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TUNNEL ACCIDENT DETECTION

BACKGROUND
[0001]  Telematics sometimes refers to the concept of incorporating telecommunications
technology into automobiles. Telematics, therefore, allow the automobile to communicate with
satellites, remote servers, and possibly other vehicles. Thus, telematics may help implement satellite
navigation, vehicle tracking, emergency communications, etc., in automobiles.
BRIEF DESCRIPTION OF THE DRAWINGS
[0002] FIG. 1 illustrates an example vehicle in communication with a server for detecting
potential accidents 1n a tunnel.
[0003] FIG. 2 is a block diagram illustrating example components of the vehicle and of the
server.
[0004] FIG. 3 1s a tlowchart of an example process that may be executed by the server to detect
vehicle accidents in a tunnel.
DETAILED DESCRIPTION
[0005]  Certain telecommunications are inhibited by tunnels. While in a tunnel, the vehicle may
lose its ability to wirelessly communicate with anything outside the tunnel. This could disrupt
satellite and terrestrial radio, navigation, tratfic data, cellular communications, or the like.
[0006] Communication disruptions caused by tunnels also make it difficult to report accidents
that occur inside the tunnel. The people closest to the accident may not have sufticient signal
strength to call emergency services. This means that someone outside the tunnel, or near the
entrance or exit to the tunnel, with a stronger communication signal needs to call emergency
services. It may take time for someone aware of the accident to get to a location with sufticient
signal strength to call emergency services, especially if the tunnel 1s several miles long. Thus, simply
reporting the accident can take quite some time.
[0007]  One solution includes a computer, in a remote server, that monitors vehicles entering and
exiting the tunnel and determines, from the amount of time the vehicle is in the tunnel given the
length of the tunnel and the tratfic conditions, whether an accident may have occurred inside the
tunnel. An example of such a computer includes a memory and a processor programmed to execute
instructions stored in the memory. The instructions include estimating a target time defined as an

amount of time a vehicle will be in a tunnel, determining that the target time has elapsed, and
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sending an emergency notification as a result of determining that the vehicle has not exited the
tunnel before the target time elapsed.

[0008]  The target ime may be estimated based at least in part on a length of the tunnel and one
of a vehicle speed and a posted speed limit. Alternatively or in addition, the target time may be
estimated based at least in part on a trattfic factor based on a predicted amount of trattic in the
tunnel. In this instance, the instructions may further include selecting the traftic factor based on the
predicted amount of traftic in the tunnel. Selecting the tratfic factor may include querying a
database.

[0009]  In one possible implementation, determining that the target time has elapsed includes
determining that the vehicle has arrived at the tunnel, periodically incrementing a time value, and
comparing the time value to the target time. Determining that the target time has elapsed may
include determining that the target time has elapsed as a result of determining that the time value is
equal to or greater than the target time. The instructions may further include commanding a timer to
start incrementing the time value as a result of determining that the vehicle has arrived at the tunnel.
Periodically incrementing the time value may include waiting a unit of time before commanding the
timer to increment the time value.

[0010]  The instructions executed by the processor may further include generating the emergency
notification and queuing the emergency notification. Generating the emergency notification may
include querying a database for at least one of emergency contact information and emergency service
provider information and addressing the emergency notification to at least one of an emergency
contact defined by the emergency contact information and an emergency service provider defined by
the emergency service provider information.

[0011]  In another possible approach, the instructions include estimating a target time defined as
an amount of time a vehicle will be in a tunnel, queuing an emergency notification, detecting that the
vehicle has exited the tunnel before the target time has elapsed, and deleting the emergency
notification from the queue as a result of determining that the vehicle has exited the tunnel before
the target time elapsed.

[0012]  In this approach, the target time may be estimated based at least in part on a length of the
tunnel and one of a vehicle speed and a posted speed limit. Also or alternatively, the target time may
be estimated based at least in part on a trattic factor based on a predicted amount of traftic in the

tunnel. In that instance, instructions may further include selecting the traftic factor based on the
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predicted amount of traffic in the tunnel. Selecting the tratfic factor may include querying a
database.

[0013]  Detecting that the vehicle has exited the tunnel before the target time has elapsed may
include includes instructions for reestablishing communication with the vehicle before the target
time has elapsed.

[0014]  In some possible approaches, the instructions may further include generating the
emergency notification by querying a database for at least one of emergency contact information and
emergency service provider information and addressing the emergency notification to at least one of
an emergency contact defined by the emergency contact information and an emergency service
provider defined by the emergency service provider information.

