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TRAFFIC DENSITY SENSITIVITY SELECTOR

RELATED APPLICATION
[0001] This application claims priority to Provisional Application Serial Number 61/969,123
filed March 22, 2014 entitled “Approach Warning for a Police Vehicle”; Provisional Application
Serial Number 61/969,124 filed March 22, 2014 entitled “Approach Warning for a Police
Vehicle”; Provisional Application Serial Number 61/969,126 filed March 22, 2014 entitled
“Emergency Vehicle Maneuver Notification”; Provisional Application Serial
Number 61/969,122 filed March 22, 2014 entitled “Tracking a Suspect From a Vehicle” and
Application Serial Number 14/611,848 filed February 2, 2015 entitled “Traffic Density
Sensitivity Selector” , each of which provisional applications are hereby incorporated herein by

reference in their respective entireties.

BACKGROUND
[0002] Police officers are at risk of being injured or killed when struck by passing vehicles
while responding to roadway incidents. In some cases, the officer is directly struck by the
passing vehicle while standing outside a cruiser (e.g., standing next to a vehicle on a road
shoulder while processing a traffic ticket, accident, etc.). In others cases, a police cruiser or
another vehicle is struck, pushing a vehicle into the officer. There are a variety of situations that
can result in a passing vehicle striking the police officer, including driver distraction, driving

under the influence of drugs or alcohol, loss of consciousness, loss of vehicle control, etc.

SUMMARY OF THE INVENTION
[0003] According to a first aspect of the present invention, there is provided a system as set
forth in claim 1 of the appended claims.
[0004] According to a second aspect of the present invention, there is provided a method as

set forth in claim 11 of the appended claims.



DRAWINGS
[0005] Figure 1 is a block diagram of an exemplary vehicle.
[0006] Figure 2A is a block diagram of a police vehicle and a passing vehicle.
[0007] Figure 2B is a block diagram of a police vehicle and passing vehicles.
[0008] Figure 3 1s a diagram of an exemplary process for vehicle approach detection,

warning, and/or action.

DETAILED DESCRIPTION

SYSTEM OVERVIEW

[0009] As illustrated in Figure 2A, a first vehicle 102 may approach an incident location,
e.g., a traffic stop location at which a police officer has pulled over yet another vehicle 103), that
includes a stopped emergency vehicle 101 such as a police cruiser, whereupon a warning may be
provided to or in the vehicle 101, e.g., in circumstances such as described herein, e.g., in time for
a vehicle 101 to be moved, for an officer or other pedestrian near the vehicle 101 to take evasion
action, for the first vehicle 102 to make an evasive maneuver, or by applying communicating to
the second vehicle 102 to provide automatic steering input to the passing second vehicle 102 to
help avoid a collision.

[00010] Figure 2B illustrates another example of a first vehicle 102 approaching an incident
location. Whereas Figure 2A illustrates a low traffic density environment, Figure 2B illustrates a
higher traffic density environment, i.e., multiple second vehicles 102 are present near, and
passing, the incident location. As disclosed herein, traffic density may be taken into account in
determining when a warning concerning a passing vehicle 102 should be provided to or in the
vehicle 101. Traffic density may be defined as a number of vehicles in a pre-determined area,
possibly within a predetermined period of time. For example, the predetermined area may be an
area of a roadway within a predetermined distance (also referred to herein as a “reference”
distance), e.g., one-half mile, one mile, etc. of a first vehicle 101. A predetermined period of
time (which also may be referred to as a “reference” time) may be a number of seconds, e.g., five
seconds, ten seconds, etc. However, the predetermined period of time may be omitted, and

traffic density may simply be measured for a given moment in time. Moreover, as disclosed



herein the sensitivity of a tracking and/or warning system may be adjusted by adjusting a
threshold traffic density for raising an alarm, taking an evasive action, etc. That is, traffic
density sensitivity may be defined as a threshold traffic density at which an action such as a
warning or evasive maneuver may be taken.

[00011] With reference to Figure 1, an approach warning system and method as disclosed
herein may be deployed and used in vehicles such as the vehicle 101. The system and method
are generally in implemented in and/or include a computer 105 in the vehicle 101. The
computer 105 generally receives data from one or more data collectors 110, e.g., sensors,
deployed in an interior and/or exterior of the vehicle 101. In general, the computer 105 may be
equipped to provide information relating to activity in a detection zone 200 (see Figures 2A, 2B),
1.e., an area typically defined by a distance at which sensors 110 in the vehicle 101 are able to
obtain reliable and useful data 115 for the approach warning system and method.

