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VEHICLE TO PEDESTRIAN
COMMUNICATION SYSTEM AND METHOD

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

Notice: More than one reissue application has been filed
for the reissue of U.S. Pat. No. 9,421,909. The reissue
applications are application Ser. No. 16/107,539, filed on

Aug. 21, 2018, and Ser. No. 16/103,533 (the present appli-
cation), filed on Aug. 14, 2018. Application Ser. No. 16/107,
539 is a continuation reissue of Ser. No. 16/103,533. This
application 1s based on, claims the benefit of, and 1mcorpo-

rates herein by reference U.S. Provisional Application No.
61/861,886, filed on Aug. 2, 2013.

BACKGROUND OF THE INVENTION

Wireless technology has the potential to enable vehicles to
communicate with each other and with the infrastructure
around them. Connected vehicle technology—Vehicle to
Vehicle (V2V) and Vehicle to Infrastructure (V2I)——could
one day alert motorists of dangerous roadway conditions,
impending collisions, or dangerous curves. Connected
vehicles could also “talk™ to traflic signals, work zones, toll
booths, school zones, and other types of infrastructure.

Connected vehicle systems are based on Dedicated Short
Range Communications (DSRC)—a technology similar to
Wi-Fi—which 1s {fast, secure, reliable, and unlikely to be
vulnerable to interference. Using either in-vehicle or after-
market devices that continuously share important safety and
mobility information, vehicles ranging from cars to trucks
and buses to trains would be able to “talk™ to each other and
to different types of roadway infrastructure.

Analyses by the U.S. Department of Transportation’s
National Highway Tratlic Safety Administration (NHTSA)
show connected vehicle technology could potentially
address approximately 80 percent of the crash scenarios
involving non-impaired drivers. Specifically, NHTSA
research shows that this technology could help prevent the
majority of types of crashes that typically occur 1n the real
world, such as crashes at intersections or while changing
lanes.

The NHTSA announced a decision 1n February of 2014 to
begin taking steps to enable V2V communication technol-
ogy for light vehicles indicating that the NHTSA may move
torward with rulemaking that would require future vehicles
to support V2V and V2I data communications for safety
applications. Connected V2V and V2I safety applications
heavily rely on the Basic Safety Message (BSM), which 1s
one of the messages defined in the Society of Automotive
standard J2735, DSRC Message Set Dictionary, November
2009. The BSM 1s broadcast from vehicles over the 5.9 GHz
DSRC band. Transmission range i1s on the order of 1,000
meters. The BSM consists of two parts (Table 1). BSM Part
1 contains core data elements, including vehicle position,
heading, speed, acceleration, steering wheel angle, and
vehicle size and 1s transmitted at an adjustable rate of about
10 times per second. BSM Part 2 contains a variable set of
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2

data elements drawn from an extensive list of optional
clements. They are selected based on event triggers (e.g.,
ABS activated) and are added to Part 1 and sent as part of
the BSM message, but are transmitted less frequently in
order to conserve bandwidth. The BSM message includes
only current snapshots (with the exception of path data

which 1s 1tself limited to a few second’s worth of past history
data).

TABLE 1

Constituents of BSM Parts 1 and 2

BSM Part 1 BSM Part 2

Position (local 3D): Road coeflicient of friction

Latitude Rain sensor/precipitation sensor

Longitude Traction Control System active
over 100 msec

Elevation Antilock Brake System active

over 100 msec

Lights changed and Exterior lights
(status)

Positional accuracy

Motion: Wipers changed and wiper status
Transmission state Ambient air temperature

speed Ambient air pressure

heading Vehicle type (currently only for

fleet vehicles)
Steering wheel angle
Acceleration Set (4-way): this
includes 3 axes of acceleration

plus yaw rate
Vehicle Size

Although connected V2V and V2I safety applications
have the potential to improve inter-vehicle communication,
these applications do not address broader scenarios—spe-
cifically, Vehicle to Pedestrian (V2P) communication.

SUMMARY OF THE INVENTION

In one embodiment, the present disclosure provides a
system for alerting a user. The system includes a first device
for vehicle-to-pedestrian communication, the first device
operable by a pedestrian, and a vehicle operable by a driver
including a second device for vehicle-to-pedestrian commu-
nication. The system 1s configured to provide an alert via at
least one of the first device and second device to at least one
of the driver and the pedestrian.

In another embodiment, the present disclosure provides a
method of detecting a pedestrian. The method includes
communicating a first message with a first device for
vehicle-to-pedestrian communication. The first device 1s
operable by a pedestrian. The method further includes
receiving the first message with a second device for vehicle
to pedestrian communication and providing an alert to a user
of a vehicle including the second device, the alert indicative
ol at least one aspect of the first message.

In a turther embodiment, the present disclosure provides
a method of operating a vehicle-to-pedestrian (V2P) com-
munication system. The method includes acquiring vehicle
parameters for a vehicle including a first V2P device,
predicting a path of the vehicle based on at least one of the
vehicle parameters, and receiving at least one Basic Safety
Message (BSM) from a second V2P device associated with
a pedestrian. The method further includes acquiring pedes-
trian parameters for the pedestrian, predicting a path of the
pedestrian based on at least one of the pedestrian parameters,
determining whether the path of the vehicle intersects with
the path of the pedestrian, and providing an alert to at least
one of a drniver of the vehicle and the pedestrian.
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In another embodiment, a vehicle-to-pedestrian (V2P)
communication system includes a vehicle operable by a
driver and configured to communicate with a first V2P
device associated with the vehicle, the first V2P device
configured for communicating with at least one vehicle
system to acquire vehicle parameters for the vehicle includ-
ing the first V2P device, the vehicle parameters including at
least one of a location and a speed of the vehicle, predicting
a path of the vehicle based on at least one of the vehicle
parameters, receiving at least one Basic Safety Message
(BSM) from a second V2P device associated with a pedes-
trian via a wireless communications channel, acquiring

pedestrian parameters for the pedestrian from at least one of
the at least one BSM and the second V2P device, the
pedestrian parameters including at least one of a position
and a speed of the pedestrian, determining whether the path
of the vehicle intersects with a path of the pedestrian using
the vehicle parameters, the at least one BSM, and the
pedestrian parameters and, when the path of the vehicle
intersects with the path of the pedestrian, providing an alert
to at least one of a driver of the vehicle and the pedestrian.

In another embodiment, a method of operating a vehicle-
to-pedestrian (V2P) communication system includes com-
municating with at least one vehicle system to acquire
vehicle parameters for a vehicle including a first V2P device,
the vehicle parameters 1including at least one of a location
and a speed of the vehicle, predicting a path of the vehicle
based on at least one of the vehicle parameters, receiving at
least one Basic Safety Message (BSM) from a second V2P
device associated with a pedestrian via a wireless commu-
nications channel, acquiring pedestrian parameters for the
pedestrian, the pedestrian parameters including at least one
of a position and a speed of the pedestrian, predicting a path
of the pedestrian based on at least one of the pedestrian
parameters, determining whether the path of the vehicle
intersects with the path of the pedestrian, and, when the path
of the vehicle intersects with the path of the pedestrian,
providing an alert to at least one of a driver of the vehicle
and the pedestrian.

The foregoing and other aspects and advantages of the
invention will appear from the following description. In the
description, reference 1s made to the accompanying draw-
ings which form a part hereof, and in which there 1s shown
by way of illustration a preferred embodiment of the inven-
tion. Such embodiment does not necessarily represent the
tull scope of the mvention, however, and reference 1s made
therefore to the claims and herein for interpreting the scope
of the mvention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic 1llustration of some of the compo-
nents of the V2P communications system.

FIG. 2 1s a schematic illustration of a method of pedes-
trian classification using the V2P system.

FIG. 3 shows an example method for classification of a
pedestrian as a child and a potential outcome of the classi-
fication.

FIG. 4 1s a schematic 1llustration of a driver to pedestrian
transition.

FIG. 5 1s a schematic 1llustration of a pedestrian to driver
transition.

FIG. 6 1s a schematic illustration of a vehicle on a
roadway with overlaid alert zones.

FIG. 7 1s a schematic illustration of example alerts that
may be provided by a visual interface.
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FIG. 8 1s a schematic 1illustration of a varying alert as a
function of a vehicle’s distance to a pedestrian.

FIG. 9 1s a schematic illustration of a vehicle path
prediction algorithm for a vehicle with a zero yaw rate
indicative of a straight path of travel.

FIG. 10 1s a schematic illustration of a vehicle path
prediction algorithm for a vehicle with a positive yaw rate
indicative of a turning maneuver.

FIG. 11 1s a schematic illustration of pedestrian path
prediction algorithm.

FIG. 12 1s a schematic illustration of an algorithm for
predicting the intersection of a pedestrian path with a vehicle
path i a vehicle warn zone.

FIG. 13 1s a schematic illustration of an algorithm for
predicting the intersection of a pedestrian path with a vehicle
path i a vehicle warn/brake zone.