[0015]  An example method includes estimating a target time defined as an amount of time a
vehicle will be 1n a tunnel, determining that the target time has elapsed, and sending an emergency
notification as a result of determining that the vehicle has not exited the tunnel before the target
time elapsed.

[0016] In the method, the target time may be estimated based at least in part on a trattic factor
based on a predicted amount of tratfic in the tunnel. Determining that the target time has elapsed
may include determining that the vehicle has arrived at the tunnel, commanding a timer to begin
incrementing a time value, comparing the time value to the target time to determine if the time value
1s equal to or greater than the target time, and determining that the target time has elapsed as a result
of determining that the time value is equal to or greater than the target time.

[0017]  In some instances, the method may further include generating the emergency notification
by querying a database for at least one of emergency contact information and emergency service
provider information and addressing the emergency notification to at least one of an emergency
contact defined by the emergency contact information and an emergency service provider defined by
the emergency service provider information and queuing the emergency notitication for sending to
at least one of the emergency contact and the emergency service provider.

[0018]  The elements shown may take many different forms and include multiple and/or
alternate components and facilities. The example components illustrated are not intended to be
limiting. Indeed, additional or alternative components and/or implementations may be used.
Further, the elements shown are not necessarily drawn to scale unless explicitly stated as such.

[0019]  Asillustrated in FIG. 1, a target vehicle 100 communicates with a server 105 prior to
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entering a tunnel 110. Although illustrated as a sedan, the target vehicle 100 may include any
passenger or commercial automobile such as a car, a truck, a sport utility vehicle, a crossover vehicle,
a van, a minivan, a taxi, a bus, etc. The target vehicle 100 sends a message to the server 105 when
the target vehicle 100 1s approaching a tunnel 110. In some instances, the target vehicle 100 reports
information to the server 105, and the information may include the length of the tunnel 110, trattic
data (i.e., traftic congestion, the speed limit, etc.), the present vehicle speed, an expected vehicle
speed, or the like.

[0020]  The server 105 1s a computer implemented via circuits, chips, or other electronic
components that detects when the target vehicle 100 1s about to enter the tunnel 110 and estimates
an amount of time (e.g., a “target time”) the target vehicle 100 1s expected to be in the tunnel 110.
The server 105 sends an emergency notification to an emergency service provider or to an
emergency contact person as a result of determining that the target time has elapsed before the
target vehicle 100 exits the tunnel 110. An example of an emergency service provider may include
the police or emergency medical provider. Examples of an emergency contact may include a family
member or friend designated by the owner of the target vehicle 100. The server 105 does not send
the emergency notification if the target vehicle 100 emerges from the tunnel 110 before the target
time elapses.

[0021]  The server 105 may detect that the target vehicle 100 1s about to enter the tunnel 110
based on communications with the target vehicle 100. That is, the server 105 may determine that the
target vehicle 100 1s about to enter the tunnel 110 in response to a signal, from the target vehicle
100, indicating as much. Alternatively or in addition, the server 105 may track the target vehicle 100
by, e.g., processing location data sent from the target vehicle 100 to the server 105. The server 105
may determine that the target vehicle 100 1s about to enter the tunnel 110 based on the location data.
[0022]  The server 105 estimates the target time based on, e.g., the length of the tunnel 110, the
actual vehicle speed, an estimated vehicle speed, trattic data, or any combination of these or other
tactors. The server 105 may determine some or all of these factors. In some instances, one or more
tactors for estimating the target time is transmitted to the server 105 from the target vehicle 100. In
estimating the target time, the server 105 may estimate the target time in accordance with a trattic
factor (which may be part of or derived from the tratfic data). The tratfic factor may allow the server
105 to account for traftic congestion inside the tunnel 110. The traftic factor 1s discussed in greater

detail below.
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[0023]  To determine if the target vehicle 100 has been in the tunnel 110 for longer than the
target time, the server 105 may begin marking time (1.e., incrementing a time value) when the target
vehicle 100 enters the tunnel 110. The server 105 may compare the amount ot time that has elapsed
to the target time. The server 105 may determine that the target time has elapsed when the time
value exceeds the target time. When the time value exceeds the target time, the server 105 sends the
emergency notification to a local emergency service provider, an emergency contact, or both, using a
wired or wireless telecommunication protocol.

[0024]  The server 105 may determine that the target vehicle 100 has exited the tunnel 110 from,
e.g., signals transmitted from the target vehicle 100. That 1s, when the target vehicle 100 exits the
tunnel 110, it may send a signal to the server 105 indicating as much. In response to receiving such a
signal, the server 105 may cancel or delete any queued emergency notifications for that target vehicle
100.