[00012] Figure 1 is a block diagram of an exemplary vehicle 101 equipped for approach
detection and warning. The vehicle 101 generally includes one or more sensor data

collectors 110, used to detect and identify a vehicle 101, such as a police or other emergency or
service vehicle that may be stopped on or near a roadway. When a vehicle 101 is detected on or
near the roadway, an occupant of the vehicle 101 can be warned with an audible, visual, and/or
haptic signal, and or by output from a device connected to the computer 105 via a wireless
technology, e.g., wi-fi, cellular technology, etc. Likewise, vehicle-to-vehicle (V2V)
communications could be used so that the driver of the passing vehicle 101 is warned with an
audible, visual, and/or haptic signal. Additionally, automatic steering input can be applied to the
passing vehicle 102 to guide it toward the lane markings or toward a clear path.

[00013] As stated above, a vehicle 101 includes a vehicle computer 105. The vehicle 101 is
generally a land-based vehicle having three or more wheels, e.g., a passenger car, light truck, etc.
The computer 105 generally includes a processor and a memory, the memory including one or
more forms of computer-readable media, and storing instructions executable by the processor for
performing various operations, including as disclosed herein. Further, the computer 105 may
include and/or be communicatively coupled to more than one computing device, €.g., controllers
or the like included in the vehicle 101 for monitoring and/or controlling various vehicle

components, €.g., an engine control unit, transmission control unit, etc. The computer 105 is



generally configured, i.e., could include hardware and/or software, for communications on a
controller area network (CAN) bus or the like. The computer 105 may also have a connection to
an onboard diagnostics connector (OBD-II).

[00014] Via the CAN bus, OBD-II, and/or other wired or wireless mechanisms, the

computer 105 may transmit messages to various devices in a vehicle and/or receive messages
from the various devices, e.g., controllers, actuators, sensors, etc., including data collectors 110.
Alternatively or additionally, in cases where the computer 105 actually comprises multiple
devices, the CAN bus or the like may be used for communications between devices represented
as the computer 105 in this disclosure. In addition, the computer 105 may be configured for
communicating with other devices via various wired and/or wireless networking technologies,
e.g., cellular, Bluetooth, a universal serial bus (USB), wired and/or wireless packet networks, etc.
[00015] Data collectors 110 may include a variety of devices. For example, as illustrated in
Figure 1, data collectors 110 can include one or more ultrasonic sensors, cameras, lidar sensors,
radar sensors, infrared sensors, etc.

[00016] Further, the foregoing examples are not intended to be limiting; other types of data
collectors 110 could be used to provide data 115 to the computer 105. For example, various
controllers in a vehicle 101 may operate as data collectors 110 to provide data 115 via the CAN
bus, e.g., data 115 relating to vehicle 101 speed, acceleration, etc. Further, sensors or the like,
global positioning system (GPS) equipment, etc., could be included in a vehicle 101 and
configured as data collectors 110 to provide data directly to the computer 105, e.g., via a wired
or wireless connection.

[00017] A memory of the computer 105 generally stores collected data 115. Collected

data 115 may include a variety of data collected in a vehicle 101. Examples of collected

data 115 may include measurements relating to a position, velocity, and size (e.g., length, width,
height, radar cross section) of target(s) such as a suspect in or near a detection zone 200.

Data 115 may additionally include data calculated therefrom in the computer 105. In general,
collected data 115 may include any data that may be gathered by a collection device 110 and/or
computed from such data.

[00018] The vehicle 101 generally includes a human machine interface (HMI) 120. In
general, the HMI 120 is equipped to accept inputs for, and/or provide outputs from, the



computer 105. For example, the vehicle 101 may include one or more of a display configured to
provide a graphical user interface (GUI) or the like, an interactive voice response (IVR) system,
audio output devices, mechanisms for providing haptic output, e.g., via a vehicle 101 steering
wheel or seat, etc. Further, a user device, e.g., a portable computing device such as a tablet
computer, a smart phone, or the like, may be used to provide some or all of an HMI 120 to a
computer 105. For example, a user device could be connected to the computer 105 using
technologies discussed above, e.g., USB, Bluetooth, etc., and could be used to accept inputs for

and/or provide outputs from the computer 105.