FIG. 14 1s a schematic illustration of a pedestrian travel-
ing along a generally parallel path to a vehicle.

FIG. 15 15 a schematic illustration of a pedestrian travel-
ing along a generally perpendicular path to a vehicle.

FIG. 16 1s a schematic illustration of an example method
for selecting between a regular warming algorithm and a
suppressed warning algorithm for scenarios such as those
illustrated 1n FIGS. 14 and 13.

FIG. 17 1s a schematic 1llustration of an example method
for use with a V2P communication system.

FIG. 18 1s a continuation of the method of FIG. 17.

Like reference numerals will be used to refer to like parts
from figure to figure 1n the following detailed description.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Although connected V2V and V2I safety applications
have the potential to improve inter-vehicle communication,
these applications do not address broader scenarios—spe-
cifically, V2P communication.

The present V2P communication system and method
broadly address a variety of scenarios where a driver of a
vehicle may come into contact with a pedestrian. In the
present disclosure, a pedestrian 1s defined as any road user
or any person in the vicinity of a road, highway, parking lot
or other thoroughtfare on which a vehicle may travel. In one
aspect, a pedestrian may be a person on foot and 1n another
aspect, a pedestrian may be an operator of a pedestrian
transportation means such as a bicycle, unicycle, powered or
unpowered wheelchair, Segway®, scooter, moped, or
another similar motorized or non-motorized transportation
means.

One or more algorithms may be used to distinguish
among walking pedestrians, wheelchair riders, bicycle rid-
ers, Segway® riders, and the like. In one example, a device
carried by a user may include a button or other iterface to
allow the user to indicate their status. Accordingly, a user
may indicate that they are a pedestrian, on a bicycle, on a
scooter and so forth. In another aspect, blind or deatf users
may interface with a device to select from options such as
“disability: hearing”, “disability: vision™, and the lhike. A
user may manually enter a status or select from a list of
predetermined options.

In another example, a device may automatically detect
and/or classify the user. One method for automatic detec-
tion/classification includes i1dentifying factors such as the
kinematic behavior of the user. In one aspect, a pedestrian
may have an average speed for walking of about 1-2 meter
per second. Moreover, the gait or cadence of the pedestrian
may be characterized by a vertical acceleration 1n addition to
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horizontal movement. In another aspect, a manual wheel-
chair user may have an average wheelchair speed of about
0.3 meters per second, which may be less than a pedestrian.
A wheelchair user may not exhibit vertical motion. Further-
more, 1I a wheelchair 1s propelled with the hands of a user
of the wheelchair (1.e., self-propelled), the intermittent turn-
ing of the wheels of the wheelchair by the user may result
in speed fluctuations or pulses as opposed to the more
constant speed of a pedestrian. In a yet another aspect, a
powered wheelchair may have an average speed of about 0.4
meters per sec with relatively constant horizontal move-
ment. In a further aspect, a scooter or Segway® may have
an average speed of about 5-8 meters per second, with top
speeds of up to or exceeding 12 meters per second. While the
scooter or Segway® may behave similarly to a powered
wheelchair, with relatively little to no vertical motion and a
relatively constant speed, the scooter or Segway® may be
differentiated from the relatively slower electrical wheel-
chatr.

The V2P communication system and method may rely on
any suitable communication medium, technology or com-
bination thereof. In one aspect, the system may include a
vehicle with at least one of a factory installed device and an
altermarket device that i1s integrated with the vehicle. In
another aspect, the system may include a mobile device such
as a smart phone, personal Global Positioning System
(GPS), or a dedicated device designed explicitly for the V2P
communication system. The aforementioned devices and
vehicles may be operated by and/or associated with the
driver of a vehicle or a pedestrian, such as a pedestrian on
foot or a pedestrian 1n operation of a vehicle such as a one
of the aforementioned pedestrian transportation means. The
devices may also be referred to as V2P enabled devices. In
the case of a particular example device, communication may
be achieved through Wi-F1 at a frequency of 5.8 GHz or 2.4
GHz. Alternatively, communication may be carried out over
DSRC at a frequency of 5.9 GHz in the United States, or at
a frequency of 5.8 GHz 1in Furope and Japan.

In one aspect, a user of a device may or may not be able
to modity the ability of a V2P device to broadcast a BSM.
A V2P device may be programmed by a manufacture or
vendor of the device to broadcast a BSM at a predetermined
rate or under predetermined conditions. In one example, a
V2P device may be programmed to broadcast a BSM every
second or every 0.1 seconds. In another example, a V2P
device may be programmed to determine the context of the
device (e.g., indoors vs. outside) and only broadcast when a
particular context 1s detected.

In one aspect, the device includes GPS positioning capa-
bility so that a position of a device (e.g., latitude, longitude,
clevation) may be communicated to the receiving side such
as a vehicle. In another aspect, the minimum processing
power ol a device may vary depending on the implementa-
tion of the present system and method. For example, a
portion of the computation processing may be carried out on
a device carried by a pedestrian or other user. The compu-
tation may include verification of incoming messages from
vehicles, determination of potential threats and generation of
alerts to warn the user of the device accordingly. Verification
may include one or more safeguards to prevent or identify
false reporting (e.g., a pedestrian on a bus) or to verily the
authenticity of a message to prevent tampering with mes-
sages or the broadcasting of malevolent messages. More-
over, verification may be achieved by verifying each mes-
sage’s authenticity, every other messages authenticity, or
every tenth message’s authenticity (e.g., 10% random sam-
pling). In one aspect, computation power requirements may
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be reduced by about 90% for a 10% sampling rate. Reducing
processing power, or the energy used by a V2P device n
general, may be useful 1n the case of a battery-powered
device.

Communications sent and received by the V2P system
include, but are not limited to BSMs. BSMs, as described
above, may include one or more of the elements listed 1n
Table 1 as well as additional elements not listed. Some of the
elements that are not listed will be described herein, while
still others are anticipated and will become apparent given
the various embodiments of the V2P system.

In one embodiment, the V2P communication system and
method may facilitate pedestrian classification. A driver of a
vehicle may encounter a pedestrian with a disability, such as
a pedestrian with impaired hearing or vision. Alternatively,
the pedestrian may be a child or inebriated. The V2P
communication system and method may identily informa-
tion about the pedestrian and alert either or both of the driver
and the pedestrian of the presence of the other. Moreover, the
information gathered may be used to classily the pedestrian
in order to tailor the alert that the driver and/or pedestrian
receives.

In another embodiment, the V2P communication system
and method may be used to detect a distracted driver or
pedestrian and provide imnformation such as an alert to the
driver or pedestrian or both based on a given scenario. In one
aspect, a distracted driver and/or pedestrian may be 1denti-
fied based on a detected behavior of the driver and/or
pedestrian. In one aspect, the detecting device may include
any ol the aforementioned devices suitable in the imple-
mentation of the V2P system.

In yet another embodiment, the V2P communication
system and method may be applied to detect a dniver-
pedestrian transition or a pedestrian cross-street mtention.
One algorithm for detecting a vehicle driver to pedestrian
transition may include detection of the deactivation of a
Bluetooth hands-iree link, detection of removal of a key
from the vehicle 1gnition, detection of the vehicle engine
being turned ofl, or the transition of a portable device (e.g.,
a smart phone) from a vehicle state to a pedestrian state. In
the case of the latter example, a device may be characterized
by constant movement during transport in the vehicle,
whereas the device may be characterized by abrupt or short
movements as the device 1s moved from the interior of the
vehicle to a location exterior to the vehicle, thereby transi-
tioning to a portable device carried by the user (i.e., pedes-
trian). This abrupt and short movement may be detected by
an accelerometer included 1n the device. Moreover, move-
ment detection may be combined with vehicle door open and
close signals, or other data acquired by the vehicle or the
device 1n order to confirm that the device 1s now outside the
vehicle after the driver leave the vehicle.

In one aspect, the system may detect the act (or intention)
ol a pedestrian entering or exiting a vehicle and provide a
corresponding alert. In an exiting scenario, an alert may
indicate that a pedestrian may be entering the vicinity.
Conversely, 1n an entering scenario, an alert may indicate
that a vehicle may be entering the vicinity. Furthermore, the
information broadcast by the V2P system may be the result
of the intention of exiting or entering a vehicle. Given the
location of the user of the system relative to the vehicle, a
customized alert may be generated such as an indication of
the possibility of a user crossing a roadway 1n order to enter
the vehicle.

In still another embodiment, the V2P communication
system and method may be applied to predict a pedestrian
trajectory. In one aspect, the system uses mnformation pro-
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vided by a device associated with the pedestrian 1n order to
estimate a future position of the pedestrian based on history
of the pedestrian, such as historical location data. Example
information may include a pedestrian’s every day walking
path history to determine the mostly likely location of a
future street crossing location and pattern. Alternative (or
additional) information may include use of map data that
lists street crossing, curb, or paint location information. This
map data may be combined with a pedestrian’s current
movement to predict a crossing location and direction.