[0025]  FIG. 2 illustrates example components of the target vehicle 100 and of the server 105.
The components of the target vehicle 100 shown in FIG. 2 include a vehicle communication system
115, a vehicle navigation system 120, and a vehicle computer 125. These components may be in
communication with one another over a vehicle communication network 130. The vehicle
communication network 130 includes hardware, such as a communication bus, for facilitating
communication among vehicle components. The vehicle communication network 130 may facilitate
wired or wireless communication among the vehicle components in accordance with a number of
communication protocols such as controller area network (CAN), Ethernet, Wil1, Local
Interconnect Network (LIN), and/or other wired or wireless protocols.

[0026]  The vehicle communication system 115 1s implemented via an antenna, circuits, chips, or
other electronic components that facilitate wireless communication between the target vehicle 100
and the server 105. That s, the vehicle communication system 115 may be programmed to receive
messages transmitted from the server 105, transmit messages to the server 105, or the like. The
messages transmitted to the server 105 may indicate that the target vehicle 100 1s about to enter a
tunnel 110, that the target vehicle 100 has exited the tunnel 110, the length of the tunnel 110, trattic
data, location information, the traftic factor discussed above, emergency contact information, etc.
The vehicle communication system 115 may be programmed to communicate in accordance with
any number of wired or wireless communication protocols. For instance, the vehicle communication

system 115 may be programmed to communicate in accordance with a satellite-communication



WO 2018/190837 PCT/US2017/027329

protocol, a cellular-based communication protocol (LTE, 3G, etc.), Bluetooth®, Bluetooth® Low
Energy, Ethernet, the Controller Area Network (CAN) protocol, WiFi, the Local Interconnect
Network (LIN) protocol, etc. In some instances, the vehicle communication system 115 is
incorporated into a vehicle telematics unit.

[0027]  The vehicle navigation system 120 is implemented via circuits, chips, or other electronic
components that can determine a present location of the target vehicle 100. The vehicle navigation
system 120 may be implemented via satellite-based system such as the Global Positioning System
(GPS). The vehicle navigation system 120 may triangulate the location of the target vehicle 100
based on signals received from various satellites in the Earth’s orbit. The vehicle navigation system
120 1s programmed to output signals representing the present location of the target vehicle 100 to,
e.g., the vehicle computer 125 via the vehicle communication network 130. In some instances, the
vehicle navigation system 120 is programmed to determine a route from the present location of the
target vehicle 100 to a future location. The vehicle navigation system 120 may access a virtual map
stored in the memory (discussed below) and develop the route according to the virtual map data.
Further, the vehicle navigation system 120 may identify one or more tunnel 110s along the route,
and the vehicle computer 125 may use such information to determine that the target vehicle 100 is
about to enter the tunnel 110.

[0028]  The vehicle computer 125 includes a vehicle memory 135 and a vehicle processor 140.
The vehicle memory 135 is implemented via circuits, chips or other electronic components and can
include one or more of read only memory (ROM), random access memory (RAM), flash memory,
electrically programmable memory (EPROM), electrically programmable and erasable memory
(EEPROM), embedded MultiMediaCard (eMMC), a hard drive, or any volatile or non-volatile media
etc. The vehicle memory 135 may store instructions executable by the vehicle processor 140 and
data such as the vehicle location, traftic data, emergency contact information, data used by the
vehicle navigation system 120, or the like. The instructions and data stored in the vehicle memory
135 may be accessible to the vehicle processor 140 and possibly other components of the target
vehicle 100.

[0029]  The vehicle processor 140 is implemented via circuits, chips, or other electronic
component and may include one or more microcontrollers, one or more field programmable gate
arrays (FPGAs), one or more application specific integrated circuits (ASICs), one or more digital

signal processors (DSPs), one or more customer specitic integrated circuits, etc. The vehicle
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processor 140 executes the instructions stored in the vehicle memory 135 and 1s programmed to
access data stored in the vehicle memory 135 and receive signals from other components of the
target vehicle 100 such as the vehicle communication system 115, the vehicle navigation system 120,
etc. The vehicle processor 140 may be programmed to process the data recetved or accessed. For
instance, the vehicle processor 140 may be programmed to recetve and process location information
output by the navigation system, determine, from the location information, when the target vehicle
100 1s about to enter a tunnel 110 from the location information, determine that the target vehicle
100 has exited the tunnel 110 from the location information, and command the vehicle
communication system 115 to communicate with the server 105.