EXEMPLARY OPERATIONS

[00019] Exemplary operations of the computer 105, e.g., collecting and/or using data 115,
may include some of all of the following (such operations may be further alternatively and/or
additionally described in Appendix A attached hereto):

e Sensor(s) (e.g. radar, lidar, video) mounted on the police vehicle 101 determine a
distance, speed, and/or trajectory of passing vehicles 102. Alternately or additionally,
this data 115 can be determined from a V2Vcommunication system.

e Ifa passing vehicle 102 is on a path toward the police vehicle 101 or is in an adjacent
lane, the computer 105 will provide an audible and/or visual warning that can be heard
outside the vehicle 101 (e.g. from the horn, siren, or police lights) to warn the vehicle 101
occupant, e.g., a police officer. The warning will be provided at an appropriate time
based on a speed of the approaching vehicle 102, the range of vehicle 101 sensors 110,
and a typical reaction time such that the police officer or other occupant can react in
critical situations and to reduce occurrence of false activations of the computer 105.

o If the passing vehicle 102 is on a path toward a pedestrian such as a police officer, an
audible chirp from the vehicle 101 horn or police siren can be activated to warn that
vehicle 102 and/or the pedestrian.

e A traffic density estimator can be used to enable/disable or set the traffic density
sensitivity of the warning system. In situations where high traffic density is detected, this
estimator may disable the warning or only warn when a passing vehicle 102 is on a
collision course. Traffic density can be estimated based on how frequently vehicles 102
pass by (measured by vehicle 101 sensors), time, date, recent traffic observations made
by vehicle 101 sensors, or by received traffic data 115, e.g., the computer 105 could
receive such data from a remote server via a wireless, e.g., cellular, data connection.

e A vehicle 101 could include various types of vehicles, e.g., police cars, police
motorcycles, fire trucks, ambulances, construction equipment, sanitation trucks, etc., that
frequently stop or drive slowly near traffic.



e [Ifa passing vehicle 102 is driving faster than the speed limit, an audible chirp from a
siren of a vehicle 101 can be activated to warn the vehicle 102. For this feature, speed
limit information from a map would be needed as an input.

e The warning system can be enabled or disabled by the vehicle 101 driver or an
administrator. It can also be enabled automatically when the vehicle 101 enters a
specified state (e.g. every time it comes to a stop).

EXEMPLARY PROCESS FLOW

[00020] Figure 3 is a diagram of an exemplary process for vehicle approach detection,
warning, and/or action. In general, actions performed as part of the process 300 may be
performed by the computer 105 in an emergency, e.g., police, vehicle 101, i.e., according to
instructions stored in a memory of, and executable by a processor of, the computer 105.

[00021] The process 300 begins in a block 305, in which operation of an emergency vehicle
alert and/or warning system commences or continues. For example, the computer 105 could be
programmed to initiate the process 300 on receiving a user input. Further, alternatively or
additionally, the computer 105 could be programmed to begin running the system when a
vehicle 101 enters a drive or cruising mode, e.g., a transmission of the vehicle is moved from a
“park” state to a “drive” state. If the system has been initiated, then the process 300 proceeds to
a block 306. Otherwise, the process 300 proceeds to a block 350.

[00022] Next, in a block 306, the computer 105 obtains and/or generates collected data 115
related to nearby objects. For example, collected data 115 may be obtained from one or more
data collectors 110, as explained above. Further, collected data 115 may be computed from other
data 115 as explained above, obtained directly from a data collector 110. Moreover, collected
data 115 may be obtained from a remote source, e.g., a server or the like communicating with the
computer 105 via a cellular connection or the like, the server being located in a remote data
center, dispatch center, etc. In any event, in the block 306, collected data 115 obtained by the
computer 105 may include data 115 such as described above.

[00023] Next, in a block 308, the computer 105 makes a preliminary traffic density
determination. For example, the computer 105 may determine a number of objects within a
predetermined area, e.g., on a roadway within a predetermined distance, e.g., a half mile, a mile,

etc., of the vehicle 101. The computer 105 may then count the number of objects determined to



be moving vehicles 102, and compute a traffic density that is a number of vehicles 102 within the
predetermined area, e.g., 10 vehicles 102 per mile. Further, the computer 105 may make a
preliminary evaluation of traffic density, e.g., low, medium, or high, according to predetermined
thresholds. For example, less than five cars within a predetermined area, e.g., a mile of roadway,
could be considered a low density. 5 to 10 cars within the predetermined area could be
considered a medium density. To continue the example, over 10 cars within the predetermined
area could be considered a high traffic density. The computer 105 may also take into account an
average detected speed of other cars 102 and/or of the vehicle 101 in evaluating traffic density
according to thresholds. For example, 10 cars within an area could be considered a low density
if vehicles 101, 102 are moving at relatively low speeds, e.g., less than 30 miles per hour, but
could be considered a high density if vehicles 101, 102 moving at relatively high speeds, e.g.,
greater than 60 miles per hour.