A commumnication system and method are provided that
cnable V2P communication. The V2P communication sys-
tem and method broadly address a variety of scenarios
where a driver of a vehicle may cross paths with a pedestrian
and vice versa. Referring to FIG. 1, a pedestrian 20 may be
assoclated with a V2P enabled device 10. In addition, a
vehicle 40 with a driver 30 1s shown. The driver 30 travels
on a roadway 50 near the pedestrian 20. The vehicle 40 may
also be associated with a V2P enabled device 10. The V2P
enabled devices 10 are 1n communication with one another
using, for example, DSRC.

Pedestrian Classification

In one aspect, the V2P communication system and meth-
ods encompass pedestrian classification (FIG. 2). The V2P
system may be capable of classiiying a given pedestrian 20
as, for example, a wheelchair user 22, a blind person 24 or
deal person 26, or a regular pedestrian without disability.
This classification may impact the behavior of the driver 30.
Alternatively, the V2P system may control the vehicle 40 to
automatically react such as through the use of an audible
signal exterior to the vehicle, through the use of flashing the
vehicles lights, or by engaging the braking system.

Once the device 10 carried by the pedestrian 20 detects
the type and the disability classification of the user of the
device 10, the device 10 may incorporate the classification
information into the broadcasting of a safety message. A
vehicle 40 may receive these messages and determine that
the pedestrian 20 may, for example, have impaired vision.
Thereatter, the vehicle 40 may actuate an audible warning
such as vehicle horn to warn the pedestrian 20. If the
pedestrian 20 1s a wheelchair user, the vehicle 40 may
actuate a brake of the vehicle 40. Accordingly, the approach
ol the vehicle 40 towards the pedestrian 20 1n the wheelchair
may be slowed to provide the wheelchair user with a greater
amount of clearance or time to complete a street crossing
maneuver. In one aspect, the clearance may enable the
wheelchair user to feel less vulnerable as compared to a
pedestrian 20 that does not require a wheelcharr.

A V2P information conveyance device, such as an alert
system, may accurately assess the alert timing and alert
interface based on knowledge of the specific needs from a
pedestrian, such as whether a disabled pedestrian requires
additional street-crossing time or where the likely crossing
location 1s—(e.g., where the road curb 1s graded properly for
wheelchair travel).

In one implementation, for the BSM-capable mobile
device users with special needs/disabilities, the device may
add their special needs mformation as part of the BSM
transmission. In that case, the user may use a setup interface
provided by the mobile device to enter information describ-
ing their disabilities or special needs. In the case of a
wheelchair user, for example, safety algorithms may be
running on the vehicle as well as 1n the wheelchair user’s
mobile device. For example, for a wheelchair user with
BSM capability 1n his or her mobile device, the wheelchair
user’s mobile device (e.g., a mobile phone or other devices
capable of processing and transceirving salfety messages)
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transmits awareness messages similar to the BSM, with
additional information such as the classification of the user
(e.g., physically handicapped), the classification of the
pedestrians transportation means (e.g., a wheelchair) and
other information, to help the vehicles and other drivers and
pedestrians to 1dentity the movement characteristics of the
wheelchair user 1n order to perform collision threat assess-
ment.

Other information that may be transmitted in addition to
or 1n place of a BSM may include whether the user is
listening to music, texting, talking on the phone, or browsing
the internet. The vehicle, upon receiving the information
transmitted by the device, may determine the probability of
the pedestrian being distracted. IT the vehicle determines that
the probability of distraction may be likely, then the vehicle
may warn the pedestrian. Example warnings may include an
audible or visual alert. Moreover, the vehicle may actuate
the brakes or alert the driver that a greater stopping distance
may be required to account for the distracted pedestrian. By
comparison, the device may warn the pedestrian by provid-
ing an audible or visual alert, by interrupting or deactivating
programs with which the user may be interfacing, or the like.

In one example mvolving a wheelchair user, the vehicle
may use the BSMs received from the wheelchair user,
analyze data such as lateral acceleration, longitudinal accel-
eration, vertical acceleration, speed, heading, yaw rate and
other parameters. Furthermore, the vehicle may detect a
distinctive movement pattern of the user of the device, or
turther classify the mobile device user as a wheelchair user.
In yet another aspect, the vehicle may use this analysis,
combined with the mobile device’s additional user informa-
tion, to confirm the wheelchair user classification. The
mobile device and any systems associated with the vehicle
may also use the wheelchair use information to further
determine the wheelchair user’s potential road crossing
location, which may be restricted to the crosswalk curbs that
are properly graded for wheelchair access.

In one aspect, a cooperative safety application running in
the vehicle calculates the threat of potential collision with
the wheelchair user. If the probability of a collision 1s low,
the vehicle informs the driver that the wheelchair user may
be present. If the probability becomes high, the vehicle
warns the driver more aggressively. The probability may be
calculated based on factors including the distance to colli-
sion and the time to collision. While varied algorithms may
be used to calculate a probability, one example includes the
use of a bounding box having multiple alert zones (see, e.g.,
FIG. 6). In another aspect, a similar safety application may
running on the wheelchair user’s mobile device, and warns
the wheelchair user of whether the possibility of collision
may be high. Warnings are more aggressive in the case of a
wheelchair user with potentially slower movement. For
example, a wheelchair user may take a longer time to cross
a street compared to a non-wheelchair user. The vehicle may
take ito account this mformation while determining the
warning timing, and/or extend the waiting time for the
wheelchair user (or other user having a condition resulting
in a lower than expected speed when crossing the street) to
complete the street crossing maneuver.

In another example mvolving a visually impaired pedes-
trian, 1in a manner similar to the wheelchair user, the visually
impaired pedestrian may be detected by their special move-
ment pattern such as the use of a guide cane that results in
a characteristic audible pattern that may be detected by a
device associated with the pedestrian and be transmitted as
part of the BSM {from the device. Similarly, a hearing
impaired pedestrian may set therr V2P device to, for
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example, a high-vibration mode or any other suitable set-
tings for one with a hearing impairment. Again, once the
V2P device makes the determination that the pedestrian may
be visually impaired, messages notitying nearby vehicles of
the condition of the pedestrian may be broadcast.

Classification aspects of the V2P systems and methods
may also extend to the classification of children and adults.
Safety algorithms may be mmplemented on V2P devices
associated with either or both of the driver and the pedes-
trian. In one example, a cooperative safety application
running on a device associated with a vehicle calculates the
threat of potential collision with the pedestrian. If a child or
similar person 1s detected, the vehicle informs the driver that
chuldren are present. A similar safety application may be
implemented on a device associated with the child pedes-
trian that warns the pedestrian 1f there 1s a driver/vehicle
approaching. Warnings may be tailored for children such
that they are more aggressive (e.g., louder, longer), for
example.

In one example, the V2P system may detect 1f a child or
adult 1s carrying a V2P device by employing one or more
methods. Methods may include the use of parental controls
where a parent configures settings on the device associated
with the child pedestrian indicating that a child 1s carrying
the device. Alternatively, the device may use smart context
sensing, including 1) the use of a precise elevation threshold
obtained from a GPS receiver in the device; 11) movement
pattern matching (i.e., a child’s movement pattern will differ
from an adult’s); and 111) the device (or system 1n commu-
nication with the device) automatically calculating the prob-
ability that a child 1s carrying the device based on usage
factors.

Example usage factors for characterizing a user as a child
may include identification of a gait, stride or cadence as the
movement pattern of a child may be characterized by
smaller steps or smaller horizontal movement per step as
compared with an average adult. An algorithm may addi-
tionally (or alternatively) include time of day and the
location information which may correspond with a school
zone or the likelihood that a child 1s traveling to or from
school. In the case of a child using a V2P smart phone, usage
factors may include the browsing history, use of services
such as social media and e-mail, and the type of music being
played. Such factors may be analyzed, for example, with
profiling algorithms to determine whether the user 1s a child.
In a specific example, 11 children songs are being played on
the device, an algorithm may determine that the device 1s
currently associated with a child.

Referring to FIG. 3, a method 100 1s illustrated. In 102, a
device such as a smart phone and a device associated with
a vehicles periodically (or frequently) transmit awareness
messages. In 104, an awareness message coming form the
smart phone contains information that a child is carrying the
smart phone device. This indication may be determined
through the analysis of the status of parental controls on the
smart phone or through precise elevation threshold data
from a GPS receiver 1n the smart phone. In 106, a coopera-
tive safety application running on the vehicle calculates the
threat of potential collision. If a high probability of collision
1s calculated, the vehicle warns the driver. Then, in 108, a
supporting application on the smart phone provides the
pedestrian with an indication of whether the pedestrian 1s in
a child friendly surrounding, whether there are nearby cars,
and warnings of any potential collisions. Finally, in 110, 1f
a potential collision 1s detected, warnings provided by the
device are more aggressive and in advance in the case of
chuldren pedestrians. Pedestrian Transition Detection
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In another embodiment, the V2P communications system
and methods may be applied to the detection of a transition
state of a pedestrian (FIGS. 4-5). In one aspect, V2P enabled
devices associated with the pedestrian are 1n communication
with a vehicle to detect a driver-pedestrian transition and the
intention of a pedestrian to traverse a roadway to interact
with (e.g., drive) a vehicle.