[0030]  The vehicle processor 140 may command the vehicle communication system 115 to
transmit data to the server 105. The data transmitted to the server 105 may include the location
information, trattic data, the length of the tunnel 110, the trattic factor, the vehicle speed, the
emergency contact information, etc. The vehicle processor 140 may command the vehicle
communication system 115 to wirelessly transmit that or other data to the server 105 some
predetermined time or distance (e.g., on the order of 30 seconds or half a mile, respectively) before
the target vehicle 100 enters the tunnel 110.

[0031]  While in the tunnel 110, the vehicle processor 140 may periodically determine whether
the target vehicle 100 has exited the tunnel 110. The navigation system may lose connectivity while
in the tunnel 110 so one way for the vehicle processor 140 to determine if the target vehicle 100 is
still in the tunnel 110 1s for the vehicle processor 140 to determine if the navigation system is able to
determine the location of the target vehicle 100. If not, the vehicle processor 140 may conclude that
the target vehicle 100 s still in the tunnel 110. Similarly, the vehicle processor 140 may conclude that
the target vehicle 100 1s still in the tunnel 110 it the navigation system is unable to communicate
with, e.g., any remote satellites. Further, in some instances, the vehicle processor 140 may command
the vehicle communication system 115 to periodically send a signal to the server 105. The vehicle
processor 140 may determine that the target vehicle 100 1s still in the tunnel 110 if no response is
received from the server 105 within a predetermined period of time (e.g., on the order of a few
seconds). In other words, the vehicle processor 140 may determine that the target vehicle 100 1s still
in the tunnel 110 if the signal to the server 105 times out before the vehicle communication system
115 recetves a response from the server 105.

[0032]  When the vehicle processor 140 determines that the target vehicle 100 has exited the



WO 2018/190837 PCT/US2017/027329

tunnel 110, the vehicle processor 140 may command the vehicle communication system 115 to
transmit the signal to the server 105 indicating that the target vehicle 100 has exited the tunnel 110.
Alternatively, in implementations where the vehicle processor 140 periodically commands the
vehicle communication system 115 to transmit the signal, the vehicle processor 140 may command
the vehicle communication system 115 to stop attempting to contact the server 105 once, e.g., the
server 105 responds to the signal since that would indicate that the target vehicle 100 1s no longer in
the tunnel 110 and that the server 105 has acknowledged as much from the target vehicle 100.
[0033] The components of the server 105 shown in FIG. 2 include a server communication
system 145, a server navigation system 150, a timer 155, a server memory 160, and a server
processor 165. The components of the server 105 may communicate with one another via, a server
communication network 170. The server communication network 170 includes hardware, such as a
communication bus, for facilitating communication among the components of the server 105. The
server communication network 170 may facilitate wired or wireless communication among the
components of the server 105 in accordance with a number of communication protocols such as
controller area network (CAN), Ethernet, WiFi, Local Interconnect Network (LIN), and/or other
wired or wireless protocols.

[0034]  The server communication system 145 1s implemented via an antenna, circuits, chips, or
other electronic components that facilitate wired or wireless communication between the target
vehicle 100 and the server 105, between the server 105 and an emergency service provider, between
the server 105 and an emergency contact associated with the target vehicle 100, or a combination
thereot. That 1s, the server communication system 145 may be programmed to receive messages
transmitted from the target vehicle 100, transmit messages to the target vehicle 100, or the like. The
messages received at the server communication system 145 may indicate that the target vehicle 100
1s about to enter a tunnel 110, that the target vehicle 100 has exited the tunnel 110, the length of the
tunnel 110, traftic data, location information, the tratfic factor discussed above, emergency contact
information, etc. The communications between the server communication system 145 and the
emergency service provider or emergency contact may include a message indicating that the target
vehicle 100 did not emerge from the tunnel 110 as expected, which may indicate that an accident has
occurred in the tunnel 110. The server communication system 145 may be programmed to
communicate in accordance with any number of wired or wireless communication protocols. For

instance, the server communication system 145 may be programmed to communicate in accordance
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with a satellite-communication protocol, a cellular-based communication protocol (LTE, 3G, etc.),
Bluetooth®, Bluetooth® Low Energy, Ethernet, the Controller Area Network (CAN) protocol,
WikFi, the Local Interconnect Network (LIN) protocol, etc.