[00024] In a block 310, the computer 105 determines whether the vehicle 101 has come to a
parked position, e.g., stopped and placed in a “park” transmission mode. In some cases, the
computer 105 may further determine whether the vehicle 101 has been parked after being in a
pursuit mode or the like. In any case, if the determination of the block 310 is affirmative, then a
block 312 is executed next. Otherwise, the process 300 proceeds to the block 350.

[00025] In the block 312, the computer 105 determines whether the system is permitted to
take action, e.g., provide a warning, providing a warning or alert, taking evasive action, e.g.,
automatically driving forward, backward, to the side, and/or to a location to avoid a collision,
etc., upon determining that a vehicle 102 approaching the vehicle 101 presents a risk. For
example, user input, e.g. input from a driver or occupant of the vehicle 101 could be provided.
Alternatively, the computer 105 could be programmed to automatically permit actions to be
taken upon determining a risk from an approaching vehicle 102. If the system is not permitted to
take action, then the process 300 proceeds to the block 350. Otherwise, the process 300 proceeds
to the block 314.

[00026] In the block 314, the computer 105 makes a determination of traffic density. For
example, a current traffic density could be determined as described above with respect to the

preliminary traffic density.



[00027] Following the block 314, in a block 316, the computer 105 receives inputs relevant to
determining traffic density sensitivity of the system. For example, an occupant or driver of the
vehicle 101 could indicate a sensitivity adjustment, e.g., make the system less sensitive to traffic
density by specifying a higher threshold of traffic density than a default threshold to cause an
action such as a warning, evasive action, etc. to be taken. Further, the computer 105 could
receive data 115 providing other relevant factors, e.g., time of day, ambient light, weather
conditions such as presence or absence of fog, precipitation, etc., road conditions, e.g., slippery
and/or wet, etc.

[00028] Following the block 316, in a block 318, the computer 105 selects a traffic density
sensitivity. For example, where traffic density is over a threshold associated with a high traffic
density, the system could be set to be sensitive, i.e., respond with a warning and/or evasive
action, to approaching vehicles within a first predetermined distance. Further, where traffic
density is between thresholds associated with low and high traffic densities, e.g., medium, the
system could be set to be moderately sensitive, i.e., respond with a warning and/or evasive action
to approaching vehicles within a second predetermined distance that is greater than the first
predetermined distance. In a like manner a third predetermined distance greater than the second
predetermined distance could be associated with low traffic densities, 1.e., traffic densities below
a threshold traffic density associated with low densities.

[00029] Following the block 318, in a block 320, the computer 105 collects data 115 related to
nearby objects, e.g., in a manner described above with respect to the block 306.

[00030] Following the block 320, in a block 322, the computer 105 monitors and/or tracks
detected nearby objects. For example, the computer 105 generates, or in the case of a second or
later iteration of the process 300, updates, a virtual map, discussed further below with respect to
the block 322, of the vehicle 102 surroundings. For example, a map update may be performed
substantially continuously, e.g., after a predetermined amount of time, e.g., 100 milliseconds, has
elapsed since the virtual map was last updated, or, an amount of time that data 115 has been
collected, in the case of a first iteration of the process 300. The virtual map may store a

vehicle 102 location, speed, an orientation of the vehicle 102 and/or certain vehicle 102

components, €.g., an orientation of vehicle 102 wheels, as well as a vehicle 101 location, a



location of other vehicles, e.g., the vehicle 103 and/or other vehicles 102, and/or other targets, as
well as “breadcrumbs” or the like indicating movement of one or more objects.

[00031] A virtual map of the vehicle 101 surroundings such as is generated or updated in the
block 322 generally includes a three-dimensional coordinate system having an origin located
with reference to the vehicle 101, e.g., at an intersection of horizontal, longitudinal, and vertical
axes of the vehicle 101. Further, the virtual map generally includes an identification and location
of objects, e.g., one or more vehicles 102, 103, possibly other objects such as bicycles,
pedestrians, etc.

[00032] Data 115 from different data collectors 110 may be used by itself or in combination
with data from other types of data collectors 110. For example, data 115 from one or more
sensors 110 may be used in combination with data 115 from other data collectors 110, e.g. image
data 115 from a vehicle 101 camera 110 could be used with radar data 115, lidar data 115, etc.
For example, radar data 115 could indicate a likely presence of an object with respect to a
vehicle 102, whereupon image data 115 could be used, based on image recognition techniques,
to confirm and/or augment identification of the object.