In one example, the V2P system may be applied to detect
a transition of a driver to a pedestrian and vice versa. This
transition state information may be useful to help vehicles
detect a potential pedestrian presence 1n the area, and may
also be used to regulate a device associated with the pedes-
trian, for example, to turn the safety message transmission
on or oil for the purpose of reducing power consumption
V2P applications and transmissions associated with the
device.

Referring to FIG. 4, a driver 30 to pedestrian 20 transition
may be detected with the V2P communications system and
methods. One type of driver to pedestrian transition occurs
when a driver 30 of a vehicle 40 parks the vehicle, and upon
exiting the vehicle, 1s now classified as a pedestrian 20. The
transition may be detected, for example, by a door ajar signal
generated by the vehicle sensor output bus and communi-
cated to the V2P enabled device 10 associated with the
driver of the vehicle. Alternatively, or 1n addition, a g-sensor
or other sensor output associated with the device may be
used to detect the transition.

In one aspect, the accelerometer on the device 10 may
provide a 3-D acceleration pattern which 1s characteristic of
movement of a phone from an 1nterior of the vehicle 40 (e.g.,
sitting on the seat 1n a bag, or in the pocket of the driver 30)
to outside the vehicle 40. For example, after a period of
generally horizontal movement while the vehicle 40 1s 1n
motion, the horizontal movement may stop as the vehicle 40
stops. Thereafter, the vertical acceleration may spike (e.g.,
device 10 being picked up) followed by horizontal move-
ment (e.g., device 10 being handled within the vehicle 40),
and then vertical movement as the driver 30 exits the vehicle
40 and stands up. The device 10 may then experience a
typical walking related movement pattern. In one aspect, a
device 10 may be able to sense operation of a door of a
vehicle 40 (e.g., audible or motion characteristic, signal
from vehicle 40) to predict a transition from a driver 30 to
a pedestrian 20. In a further aspect, this information may be
sent as part of the BSM from a device to inform the
surrounding road users/drivers/pedestrians, to be alerted of
a potential pedestrian presence.

Referring to FIG. 5, a pedestrian to driver transition may
be detected with a V2P system. One type of pedestrian to
driver transition occurs when a pedestrian 20 approaches
and enters a vehicle 40 such that the pedestrian 1s now
classified as a driver 30. The transition may be detected, for
example, When a pedestrian walks towards an associated
vehicle and actuates a vehicle unlock signal (e.g., with a
keyless 1ob). The vehicle 40 associated with the pedestrian
may send BSMs to inform the surrounding road users of a
pedestrian approaching the vehicle. If a roadway lies 1n
between the vehicle and the pedestrian, a device associated
with the vehicle or the pedestrian may send an alert that a
pedestrian 1s potentially intending to cross the roadway as
part of a BSM. The surrounding drivers and pedestrians will
be able to prepare for the presence of a pedestrian and the
transition of the pedestrian to becoming a driver, along with
the possibility of a roadway crossing.

In a third aspect, a number of triggers, such as a vehicle
door ajar signal, starting or stopping of the engine, or a
characteristic movement of a V2P enabled device associated
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with the drniver/pedestrian may be detected i order to turn
on or ofl the BSM transmission and related applications 1n
order to reduce power consumption by the device. In one
example, the V2P enabled device 10 1s a smart phone
running a V2P application. When the driver associated with
the device exits a vehicle and transitions to become a
pedestrian, a signal 1s detected, such as a door lock signal,
and the application activates transmission ol a BSM. At a
later time, the pedestrian returns to the vehicle. Upon
entering the vehicle and transitioning to a driver, a signal,
such as a door unlock signal 1s detected and the application
on the smart phone deactivates transmission of the BSM. In
one example, a second V2P device integrated with the
vehicle may now accept responsibility for transmitting the
BSM.

Distracted Driver Detection

In yet another embodiment, the V2P system and methods,
may be applied to the detection of a driver’s current state of
attentiveness to the surroundings, which may include the
presence of one or more pedestrians. In one aspect, the
reliability of detection may be improved by detecting, for
example, a driver’s cell phone usage mformation, the dis-
tance of their phone to the steering wheel, and/or the
interaction of a driver with a sensor on the steering wheel.

In certain applications of the V2P system, a driver of a
surrounding vehicle (peripheral driver) may be alerted to the
behavior of a given driver associated with a V2P device. In
one aspect, a peripheral driver may be frustrated by a
slow-leading vehicle as the reason for the reduced speed of
the lead vehicle 1s unknown. With driver distraction infor-
mation exchanged among the vehicle drivers and other road
users by way of the V2P system, drivers, pedestrians and
other road user’s anxiety levels may be reduced.

In one example, V2P technology may be based on broad-
cast wireless information. Each device in the system may
have a unique ID. The device may broadcast information
and any other device within the communication range may
receive the mformation. Each device takes the information
received from each other device within range and deter-
mines whether the information received 1s relevant. For
example, messages received by a V2P equipped vehicle
from another vehicle located 400 meters away may not be as
relevant as a message received from a vehicle located 50
meters away 1 a blind spot of the receiving vehicle, or
located 100 meters away and heading towards the receiving
vehicle. In one aspect, filtering and analysis of receirved
messages may be based on a predicted probability of colli-
sion or occurrence of another threat. Accordingly, a V2P
system may be capable of monitoring and/or prioritizing
multiple subjects or threats.

In another aspect, a device associated with a vehicle may
detect its own driver being distracted. In one example, a
range-sensitive antenna may be 1installed in the steering
wheel to measure the distance between the steering wheel
and the mobile device operated by a driver. Alternatively (or
in addition to the antenna), a driver-facing camera may be
used to determine a distraction state of the dniver.

In certain scenarios, a driver may operate a vehicle
without the use of the hands, such as 1n the case of the driver
operating the wheel with his or her knees. A touch/load
sensor may detect the use of knee-based operation of the
vehicle and determine, optionally 1n conjunction with one or
more additional sensors, the distraction state of the driver. In
one 1mplementation, a load sensor may be built mto the
steering column. In this case, the load on the steering column
will be different if a driver has his or her hands on the
steering wheel or if another extremity (e.g., knees) 1s 1nci-
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dent upon the steering wheel for control. In another imple-
mentation, a touch sensor may be deployed around the
perimeter of the steering wheel to detect steering without the
use of the hands. In yet another implementation, the dis-
traction state of the driver may be detected by the driver’s
mobile device (e.g., a smart phone). In this case, the smart

phone may be configured to interface with the V2P device
associated with the driver and/or the driver’s vehicle. In one
aspect, the V2P device and the driver’s smart phone are one
and the same.

Information related to the distraction state of the dniver
may be used by the V2P communication system 1n multiple
ways. For example, the information may indicate to the
driver’s vehicle to alert the driver to a need to momitor the
surrounding. The vehicle’s safety system’s warning timing,
and visual interface (if present) may be adjusted accordingly
to 1include more aggressive warnings encompassing louder
audio, more prominent visual alerts, and the like.

In another example, the information may be used as part
of a BSM ftransmission to inform surrounding drivers and
pedestrians that are capable of receiving and processing the
BSMs. For example, a following vehicle may now under-
stand that the cause of a leading vehicle’s uncharacteristic
deceleration 1s the result of mobile device usage by the
offending driver. This piece of information may reduce the
following vehicle driver’s anxiety level and inform the
driving behavior of the pernipheral driver. Other drivers and
pedestrians may pay extra attention to the vehicle with a
distracted driver. For example, a pedestrian with a mobile
device capable of processing the vehicle’s BSM may be
informed to be extra cautious 1f the pedestrian plans to cross
the street.

Distracted Pedestrian Detection

In still another embodiment, the V2P communications
system and method may be applicable to the detection and
transmission of a pedestrian’s attentiveness level. In one
example, the V2P system may detect usage of a device by a
pedestrian and subsequently transmit usage information
related to whether the pedestrian may be playing music,
texting, talking on the phone, and so forth. In certain
embodiments, this information may be useful for vehicle
drivers and other pedestrians with V2P enabled devices
capable of BSM transmission and safety application pro-
cessing. For example, the mformation may be used to
manually or automatically adjust the vehicle’s on board
pedestrian warning system. For example, more aggressive
timing for warnings and louder audio output external to the
vehicle to warn the driver and the pedestrian may be
implemented due to the expected lack of response from the
pedestrian.