[0035]  The server navigation system 150 is implemented via circuits, chips, or other electronic
components that can determine a present location of the target vehicle 100 based on, e.g., location
information received from the target vehicle 100. The location information recerved at the server
navigation system 150 may include coordinates of the target vehicle 100, a direction of the target
vehicle 100, a speed of the target vehicle 100, etc. The server navigation system 150 may use such
information to determine that the target vehicle 100 1s about to enter a tunnel 110. That s, the
server navigation system 150 may access a virtual map stored in the server memory 160 (discussed
below) and, from the virtual map data and the location information, identify tunnel 110s in the path
of the target vehicle 100, determine 1f the target vehicle 100 is about to enter a tunnel 110, and
determine the length of the tunnel 110 that the target vehicle 100 1s about to enter. In some possible
implementations, the server navigation system 150 may determine that the target vehicle 100 1s
about to enter the tunnel 110, and possibly the length of the tunnel 110, based on signals indicating
as much transmitted from the target vehicle 100, as discussed above.

[0036]  The timer 155 is implemented via circuits, chips, or other electronic components that
mark the passage of time. For instance, upon a command from the server processor 165, the timer
155 may be configured or programmed to being marking time by incrementing a time value. The
timer 155 may periodically output the time value to the server processor 165. If the timer 155 begins
marking time when the target vehicle 100 enters the tunnel 110, the time value will represent the
amount of time that has elapsed since the target vehicle 100 entered the tunnel 110. If the timer 155
stops marking time when the target vehicle 100 exits the tunnel 110, the time value will represent the
amount of time the target vehicle 100 was in the tunnel 110. The timer 155 is programmed or
configured to begin and end marking time in accordance with control signals received from the
server processor 165. Further, although shown as a separate component, the timer 155 may be
incorporated into the server processor 165 or another component of the server 105.

[0037]  The server memory 160 is implemented via circuits, chips or other electronic components
and can include one or more of read only memory (ROM), random access memory (RAM), flash
memory, electrically programmable memory (EPROM), electrically programmable and erasable
memory (EEPROM), embedded MultiMediaCard (eMMC), a hard drive, or any volatile or non-
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volatile media etc. The server memory 160 may store instructions executable by the server processor
165 and data such as the vehicle location, trattic data, emergency contact information, data used by
the server navigation system 150, or the like. The instructions and data stored 1n the server memory
160 may be accessible to the server processor 165 and possibly other components of the server 105.
[0038]  The server processor 165 is implemented via circuits, chips, or other electronic
component and may include one or more microcontrollers, one or more field programmable gate
arrays (FPGAs), one or more application specific integrated circuits (ASICs), one or more digital
signal processors (DSPs), one or more customer specitic integrated circuits, etc. The server
processor 165 executes the instructions stored in the server memory 160 and is programmed to
access data stored in the server memory 160 and receive signals from other components of the
target vehicle 100 such as the server communication system 145, the server navigation system 150,
etc. The server processor 165 may be programmed to process the data recetved or accessed. For
instance, the server processor 165 may be programmed to detect when the target vehicle 100 is
about to enter the tunnel 110 and estimate the target time, which as discussed above 1s the amount
of time the target vehicle 100 is expected to be in the tunnel 110. The server processor 165 is further
programmed to send an emergency notification to an emergency service provider or to an
emergency contact person as a result of determining that the target time has elapsed before the
target vehicle 100 has exited the tunnel 110. The server processor 165 is further programmed to not
send the emergency notification if the target vehicle 100 emerges from the tunnel 110 before the
target time elapses.

[0039]  The server processor 165 may be programmed to detect that the target vehicle 100 1s
about to enter the tunnel 110 based on communications with the target vehicle 100. That s, the
server processor 165 may be programmed to determine that the target vehicle 100 is about to enter
the tunnel 110 in response to a signal, from the target vehicle 100, indicating as much. The signal
may be recetved via the server communication system 145 and transmitted to the server processor
165 over the server communication network 170. Alternatively or in addition, the server processor
165 may be programmed to track the target vehicle 100 by, e.g., processing location data sent from
the target vehicle 100 to the server 105. The location data may be received at the server 105 by the
server communication system 145 and transmitted to the server processor 165 over the server
communication network 170. The server processor 165 may be programmed to determine that the

target vehicle 100 1s about to enter the tunnel 110 based on the location data.
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[0040]  The server processor 165 may be programmed to estimate the target time based on, e.g.,
the length of the tunnel 110, the actual vehicle speed, an estimated vehicle speed, tratfic data
(including a posted speed limit), or any combination of these or other factors. For example, the
target time may be equal to the length of the tunnel 110 divided by the actual or predicted vehicle
speed or divided by the speed limit. The server processor 165 may be programmed to determine
some or all of these factors. In some instances, one or more factors for estimating the target time
may be transmitted to the server processor 165 from the vehicle communication system 115 by way
of the server communication system 145 and the server communication network 170.