[00033] Following the block 322, in a block 324, the computer 105 determines whether any
detected objects, including a vehicle 102, but possibly also including other objects such as other
vehicles, are a threat to the vehicle 101 and/or a person, e.g., a police officer or emergency
worker, standing near the vehicle 101. As explained above, a threat may be determined
according to a traffic density sensitivity selected as described above with respect to the

block 318. For example, depending on a traffic density sensitivity, and a speed, heading, and/or
other characteristics of a vehicle 102. e/g. indicating that the vehicle 102 will pass within a
predetermined distance, e.g., 5 meters, of the vehicle 101, 1.e. poses a risk of colliding with a
vehicle 101 and/or a person or other vehicle near the vehicle 101, a vehicle 102 may be deemed a
threat to the vehicle 101. If such threat is detected, then a block 328 is executed next.

Otherwise, the process 300 proceeds to a block 326.

[00034] In the block 326, the computer 105 determines whether a vehicle 101 stop is over.
For example, the vehicle 101 may have been participating in a service stop, emergency stop,

traffic ticket stop, etc. When the stop is over, the vehicle 101 may be started, placed into a



“drive” transmission mode, etc. If the stop is not over, then the process 300 returns to the

block 322. If the stop is over, then the process 300 proceeds to the block 350.

[00035] In a block 328, the computer 105 determines whether a vehicle 101 horn is enabled.
If so, the process 300 proceeds to a block 335, whereupon the computer 105 causes the

vehicle 101 horn to be sounded. Following the block 335, or the block 328, if horn output is not
enabled, a block 330 is executed.

[00036] In a block 330, the computer 105 determines whether external outputs that may be
used for a warning are enabled, e.g., siren, lights, etc. if so, the process 300 proceeds to a

block 344 use of such outputs. Otherwise, the process 300 returns to the block 305.

[00037] In the block 340, external warnings, such as sirens, lights, etc., on a vehicle 101 are
activated.

[00038] Following the block 340, in a block 345, a vehicle 101 HMI may be updated, e.g., a
display may display a visual warning of a possible collision with a vehicle 101, haptic output
may be provided on a vehicle 101 steering wheel, audio output may be provided, etc. Further, it
is possible that the computer 105 may exert a control action on the vehicle 101, e.g., related to
steering, lane keeping, braking, etc. Following the block 345, the process 300 returns to the
block 305.

[00039] Possibly following the block 305, in addition to the block 320 discussed above, is a
block 350, wherein is determined whether the process 300 should continue. For example, if the
computer 105 is powered off, an operator has provided input to cease collecting data 115 relating
and/or to cease vehicle 101 operations, etc., the process 300 may end. If such determination is

not made, the process 300 returns to the block 305.
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CONCLUSION

[00040] The term “police” as used herein may refer to various public and/or private law
enforcement and/or security operations, in addition to referring to a formal police department.
[00041] Computing devices such as those discussed herein generally each include instructions
executable by one or more computing devices such as those identified above, and for carrying
out blocks or steps of processes described above. For example, process blocks discussed above
may be embodied as computer-executable instructions.

[00042] Computer-executable instructions may be compiled or interpreted from computer
programs created using a variety of programming languages and/or technologies, including,
without limitation, and either alone or in combination, Java™, C, C++, Visual Basic, Java Script,
Perl, HTML, etc. In general, a processor (e.g., a microprocessor) receives instructions, e.g., from
a memory, a computer-readable medium, etc., and executes these instructions, thereby
performing one or more processes, including one or more of the processes described herein.

Such instructions and other data may be stored and transmitted using a variety of
computer-readable media. A file in a computing device is generally a collection of data stored
on a computer readable medium, such as a storage medium, a random access memory, etc.
[00043] A computer-readable medium includes any medium that participates in providing data
(e.g., instructions), which may be read by a computer. Such a medium may take many forms,
including, but not limited to, non-volatile media, volatile media, etc. Non-volatile media
include, for example, optical or magnetic disks and other persistent memory. Volatile media
include dynamic random access memory (DRAM), which typically constitutes a main memory.
Common forms of computer-readable media include, for example, a floppy disk, a flexible disk,
hard disk, magnetic tape, any other magnetic medium, a CD-ROM, DVD, any other optical
medium, punch cards, paper tape, any other physical medium with patterns of holes, a RAM, a
PROM, an EPROM, a FLASH-EEPROM, any other memory chip or cartridge, or any other
medium from which a computer can read.