In one aspect, a BSM from a V2P enabled device, may be
used to analyze the movement of the device (e.g., accelera-
tion, speed, heading change, etc.) and estimate whether the
device 1s being held m a hand or i a pocket, purse,
backpack, or the like. A device carried in a pedestrian’s hand
will have a distinctive movement pattern compared to a
device that 1s 1n a bag or 1 a pocket. In another aspect, a
light sensor associated with the pedestrian’s V2P enabled
device may be used to detect 1f the device 1s held 1n a hand
or stored 1n a pocket. For example, a light sensor may detect
a current light level to determine whether the associated
device 1n located within an enclosure or not. Upon the
determination of the likelithood that the device associated
with the pedestrian 1s held 1n the hand of the pedestrian, the
device associated with the vehicle may adjust the parameters
of the vehicle alert system accordingly.
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In some embodiments, the detection of the distracted
pedestrian may result 1n the presentation of a varnable,
situation-dependent audio/visual interface. For example, if a
pedestrian 1s using a V2P enabled device to send a text
message, a device associated with the vehicle may auto-
matically sound the vehicle’s horn to warn the pedestrian. In
another example, 11 the pedestrian 1s using a device to listen
to music, then a combination of flashing the vehicle’s
headlights and sounding the vehicle’s horn may be a better
contextual warning given that the pedestrian’s hearing may
be impaired by the use of headphones. Furthermore, for the
benefit of the driver of the vehicle, an interface 1n the vehicle
may, for example, display a context-dependent alert or
adjust the timing of when the alert 1s provided. In the case
of a visually impaired pedestrian, 1n one aspect, a V2P
cnabled device may vibrate as a warning the pedestrian.

Referring to FIG. 6, a schematic illustration 1s shown in
which a vehicle 40 travels along a roadway 50. IT a pedes-
trian (not shown) enters the roadway, an alert may be
generated based on the distance of the pedestrian from the
vehicle 40 as shown by the overlaid inform zone 52, warn
zone 54, and warn/brake zone 56. In some embodiments, the
inform zone 52 and warn zone 54 may include an area that
1s about three lane widths wide, whereas the warn/brake
zone 34 may include an area that 1s about one lane width
wide. In FIG. 7, an exemplary set of alerts are shown which
may be provided to either the driver of the vehicle or the
pedestrian via an interface associated with a vehicle or a
device. The alerts may indicate a hidden pedestrian 61, a
pedestrian distracted by operation of a device (e.g., texting)
62, a pedestrian listening to music 63, a pedestrian talking on
a phone 64, and a pedestrian approaching the roadway 65.

The alerts may be presented based on a location of the
pedestrian relative to the vehicle (driver’s side vs. passenger
side). The alerts may also indicate that the driver should
brake 66. Referring to FIG. 8, the alerts may also be specific
to a distance of a pedestrian to a vehicle. For example, a
single audible signal 70 may alert the driver of vehicle 40
that a pedestrian 1s somewhat close to the vehicle (e.g., 100
feet), whereas a multiple or repeated audible signal 72 may
indicate that a pedestrian 1s very close to the vehicle 40 (e.g.,
5 feet). Intermediate audible signals 74, 76 and 78 may
include an intermediate number of repeated alerts to difler-
entiate from the larger distance indicated by signal 70 and
the smaller distance indicated by signal 72.

Furthermore, 11 a pedestrian 1s hidden behind an object
such as a building, or otherwise blocked from the view of a
driver, the V2P system may alert the driver 1 a correspond-
ing manner (e.g., alert 61 1 FIG. 7). The V2P system may,
in some embodiments, be configured to detect the presence
of an object, such as a tree or a building, between a driver
and a vehicle. In one aspect, the location of certain objects
1s stored 1n a database accessible to a V2P enabled device.
In another aspect, the hidden pedestrian may be anticipated
based on the GPS coordinate of the pedestrian and the driver
in conjunction with map data. For example, the pedestrian
may be located on a roadway that intersects a roadway on
which the driver 1s traveling. The presence of the intersec-
tion 1s determined based on map data and the location of the
pedestrian and the vehicle 1s determined based on GPS
coordinates obtained from associated V2P enabled devices.
In a third aspect, a vehicle or device may be configured with
a RADAR/SONAR system, video sensor (e.g., driver facing
video camera) or other comparable system for the detection
ol objects.

In this case, 11 an object 1s detected between the vehicle
and the pedestrian, the hidden pedestrian alert 1s presented
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to the driver or pedestrian. In a fourth aspect, the vehicle
may be equipped with an optical device such as a front- or
rear-facing camera. In this case, the optical device 1s con-
figured to detect objects within a field of view. IT 1t 1s
determined that a pedestrian 1s 1n the vicinity of the vehicle,
it may be determined that a pedestrian 1s hidden by an object
within the filed of view of the optical device. In one
example, facial recognition i1s used to determine 1f the
pedestrian 1s visible. In another example, the information
collected by the optical device and GPS coordinates of the
pedestrian are combined to determine 1f the pedestrian 1s

hidden.

Pedestrian Trajectory Prediction

In still another embodiment, the V2P communications
system and methods may be applied to the analysis of a
pedestrian’s path history (e.g., GPS position vs. time) to
improve, for example, vehicle-pedestrian collision warning
system performance. In one aspect, the BSM from the
device associated with the pedestrian may include the path
history of the pedestrian, for example, as calculated by the
device. This capability may be useful to assess the behavior
of a pedestrian and predict the future path of the pedestrian.

In one example, a V2P enabled device associated with a
pedestrian, such as mobile phone or other devices capable of
processing and ftransceirving salety messages, Ifrequently
transmits an awareness message such as a BSM. In one
aspect, the message contains additional information, such as
the class of pedestrian (e.g., a child, a wheelchair user). In
another aspect, a device associated with the pedestrian
records a path of the pedestrian. For example the last 300
meters of the pedestrian’s path are recorded on the device.
The path data may be represented as an array of points
including GPS, latitude, longitude, time ofiset, acceleration
and other like attributes.

In another aspect, a vehicle may use the BSMs or other
messages received from the device associated with the
pedestrian and calculate the path history. The vehicle may
then use the path history data to determine the probability of
a future trajectory/path of the pedestrian, such as the like-
lithood of street-crossing. Additional information may sup-
port the calculation of the future path of the pedestrian, such
as the current heading and acceleration of the pedestrian, an
approach of the pedestrian to a roadway, or predicted travel
path of the vehicle. Furthermore, the path history may be
used to detect the movement pattern of the pedestrian, such
as walking, running, jogging, hopping, or a random move-
ment. The characteristic pattern may be analyzed by a
vehicle or a device. For example, hopping may be indicative

of a child pedestrian, whereas random movements may be
indicative of an inebriated pedestrian.

The further classification of the pedestrian may be used to
modify an alert provided by the vehicle or another device.
For example, for a running pedestrian, the warning timing
may be adjusted based on the speed of the pedestrian. In the
case of a hopping pedestrian or an inebriated pedestrian, the
vehicle may warn the driver to use caution or indicate the
presence of a randomly moving pedestrian. The above
system and methods also apply to the device associated with
the pedestrian. In one aspect, a device safety application
may use the same path history information to improve its
satety application performance.

Additional scenarios for implementation of a V2P com-
munications system & methods are described in Table 2.
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TABLE 2

Exemplary Scenarios for V2P Communications Svstem & Methods

Category

Exemplary Embodiment(s)

Wheelchair

Path history
of pedestrian

Headlight

control

Distracted
(e.g., texting)
driver

Child with

device

Distracted
pedestrian

Vehicle to
pedestrian
transition
Data fusion
with camera

Using
pedestrian
motion
Unlock

information

VRU detection
usimmg G-sensor

in device

Sidewalk GPS

information

Device detects pedestrian is disabled and includes that
information in the BSM. Vehicle adjusts
warning/information accordingly. Detection of wheelchair
may involve analysis of motion characteristics using G-
sensor (slow moving and without periodic vertical
movement) or with button input by a user. May be used
for blind people, for example, by detecting cane
motion/sound.

Path history of a pedestrian may be used to estimate
likelihood of pedestrian crossing a street. It 1s more likely
if history indicates fast rate of travel (walking/running),
perpendicular to a street, or the like. The likelihood 1s
reflected via an interface. Pedestrian’s movement may be
estimated with a G-sensor, or by detecting a walking or
running rhythm.

If pedestrian 1s detected at night, the headlights may be
made to shine in the direction of the pedestrian. Light
angle changes in the presence of pedestrian or honking a
horn. See also: Data fusion with camera

Detection of a distracted driver by a driver in a following
vehicle, or by surrounding imnfrastructure. One method to
detect a distracted driver is to have a range-sensitive
antenna in the steering wheel. Another method includes a
driver ortented camera. Driver may be warned with a
steering wheel vibration. A driver operating a vehicle
without the use of the driver’s hands (e.g., with knees)
may be detected with a load sensor in the steering

wheel or a touch sensor in the steering wheel.

Methods to detect children using a device with manual
input {(e.g., parental controls), or smart context sensing
(e.g., precise elevation threshold from GPS recerver in the
device). Movement pattern may differentiate children
from adults. Additional information on device may also
be analyzed for identification of a child (e.g., social
media login information).