[0041] In estimating the target time, the server processor 165 may be programmed to estimate
the target time in accordance with a trattic factor (which may be part of or derived from the tratfic
data). The traftic factor may allow the server processor 165 to account for trattic congestion inside
the tunnel 110. The trattfic factor may be a variable representing the amount of traftic in or near the
tunnel 110 at the time the target vehicle 100 1s about to enter the tunnel 110.

[0042] In some instances, the tratfic factor may be a constant that replaces the vehicle speed or
speed limit in calculating the target time. Thus, in this example, the target time may be defined as the
length of the tunnel 110 divided by the trattic factor. Examples of tratfic factors may include a value
between or including 0.5-2 mph for a high amount of tratfic expected in the tunnel 110, a value
between or including 8-12 mph for a moderate amount of traftic expected in the tunnel 110, or a
value between or including 15-20 mph for a low amount of trattic expected in the tunnel 110. For
instance, tratfic factors ot 0.5 mph, 9 mph, and 18 mph, representing high, moderate, and low
traftic, respectively, may be used as the “vehicle speed” in the target time equation instead of an
actual vehicle speed. Moreover, the traftic factor, when replacing the vehicle speed in the target time
equation, may be lower than the actual expected vehicle speed to give the target vehicle 100
additional time to travel through the tunnel 110, thereby minimizing false positives.

[0043]  Another option is that the traftic factor may be a multiple applied to the result of dividing
the tunnel 110 length by the vehicle speed or speed limit. The multiple may be related to or
independent of the expected amount of traffic in the tunnel 110. Examples of trattfic tactors under
this scenario could include numbers like 1.2, 1.5, 2.0, 2.5, 5.0, etc., applied by the server processor
165 after dividing the length of the tunnel 110 by the vehicle speed or speed limit. Thus, if the
length of the tunnel 110 divided by the vehicle speed or speed limit indicates that it will take the

target vehicle 100 15 minutes to travel through the tunnel 110, the server processor 165 may
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calculate the target time of 22.5 minutes (22 minutes and 30 seconds) after applying the trattic factor
of 1.5.

[0044]  The server processor 165 may select the traftfic factor according to the amount of traffic
expected in the tunnel 110. For instance, a value of 1.5 may be selected if low traftic 1s expected, a
value of 2.5 may be selected if moderate trattic is expected, and a value of 5.0 may be selected if high
traftic 1s expected. These numbers may all be greater than one to give the target vehicle 100
additional time to travel through the tunnel 110 to, e.g., prevent or minimize false positives.

[0045]  In instances where the server processor 165 selects from among multiple tratfic factors,
the possible traftic factors may be stored in a database in the server memory 160. The database may
relate tratfic factors to different expected amounts of traftic congestion in the tunnel 110. The server
processor 165 may be programmed to query the database for the appropriate trattic factor given the
expected amount of traffic in the tunnel 110. Thus, the target time calculated by the server processor
165 may account for the trattic factor.

[0046] To determine if the target vehicle 100 has been in the tunnel 110 for longer than the
target time, the server processor 165 may be programmed to command the timer 155 to begin
marking time (l.e., incrementing a time value) when the target vehicle 100 enters the tunnel 110. The
server processor 165 may determine that the target vehicle 100 has entered or is about to enter the
tunnel 110 based on a signal received from the target vehicle 100 received via the server
communication system 145 or by calculating when the target vehicle 100 has entered the tunnel 110
based on, e.g., location data and the vehicle speed transmitted from the target vehicle 100 and
recetved via the server communication system 145. The server processor 165 may be programmed
to receive the time value from the timer 155 and compare the amount of time value to the target
time. The server processor 165 may be programmed to determine that the target time has elapsed
when the time value exceeds the target ime. When the time value exceeds the target time, the server
processor 165 commands the server communication system 145 to send the emergency notification
to a local emergency service provider, an emergency contact, or both, using a wired or wireless
telecommunication protocol. The server processor 165 may retrieve contact information for the
emergency service provider, the emergency contact, or both, from, e.g., a database stored in the
server memory 160. The server processor 165 may be programmed to queue an emergency
notification while the timer 155 is running.

