking ahead in the same direction as the test vehicle,
atspeeds up to 60 km/h (37.3 mph). Results for this test condition show the 2025 Mach-
E's AEB system fully prevented pedestrian impacts at all tested speeds. The FCW
issued alerts in all test conditions; at 60 km/h, the alerts were issued at TTC of 1.41 and
1.92 seconds for low and high beams conditions, respectively.

E. DOCKET MATERIAL
The following attachments are in the docket for this investigation:

e Vehicle Automation Attachment - Selected Proprietary Data Collection
Initiative 1 data

e Vehicle Automation Attachment - CMR Data

Submitted by:

Ensar Becic, PhD
Vehicle Automation/ Human Performance Investigator

VEHICLE AUTOMATION HWY24FH006
GROUP CHAIR'S FACTUAL REPORT PG 45 OF 47



F. APPENDIX A

Data Sources Report Status Type of Data / Crash Relevance
Sections
ACM 1.2.3, Complete Data Vehicle dynamics, seat belt and airbag status // Captured
1.4.1 the crash
1.2.3, o
CMR 142 Complete Data | Primarily DMS // Captured the crash
IPMA 112433 No data BlueCruise and other ADAS // Did not capture the crash
Telematic Two 11242’ Complete Data | DMS alerts, BlueCruise state // Captured the crash trip
Telematic One 1.2.3, Limited data BIueCrglse and other ADAS // Captured portions of the
1.4.5 crash trip
SYNC 1446 No data Likely infotainment interaction // Unable to image the
module
Sensor/ Perception Systems Report : :
T 0 e e ) Sections Functionality and Crash Relevance
Radar 1.2.1 Operational // Provided functionality to several ADAS
Forward-facing camera 1.2.1 Operational // Provided functionality to several ADAS
Driver-facing camera 1.2.1. Operational // Provided functionality for DMS
GPS 1.2.1 Operational // Provided functionality for several ADAS
Mapping 1.2.1 Operational // Provided functionality for several ADAS
Object detection / path planning 1.2.2 Operational // Provided functionality for several ADAS
Report e . .
ADAS Sections Availability and Engagement During the Crash Trip
It is unknown whether the system was enabled by the driver; no 911 calls were
911 Assist 1.4.6 received by emergency dispatchers, and no first notice of loss report was
initiated
Speed Limit By design, the system’s operational status or alert history is not recorded;
. 1.31 o .
Assist engagement at crash time is unknown and cannot be inferred.
Available, as drivers cannot disable the system. IPMA is the only module that
FCW 132 records information pertaining to the FCW system, including its activations.
e Since IPMA did not capture this crash, it is unknown whether the FCW system
activated.
Since IPMA didn't capture this crash, AEB data is limited. While CMR doesn't
AEB 132 record if AEB was driver-disabled for that ignition cycle, it does show that AEB
e engagement wasn't requested, meaning AEB didn't activate. So, while
availability is unknown, there was no activation (or request for activation).
Evasive Steerin Availability is not recorded by design. Engagement can be inferred; the
Assist 9 1.3.2 system could not have engaged as AEB was not requested and driver did not
initiate steering.
ACC 1331 Engaged at crash time as part of BlueCruise functionality, confirmed by CMR

data.
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By design, the system’s operational status is not recorded; engagement at

Intelligent ACC 1332 crash time is unknown and cannot be inferred.

Availability is not recorded by design. The system would not have been
Lane Departure . : ’ .

. 1.3.4.1 engaged during BlueCruise operation, but could have been engaged earlier

Prevention . . . .

in the trip during manual or ACC only driving.
Hands-required 1351 Available. Based on Telematic One and Telematic Two data, it was engaged
BlueCruise R earlier in the crash trip, but not during the crash itself.
Hands-free 1352 Available and engaged during the crash and earlier in the crash trip;
BlueCruise R confirmed by CMR, Telematic Two, and Telematic One data.
DMS 1352 Available and operational during the crash and earlier in the crash trip;

confirmed by CMR, Telematic Two, and Telematic One data.
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