Detect distracted pedestrian and present different
interface to pedestrian. If pedestrian is texting, vehicle
may produce audible alert (honk horn), if pedestrian is
listening to music, an alert may include both an audible
and a visual component (e.g., flash headlights and honk
horn). For a driver, an interface may show a different
display, timing of alerts may be modified, a wider alarm
zone may be applied, etc. For a blind pedestrian, the
pedestrian’s device may vibrate. The vehicle may prepare
for emergency braking. An interface of the device may
provide an alert. A light sensor may be used to detect if a
device 1s 1n a hand or i1n a pocket.

Vehicle sends a door open message to the device of the
exiting pedestrian. A G-sensor 1n the phone may also be
used to detect the transition to a pedestrian.

Diflferent interface modes are enacted when the camera
cannot detect a pedestrian. If vehicle camera may detect a
pedestrian and DSRC detects pedestrian, the system
shows a particular warning to the driver, especially if a
driver 1s looking forward. If only DSRC detects
pedestrian but camera does not (e.g., non-line-of-sight
propagation or low light/inclement weather scenario)

an interface displays a different alert.

Detect walking, stopping, trotting, and the like. See also:
Path history of pedestrian

Vehicle may predict that pedestrian will not cross a street.
Pedestrian use of key fob (e.g., unlock button) may be
detected. Alerts may be adjusted as appropriate. Internal
signal, key fob, a device, and the like may have dedicated
functions for integration with V2P system.

System may be used to classify certain pedestrians (e.g., a
bicyclist, running pedestrian) as higher priority objects for
alert generation. See also: Path history of pedestrian

Maps data may be used to make adjustments to an
interface 1n order to reduce false alarms. Data may be
further used to anticipate a pedestrian transition to a
driver or a vehicle leaving a parking lot. Information may
be used for advanced parking spot finder applications to

predict a pedestrian destination. See also: Unlock
information

10

15

20

25

30

35

40

45

50

55

65

16
TABLE 2-continued

Exemplary Scenarios for V2P Communications Svstem & Methods

Category Exemplary Embodiment(s)

Inebriated Detect characteristic movements (e.g., wandering,

pedestrian staggering) via motion sensor or path history. Geographic
information such as distance to a public house or bar may
also be used.

Intelligent Estimate safe driving speed using pedestrian mformation

speed such as distance, pedestrian path direction and speed,

adaptation pedestrian distraction level, characteristic movement and

(ISA) using
pedestrian info

the like. Geographic information, such as locations of
sidewalks, crosswalks, or places common pedestrian areas
may also be used. Estimated safe speed may be used to
oulde the driver or the speed may be limited automati-
cally.

Detect a Detect a pedestrian’s distraction state without using a
pedestrian message (BSM) from a pedestrian. One method uses the
distraction difference of a received radio or G-sensor signal from a
state 1n the device 1n a pedestrian’s hand, a pocket or a bag.

absence of a
message from
the pedestrian
Device to
Transportation

A used (e.g., pedestrian) desires to communicate with a
public/private transit operator (e.g., bus driver). Operator
may be alerted to position and destination of the user.

Further Examples

Turning to FIGS. 9-13, example algorithms for use with
a V2P communication system may include vehicle and
pedestrian trajectory prediction. In one aspect, a vehicle
trajectory may be predicted based on a yaw rate of the
vehicle 40 (FIGS. 9 and 10). In one aspect, a yaw rate may
be used to predict a heading of the vehicle 40 in radians
(rad). Thereatter, the warn zone 54 and the warn/brake zone
56 may be determined based on parameters such as a known
or measured lane width of the road 50 1n meters (m), a
bumper oflset of the vehicle 40 1n meters (m), or a velocity
of the vehicle 40 1n meters per second (m/s). The warn zone
54 and the warn/brake zone 56 may correspond to zone 54
and zone 56 illustrated 1n FIG. 6. A warn/brake zone 56 may
include a first distance extending along a path of the vehicle
40 from the front bumper of the vehicle. The first distance
may be determined based on a known or predetermined
warn/brake time 1n seconds (s) multiplied by the current
velocity (m/s) of the vehicle 40. By comparison, a warn zone
54 may 1nclude a second distance extending along a path of
the vehicle 40 from the end of the warn/brake zone 56. The
second distance may be determined based on a known or
predetermined warn time in second (s) multiplied by the
current velocity (m/s) of the vehicle 40.

With reference to FIG. 11, a pedestrian trajectory may be
predicted based on a current heading of a pedestrian 20. A
pedestrian zone 538 may be defined based on parameters such
as a known or estimated width (offset) of the pedestrian 20
in meters (m), a pedestrian warn time (s) or a pedestrian
velocity 1n meters per second (m/s). In one aspect, a pedes-
trian zone 38 may include a distance extending along a path
of the pedestrian 20 from the front of the pedestrian 20 (or
pedestrian offset distance). The distance may be determined
based on a known pedestrian warn time (s) multiplied by the
current velocity (m/s) of the pedestrian 20.

In some embodiments of a V2P communication system,
either a device associated with the pedestrian 20 or a device
associated with vehicle 40 may be used to calculate one or
more of the vehicle trajectory, vehicle warn zone 34, vehicle
warn/brake zone 56, pedestrian trajectory, and pedestrian
zone 58. Moreover, one or more of the atorementioned
calculations may be transmitted as a component of a BSM.
As shown 1n FIGS. 12 and 13, this information may be used
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to determine whether or not a pedestrian zone 58 may
intersect with a vehicle warn zone 54 (FIG. 12) or warn/
brake zone 56 (FIG. 13). In one aspect, 11 a pedestrian zone
58 intersects with a vehicle warn zone 54, then a human
machine nterface (HMI) or other like alert display associ-
ated with vehicle 40 may display an alert 65 indicating a
pedestrian 20 approaching the roadway 50 from the left. In
another aspect, 1f a pedestrian zone 58 intersects with a
vehicle warn/brake zone 56, then an HMI associated with
vehicle 40 may display an alert 66 indicating that the driver
of the vehicle 40 should brake.

Turning to FIGS. 14-16, a further example algorithm for
use with a V2P communication system may include vehicle
and pedestrian heading difference calculations. Using one or
more trajectory prediction techniques, it may be determined
that a pedestrian 20 1s headed 1n a generally parallel direc-
tion to a vehicle 40 (FIG. 14) or that a pedestrian 20 1s
headed in a generally perpendicular (or other angular)
direction to a vehicle 40 (FIG. 15). Accordingly a device
associated with a pedestrian 20 or vehicle 40 may determine
an angle between the heading or trajectory of the pedestrian
20 and the heading or trajectory of the vehicle 40. In a
method 100, a determination may be made 1n a step 102 as
to whether the angle between the headings of the pedestrian
20 and vehicle 40 1s less than about 45 degrees. If the angle
1s less than about 45 degrees (see, e.g., FIG. 14), then 1n a
step 104, a suppressed warning algorithm may be relied
upon for further calculations by a device associated with
either pedestrian 20 or vehicle 40. In one aspect, the device
associated with the vehicle 40 may determine 1n a step 104
to suppress the display of a warning to a driver of the vehicle
40 as a pedestrian 20 travelling parallel to the vehicle 40
may not pose a threat. However, 11 a determination 1s made
that the angle 1s greater than about 45 degrees (see, e.g., FIG.
15), then 1n a step 106, a regular warning algorithm may be
relied upon for further calculations by a device associated
with either pedestrian 20 or vehicle 40. For example, an
HMI associated with the vehicle 40 may provide an alert 635
to the driver of the vehicle 40 indicating that a pedestrian 1s
approaching from the right or left as appropriate.

In some embodiments, a V2P communication system may
include one or more methods for providing a warning or
other alert to one or more pedestrians, one or more vehicle
drivers, or a combination thereof. In one example, a method
200 as shown 1n FIGS. 17 and 18 may include a step 202 of
acquiring vehicle parameters. Acquiring vehicle parameters
can 1nclude measuring or recording information such as the
GPS coordinates of the vehicle, the heading, speed, yaw
rate, or brake state of the vehicle, the level of distraction of
a driver of the vehicle, or other like information. The
information may be acquired by communicating with one or
more system or processor within the vehicle. The vehicle
parameters acquired in the step 202 may then be used 1n a
step 204 1ndividually or in combination with other informa-
tion to predict a path (e.g., a trajectory, heading, or the like)
of the vehicle.