[0047]  The server processor 165 may be programmed to determine that the target vehicle 100
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has exited the tunnel 110 from, e.g., signals transmitted trom the target vehicle 100. That is, when
the target vehicle 100 exits the tunnel 110, the vehicle communication system 115 may send a signal
to the server communication system 145 indicating that the target vehicle 100 has exited the tunnel
110. The server communication system 145 may transmit the signal to the server processor 165. In
response to receiving such a signal, the server processor 165 may be programmed to cancel or delete
any queued emergency notitications for the target vehicle 100.

[0048] FIG. 3 is a flowchart of an example process 300 that may be executed by the server 105
to detect vehicle accidents in a tunnel 110.

[0049]  Atblock 305, the server 105 receives signals from a target vehicle 100. The server
communication system 145 may receive signals from the vehicle communication system 115. The
server communication system 145 may receive, e.g., location information, traftic data, a tunnel 110
length, etc., from the vehicle communication system 115. Additional data recetved from the data
may include, e.g., emergency contact information. In some instances, the server communication
system 145 may receive a signal from the vehicle communication system 115 indicating that the
target vehicle 100 1s about to enter a tunnel 110. Data recetved from the target vehicle 100 may be
transmitted from the server communication system 145 to the server processor 165.

[0050] At decision block 310, the server 105 determines whether the target vehicle 100 is about
to enter a tunnel 110. The server processor 165 may detect that the target vehicle 100 1s about to
enter the tunnel 110 based on the data received from the target vehicle 100, which the server
processor 165 may process to track the target vehicle 100, or from the signal indicating that the
target vehicle 100 1s about to enter the tunnel 110. If the server processor 165 detects that the target
vehicle 100 1s about to enter the tunnel 110, the process 300 may proceed to block 315. Otherwise,
the process 300 may return to block 305 so that the server 105 may gather additional data about the
target vehicle 100.

[0051]  Atblock 315, the server 105 may estimate the target time, which as discussed above is the
amount of time the target vehicle 100 is expected to be in the tunnel 110. The server processor 165
may calculate the target time based on, e.g., the length of the tunnel 110, the actual vehicle speed, an
estimated vehicle speed, traftic data (including a posted speed limit), or any combination of these or
other factors. For example, the target time may be equal to the length of the tunnel 110 divided by
the actual or predicted vehicle speed or divided by the speed limit. In another possible approach, the

target time may be calculated from the length of the tunnel 110 divided by the traftic factor. In yet
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another possible approach, the target time may be a function of the length of the tunnel 110 divided
by a vehicle speed and multiplied by the trattic factor. In either instance, the traftic factor may be
based on the amount of traffic predicted in the tunnel 110. As such, estimating the target time may
include predicting the amount of traftic in the tunnel 110 and selecting the traftic factor in
accordance with the predicted amount of trattfic. Selecting the traftic factor may include querying a
database stored in the server memory 160. Further, the target time may be calculated by the target
vehicle 100 and transmutted to the server 105. That is, the vehicle processor 140 may calculate the
target time and command the vehicle communication system 115 to transmit the target time to the
server 105.

[0052] At decision block 320, the server 105 determines if the target vehicle 100 has arrived at
the tunnel 110. The server processor 165 may determine that the target vehicle 100 has arrived at the
tunnel 110 based on the data recetved from the target vehicle 100, which the server processor 165
may process to track the target vehicle 100, or from a signal, transmitted to the server 105 from the
target vehicle 100, indicating that the target vehicle 100 has arrived at the tunnel 110. If the server
processor 165 determines that the target vehicle 100 has arrived at the tunnel 110, the process 300
may proceed to block 325. Otherwise, the process 300 may repeat block 320 so that the server
processor 165 may continue to track the target vehicle 100 until the target vehicle 100 arrives at the
tunnel 110.

[0053] At block 325, the server 105 begins marking the amount of time the target vehicle 100
has been in the tunnel 110. For instance, the server processor 165 may output a command to the
timer 155 to start incrementing a time value.

[0054] At block 330, the server 105 may generate and queue an emergency notification. The
server processor 165 may generate, but not send, the emergency notification and store the
emergency notification in the server memory 160 or a transmission queue of the server
communication system 145. Generating the emergency notification may include the server processor
165 retrieving emergency contact information, emergency service provider information, or the like
trom the server memory 160. The server processor 165 may generate the emergency notification in
accordance with such information. That s, the server processor 165 may generate the emergency
notification addressed to the emergency contact, emergency service provider, or both.

[0055] At decision block 335, the server 105 determines if the time value exceeds the target time.

That is, the server processor 165 may compare the time value to the target time. If the time value is
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less than the target time, the process 300 may proceed to block 340. If the time value 1s equal to or
greater than the target time, the process 300 may proceed to block 355.