[00044] In the drawings, the same reference numbers indicate the same elements. Further,
some or all of these elements could be changed. With regard to the media, processes, systems,
methods, etc. described herein, it should be understood that, although the steps of such processes,

etc. have been described as occurring according to a certain ordered sequence, such processes

11



could be practiced with the described steps performed in an order other than the order described
herein. It further should be understood that certain steps could be performed simultaneously, that
other steps could be added, or that certain steps described herein could be omitted. In other
words, the descriptions of processes herein are provided for the purpose of illustrating certain

embodiments, and should in no way be construed so as to limit the claimed invention.
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CLAIMS

1. A system, comprising a computer that includes a processor and a memory, wherein the
computer is programmed to:

collect data related one or more objects proximate to a first vehicle, the one or more
objects including a second vehicle;

use the collected data to generate a virtual map of the one or more objects including the
second vehicle;

determine that the second vehicle is likely to pass within a predetermined distance of the
first vehicle, thereby identifying a threat of a collision; and

initiate an action based on the threat;

wherein the predetermined distance is determined by comparing a current traffic density

to a predetermined traffic density threshold.

2. The system of claim 1, wherein the computer is further programmed to adjust the traffic
density threshold based on an average speed of a plurality of vehicles in a predetermined area

that includes the first vehicle.

3. The system of claim 1 or 2, wherein the computer is further programmed to collect the

data related one or more object when the vehicle is in a drive mode.

4. The system of claim 3, wherein the computer is further programmed to:

detect that the vehicle has transitioned from the drive mode to a park mode;

continue collecting the data related one or more object; and

determine that the second vehicle is likely to pass within a predetermined distance of the
first vehicle based at least in part on at least one datum collected after the first vehicle has

transitioned to the park mode.

S. The system of claim 4, wherein the computer is further programmed to adjust the traffic
density threshold based at least in part on at least one datum collected after the first vehicle has

transitioned to the park mode.

13



6. The system of any preceding claim, wherein the action includes at least one of actuating
at least one vehicle light, actuating a vehicle siren, actuating a vehicle horn, changing a first

vehicle speed, and changing a first vehicle direction.

7. The system of any preceding claim, wherein the collected data includes a position of the

second vehicle.

8. The system of any preceding claim, wherein the collected data includes at least one of

ultrasonic, image, radar, lidar, and infrared data.

9. The system of any preceding claim, wherein the computer is further programmed to

provide information to a remote device based on the collected data.

10. The system of any preceding claim, wherein the computer is further programmed to

adjust the reference distance upon detecting a change in the traffic density.

11. A method, comprising:

collecting data related one or more objects proximate to a first vehicle, the one or more
objects including a second vehicle;

using the collected data to generate a virtual map of the one or more objects including the
second vehicle;

determining that the second vehicle is likely to pass within a predetermined distance of
the first vehicle, thereby identifying a threat of a collision; and

initiating an action based on the threat;

wherein the predetermined distance is determined by comparing a current traffic density

to a predetermined traffic density threshold.

14



12. The method of claim 11, further comprising adjusting the traffic density threshold based
on an average speed of a plurality of vehicles in a predetermined area that includes the first

vehicle.

13. The method of claim 11 or 12, further comprising collecting the data related one or more

object when the vehicle is in a drive mode.

14. The method of claim 13, further comprising:
detecting that the vehicle has transitioned from the drive mode to a park mode;
continuing collecting the data related one or more object; and
determining that the second vehicle is likely to pass within a predetermined distance of
the first vehicle based at least in part on at least one datum collected after the first vehicle has

transitioned to the park mode.

15. The method of claim 14, further comprising adjusting the traffic density threshold based
at least in part on at least one datum collected after the first vehicle has transitioned to the park

mode.
16. The method of claims 11 to 15, wherein the action includes at least one of actuating at
least one vehicle light, actuating a vehicle siren, actuating a vehicle horn, changing a first vehicle

speed, and changing a first vehicle direction.

17. The method of claims 11 to 16, wherein the collected data includes a position of the

second vehicle.

18. The method of claims 11 to 17, wherein the collected data includes at least one of

ultrasonic, image, radar, lidar, and infrared data.

19. The method of claims 11 to 18, further comprising providing information to a remote

device based on the collected data.
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20. The method of claims 11 to 19, further comprising adjusting the reference distance upon

detecting a change in the traffic density.
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