By comparison, a step 206 of the method 200 may include
receiving a message from a pedestrian equipped with a V2P
device. In one aspect, the message recerved 1n the step 206
may include information such as one or more pedestrian
parameters. In another aspect, the message received 1n the
step 206 may simply include an indication that there 1s a
pedestrian 1n the vicinity of the vehicle. Thereafter, a step
208 may include acquiring one or more pedestrian param-
cters such as the GPS coordinates of the pedestrian, the
heading, speed or movement pattern of the pedestrian, the
distraction level of the pedestrian, or other like parameters.
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The parameters acquired 1n the step 208 may be used 1n a
step 210 to predict a pedestrian path. Prediction of a pedes-
trian path 1n the step 208 and prediction of a vehicle path 1n
the step 204 may include a preliminary analysis to determine
whether there 1s any possibility of a collision between the
pedestrian and the vehicle. Accordingly, a step 212 may
include performing threat arbitration to determine the prob-
ability of a collision between a vehicle and two or more
distinct pedestrians. For example, 11 multiple pedestrians are
predicted to have a path that will intersect with a path of the
vehicle, the step 212 may include determining the pedestrian
with the highest probability of intersecting the path of the
vehicle. Alternatively (or in addition), the step 212 may
include determining which of the pedestrians may have the
highest probability of intersecting the warn/brake zone of
the vehicle.

With continued reference to the method 200 1n FIGS. 17
and 18, a step 214 may 1nclude a determination as to whether
a predicted path of the pedestrian intersects with the warn/
brake zone of the vehicle. In one example, the warn/brake
zone of the vehicle may be determined 1n the step 204. It the
path of the pedestrian 1s determined or predicted to intersect
with the warn/brake zone of the vehicle, then 1n a step 216,
an HMI of the vehicle may be actuated to display a corre-
sponding alert, such as the alert 66 1n FIG. 7. By compari-
son, 1f the path of the pedestrian 1s not predicted to intersect
the warn/brake zone of the vehicle 1n the step 214, a
determination may be made as to whether or not a driver of
the vehicle 1s distracted. A determination of a level or
probability of driver distraction may be determined using
any suitable method such as one or more of the methods
described herein. If 1t 1s determined 1n the step 218 that the
driver 1s distracted, then in a step 220, the HMI of the vehicle
may be actuated to display or otherwise provide a corre-
sponding alert, such as an audible alert to the driver. Alter-
natively (or in addition), an alert may be provided to the
pedestrian or a driver of another vehicle indicating the
distracted status of the driver. However, i the determination
1s made that the driver 1s not distracted in the step 218, or 1f
the vehicle HMI 1s actuated 1n the step 220, then the method
200 may proceed to a step 222.

The step 222 may include a determination as to whether
a predicted path of the pedestrian intersects with the warn
zone of the vehicle. In one example, the warn zone of the
vehicle may be determined 1n the step 204. It the path of the
pedestrian 1s determined or predicted to intersect with the
warn zone of the vehicle, then, 1n a step 224, a determination
may be made as to whether or not a warning suppression
teature of the V2P system 1s active 1n a step 224. It the path
of the pedestrian 1s not predicted to intersect the warn zone
of the vehicle 1n the step 222, or 1f a warning suppression
feature of the V2P system 1s determined to be active 1n the
step 22, then 1n a step 226, the HMI of the vehicle may be
actuated to display or otherwise provide a corresponding
alert, such a basic alert indicating the presence of a pedes-
trian to one side of the vehicle.

By comparison, 1f in the step 224 a determination 1s made
that warning suppression 1s not active, then the method 200
may proceed to a step 228, for example, to determine the
status of the pedestrian. The step 228 may include a deter-
mination as to whether or not a pedestrian may be distracted
with a phone call. In one aspect the pedestrian may be
dialing a phone number, receiving a phone call, talking on
the phone, or the like. If a determination 1s made in the step
228 that the pedestrian may be distracted with a phone call,
the vehicle HMI may be actuated 1n a step 230 to display a
directional alert indicating the position of the pedestrian
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relative to the vehicle in addition to an indication of the
pedestrian being distracted with a phone call (see, e.g., alert
64 i FIG. 7).

If 1n the step 228 a determination 1s made that the
pedestrian 1s not distracted with a phone call, then the
method 200 may proceed to a step 232. The step 232 ma
include a determination as to whether or not a pedestrian
may be distracted with a text messaging or internet browsing,
operation. In one aspect the pedestrian may be sending,
reading or receiving a text message, or may be using the
phone to access the internet, interact with a web page, or the
like. If a determination 1s made 1n the step 232 that the
pedestrian 1s distracted with a text message or internet
browsing operation, the vehicle HMI may be actuated in a
step 234 to display a directional alert indicating the position
of the pedestrian relative to the vehicle in addition to an
indication of the pedestrian being distracted with a text
messaging or iternet browsing operation (see, €.g., alert 62
in FIG. 7).

If 1 the step 232 a determination 1s made that the
pedestrian 1s not distracted with a text messaging or internet
browsing operation, then the method 200 may proceed to a
step 236. The step 236 may include a determination as to
whether or not a pedestrian may be distracted listening to
music. In one aspect the pedestrian may be operating a
device to select a song, play a song, or the like. In another
aspect, the device may detect whether the device 1s con-
nected to headphones or a headset. If a determination 1s
made 1n the step 232 that the pedestrian i1s distracted by
listening to music, the vehicle HMI may be actuated in a step
238 to display a directional alert indicating the position of
the pedestrian relative to the vehicle in addition to an
indication of the pedestrian being distracted by listening to
music (see, e.g., alert 63 1 FIG. 7). By comparison, 11 1n the
step 236 a determination 1s made that the pedestrian 1s not
distracted by listening to music, then the method 200 may
proceed to a step 240. The step 240 may include actuating,
the vehicle HMI to display a basic directional alert indicat-
ing the position of the pedestrian relative to the vehicle (see,
e.g., alert 65 1n FIG. 7). It will be appreciated that the
method 200 may include one or more additional classifica-
tion steps 1n order to convey a status of a pedestrian or driver
to another member of a V2P communication system.

The schematic flow charts shown in the figures are
generally set forth as logical flow chart diagrams. As such,
the depicted order and labeled steps are indicative of one
embodiment of the presented methods. Other steps and
methods may be concerved that are equivalent 1n function,
logic, or eflect to one or more steps, or portions thereof, of
the illustrated methods. Additionally, the format and sym-
bols employed in the figures are provided to explain the
logical steps of the method and are understood not to limait
the scope of the methods. Although various arrow types and
line types may be employed, they are understood not to limait
the scope of the corresponding method. Indeed, some arrows
or other connectors may be used to indicate only the logical
flow of the method. For instance, an arrow may indicate a
waiting or monitoring period of unspecified duration
between enumerated steps of the depicted method. Addi-
tionally, the order 1n which a particular method occurs may
or may not strictly adhere to the order of the corresponding
steps shown.

The present invention has been described 1n terms of one
or more preferred embodiments, and 1t should be appreciated
that many equivalents, alternatives, variations, and modifi-
cations, aside from those expressly stated, are possible and
within the scope of the mvention.
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Each reference identified in the present application 1s
herein icorporated by reference in its entirety.

What 15 claimed 1s:

1. A vehicle-to-pedestrian (V2P) communication system,
comprising;

a vehicle operable by a dniver and configured to commu-
nicate with a first V2P device associated with the
vehicle, the first V2P device configured for:

communicating with at least one vehicle system to acquire
vehicle parameters for the vehicle including the first
V2P device, the vehicle parameters including at least
one of a location and a speed of the vehicle;

predicting a future path of the vehicle based on at least one
of the vehicle parameters;

receiving at least one Basic Safety Message (BSM) from
a second V2P device associated with a pedestrian via a
wireless communications channel;

acquiring pedestrian parameters for the pedestrian from
[at least one of the at least one BSM and] the second
V2P device, the pedestrian parameters including at
least one of a position and a speed of the pedestrian;

determining whether the future path of the vehicle inter-
sects with a future path of the pedestrian using the
vehicle parameters, the at least one BSM, and the
pedestrian parameters; and

when the future path of the vehicle intersects with the
future path of the pedestrian, providing [an] a visual
alert to at least one of a driver of the vehicle and the
pedestrian, wherein the visual alert includes a visual
directional indication of a location of the pedestrian
relative to the vehicle and at least one of an indication
that the pedestrian 1s distracted with a phone call, an
indication that the pedestrian 1s distracted with a text-
messaging operation, an mdication that the pedestrian
1s distracted with an Internet browsing operation, and
an indication that the pedestrian 1s distracted by listen-
ing to music.

2. The system of claim 1, wherein the first V2P device 1s
further configured for predicting [a] tke future path of the
pedestrian based on at least one of the pedestrian parameters.

3. The system of claim 1, wherein the first V2P device 1s
further configured for receiving BSMs from a plurality of
V2P devices associated with respective pedestrians, and
performing threat arbitration to determine a probability of a
collision between the vehicle and each one of the pedestri-
ans.

4. The system of claim 1, wherein at least one of the first
V2P device and the second V2P device 1s operable on a
Dedicated Short Range Commumnications (DSRC) network.

5. The system of claim 1, wherein at least one of the first
V2P device and the second V2P device i1s operable to
transmit a Basic Safety Message (BSM).

6. A method of operating a vehicle-to-pedestrian (V2P)
communication system, the method comprising;:

communicating with at least one vehicle system to acquire
vehicle parameters for a vehicle including a first V2P
device, the vehicle parameters including at least one of
a location and a speed of the vehicle;

predicting a future path of the vehicle based on at least one
of the vehicle parameters;

recerving at least one Basic Safety Message (BSM) from
a second V2P device associated with a pedestrian via a
wireless communications channel;

acquiring pedestrian parameters for the pedestrian, the
pedestrian parameters including at least one of a posi-
tion and a speed of the pedestrian;
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predicting a future path of the pedestrian based on at least
one of the pedestrian parameters;

determining whether the future path of the vehicle inter-
sects with the future path of the pedestrian; and

when the future path of the vehicle intersects with the
future path of the pedestrian, providing [an] a visual
alert to at least one of a driver of the vehicle and the
pedestrian, wherein the visual alert includes a visual
directional indication of a location of the pedestrian
relative to the vehicle and at least one of an indication
that the pedestrian 1s distracted with a phone call, an
indication that the pedestrian 1s distracted with a text-
messaging operation, an mdication that the pedestrian
1s distracted with an internet browsing operation, and
an i1ndication that the pedestrian 1s distracted by listen-
ing to music.

7. The method of claim 6, turther including;:

receiving BSMs from a plurality of V2P devices associ-
ated with respective pedestrians; and

performing threat arbitration to determine a probability of

a collision between the vehicle and the pedestrians.

8. The method of claim 6, wherein at least one of the first
V2P device and the second V2P device 1s operable on a
Dedicated Short Range Commumnications (DSRC) network.

9. The method of claim 6, wherein at least one of the first
V2P device and the second V2P device 1s operable to
transmit a Basic Safety Message (BSM).

10. The method of claim 9, wherein the BSM 1ncludes a
classification of the pedestrian.

11. The method of claim 6, wherein the vehicle includes
at least one of an audible alert system and a visual alert
system perceptible by the pedestrian, and wherein the
audible alert system and the visual alert system are actu-
atable by at least one of the first device and the second
device.

12. The method of claim 6, wherein at least one of the first
device and the second device 1s configured to detect at least
one of a drniver-to-pedestrian transition and a pedestrian-to-
driver transition.

13. The method of claim 6, wherein at least one of the first
device and the second device 1s configured for at least one
of distracted driver detection, distracted pedestrian detection
and pedestrian trajectory prediction.

14. A vehicle-to-pedestvian (V2P) communication system,
comprising a vehicle operable by a driver and including a
first V2P device, the first V2P device configured for:

communicating with at least one vehicle system of the

vehicle to acquive vehicle parameters for the vehicle,
the vehicle parameters including at least one of a
location and a speed of the vehicle;

predicting a futurve path of the vehicle based on at least

one of the vehicle parameters;
acquiving pedestrian parameters from a second V2P
device associated with a pedestrian via a wireless
communications channel, the pedestrian parameters
including at least one of a position and a speed of the
pedestrian;
determining whether the future path of the vehicle inter-
sects with a futuve path of the pedestrian using the
vehicle parameters and the pedestvian pavameters; and

when the futuve path of the vehicle intersects with the
Juture path of the pedestrian, displaving a visual alert
to at least one of a driver of the vehicle and the
pedestrian, wherein the visual alert includes a visual
dirvectional indication of a location of the pedestrian
relative to the vehicle.

22

15. The system of claim 14, wherein the first V2P device

is further configured for:
acquiving a plurality of pedestrian parameters from a
plurality of V2P devices associated with a plurality of
d pedestrians via a wireless communications channel, the
plurality of pedestrian parameters including at least

one of a position and a speed of each of the plurality of
pedestrians;

predicting a plurality of future paths of the plurality of
pedestrians based on the plurality of pedestrian param-
eters;

determining which one of the plurality of future paths of
the plurality of pedestrians has a highest probability of
intersecting with the future path of the vehicle.

16. The system of claim 14, wherein.

at least one of the first V2P device and the second V2P
device is configured for detecting whether the pedes-
trian is distracted from attentiveness to a surroundings
of the pedestrian; and

when it is detected that the pedestrian is distracted, the
visual alert further includes a visual indication that the
pedestrian is distracted.

17. The system of claim 16, wherein when it is detected

25 that the pedestrian is distracted, the visual alert varies as a
function of a type of distraction causing the pedestrian to be
distracted.

18. The system of claim 16, wherein detecting whether the

pedestrian is distracted includes detecting at least one of use

30 of a mobile device associated with the pedestrian, movement

of the mobile device, or a current light level to which the

mobile device is exposed.

19. The system of claim 14, wherein:

at least one of the first V2P device and the second V2P

device is configured for detecting whether the driver is
distracted from attentiveness to a surrvoundings of the
driver; and

when it is detected that the driver is distracted, the visual

alert further includes a visual indication that the driver
is distracted.

20. The system of claim 19, wherein detecting whether the
driver is distracted includes detecting at least one of use of
a mobile device associated with the driver, a distance of the
mobile device to a steering wheel, or an interaction between
the driver and a sensor on the steering wheel.

21. The system of claim 14, wherein the visual alert varies
as a function of a velocity of the vehicle and a distance
between the pedestrian and the vehicle.

22. The system of claim 14, wherein:

at least one of the first V2P device and the second V2P

device is configured for detecting whether the pedes-
trian is hidden from a view of the driver; and

when it is detected that the pedestrian is hidden from the

view of the driver, the visual alert further includes a
visual indication that the pedestrian is hidden from the
view of the driver.

23. The system of claim 22, wherein detecting whether the
pedestrian is hidden from a view of the driver includes
detecting a presence of an object between the pedestrian and
60 the vehicle.

24. A method of operating a vehicle-to-pedestvian (V2P)
communication system, the method comprising:

communicating with at least one vehicle system of a

vehicle to acquive vehicle parameters for the vehicle
including a first V2P device, the vehicle parvameters
including at least one of a location and a speed of the
vehicle;
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predicting a future path of the vehicle based on at least
one of the vehicle parameters;

acquiving pedestrian parameters from a second V2P
device associated with a pedestrian via a wireless
communications channel, the pedestrian parameters
including at least one of a position and a speed of the
pedestrian;

predicting a future path of the pedestrian based on at least
one of the pedestrian pavameters;

determining whether the future path of the vehicle inter-
sects with the future path of the pedestrian; and

when the future path of the vehicle intersects with the
Juture path of the pedestrian, displayving a visual alert
to at least one of a driver of the vehicle and the
pedestrian, wherein the visual alert includes a visual
dirvectional indication of a location of the pedestrian
relative to the vehicle.

25. The system of claim 24, the first V2P device is further
configured for:

acquiring a plurality of pedestrian parameters from a -,

plurality of V2P devices associated with a plurality of
pedestrians via a wireless communications channel, the
plurality of pedestrian parameters including at least
one of a position and a speed of each of the plurality of
pedestrians;

predicting a plurality of future paths of the plurality of
pedestrians based on the plurality of pedestrian param-
elers;

determining which one of the plurality of future paths of

the plurality of pedestrians has a highest probability of

intersecting with the future path of the vehicle.

26. The system of claim 24, wherein.

at least one of the first V2P device and the second V2P
device is configured for detecting whether the pedes-
trian is distracted from attentiveness to a surroundings
of the pedestrian;

when it is detected that the pedestrian is distracted, the
visual alert further includes a visual indication that the
pedestrian is distracted.
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27. The system of claim 26, wherein when it is detected
that the pedestrian is distracted, the visual alert varies as a
function of a type of distraction causing the pedestrian to be
distracted.

28. The system of claim 26, wherein detecting whether the
pedestrian is distracted includes detecting at least one of use
of a mobile device associated with the pedestrian, movement
of the mobile device, or a currvent light level to which the
mobile device is exposed.

29. The system of claim 24, wherein:

at least one of the first V2P device and the second V2P

device is configured for detecting whether the driver is
distracted from attentiveness to a surroundings of the
driver: and

when it is detected that the driver is distracted, the visual

alert further includes a visual indication that the driver
is distracted.

30. The system of claim 29, wherein detecting whether the
driver is distracted includes detecting at least one of use of
a mobile device associated with the driver, a distance of the
mobile device to a steering wheel, or an interaction between
the driver and a sensor on the steering wheel.

31. The system of claim 24, wherein the visual alert varies
as a function of a velocity of the vehicle and a distance
between the pedestrian and the vehicle.

32. The system of claim 24, wherein:

at least one of the first V2P device and the second V2P

device is configured for detecting whether the pedes-
trian is hidden from a view of the driver; and

when it is detected that the pedestrian is hidden from the

view of the driver, the visual alert further includes a
visual indication that the pedestrian is hidden from the
view of the driver.

33. The system of claim 32, wherein detecting whether the
pedestrian is hidden from the view of the driver includes
detecting a presence of an object between the pedestrian and
the vehicle.
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