[0056] At decision block 340, the server 105 determines if it has reestablished communication
with the target vehicle 100. The server processor 165 may determine that the target vehicle 100 has
reestablished communication with the server 105 if the server communication system 145 recetves a
signal transmitted from the vehicle communication system 115 after the target vehicle 100 entered
the tunnel 110. The target vehicle 100 may reestablish communication with the server 105 on its
own (e.g., the vehicle processor 140 may be programmed to periodically attempt to reestablish
communication with the server 105) or in response to a query from the server 105 (e.g., the server
processor 165 may be programmed to periodically ping the target vehicle 100 tor a response). To
conserve bandwidth, the server processor 165 may be programmed to ping the target vehicle 100
closer to the target time as opposed to the entire time the target vehicle 100 is in the tunnel 110. If
the server processor 165 determines that communication with the target vehicle 100 has been
reestablished, the process 300 may proceed to block 345. Otherwise, the process 300 may proceed
to block 350.

[0057]  Atblock 345, the server 105 cancels sending of the emergency notification. Canceling
sending of the emergency notification may include the server processor 165 deleting the emergency
notification from the server memory 160 or from a transmission queue in the server communication
system 145. Alternatively, the process 300 may simply end at block 345 without the server 105
taking any additional action with respect to the target vehicle 100.

[0058] At Dblock 350, the server 105 waits a unit of time, such as 1 second, 5 seconds, 10 seconds,
30 seconds, etc. That 1s, the server processor 165 may wait the unit of time before returning to block
335. Otherwise, the time value may increment with every clock cycle as opposed to every, e.g., 1
second, 5 seconds, 10 seconds, 30 seconds, etc.

[0059]  Atblock 355, the server 105 sends the emergency notification. That is, the server
processor 165 may command the server communication system 145 to transmit the emergency
notification stored in the server memory 160 or in the transmission queue.

[0060]  The process 300 may end, at least with respect to the target vehicle 100, after block 355.
[0061] In general, the computing systems and/or devices described may employ any of a number
of computer operating systems, including, but by no means limited to, versions and/or varieties of

the Ford Sync® application, AppLink/Smart Device Link middleware, the Microsoft Automotive®
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operating system, the Microsoft Windows® operating system, the Unix operating system (e.g., the
Solaris® operating system distributed by Oracle Corporation of Redwood Shores, California), the
AIX UNIX operating system distributed by International Business Machines of Armonk, New
York, the Linux operating system, the Mac OSX and 108§ operating systems distributed by Apple
Inc. of Cupertino, California, the BlackBerry OS distributed by Blackberry, Ltd. of Waterloo,
Canada, and the Android operating system developed by Google, Inc. and the Open Handset
Alliance, or the QNX® CAR Platform for Infotainment offered by QNX Software Systems.
Examples of computing devices include, without limitation, an on-board vehicle computer, a
computer workstation, a server, a desktop, notebook, laptop, or handheld computer, or some other
computing system and/or device.

[0062] Computing devices generally include computer-executable instructions, where the
instructions may be executable by one or more computing devices such as those listed above.
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, Petl, etc. Some of these
applications may be compiled and executed on a virtual machine, such as the Java Virtual Machine,
the Dalvik virtual machine, or the like. 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.

[0063] A computer-readable medium (also referred to as a processor-readable medium) includes
any non-transitory (e.g., tangible) medium that participates in providing data (e.g., instructions) that
may be read by a computer (e.g., by a processor of a computer). Such a medium may take many
torms, including, but not limited to, non-volatile media and volatile media. Non-volatile media may
include, for example, optical or magnetic disks and other persistent memory. Volatile media may
include, for example, dynamic random access memory (DRAM), which typically constitutes a main
memory. Such instructions may be transmitted by one or more transmission media, including coaxial
cables, copper wire and fiber optics, including the wires that comprise a system bus coupled to a
processor of a computer. Common forms of computer-readable media include, for example, a

tloppy disk, a tlexible disk, hard disk, magnetic tape, any other magnetic medium, a CD-ROM,
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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 medum from which a computer can read.

[0064]  Databases, data repositories or other data stores described herein may include various
kinds of mechanisms for storing, accessing, and retrieving various kinds of data, including a
hierarchical database, a set of files in a file system, an application database in a proprietary format, a
relational database management system (RDBMS), etc. Each such data store 1s generally included
within a computing device employing a computer operating system such as one of those mentioned
above, and are accessed via a network in any one or more of a variety of manners. A file system may
be accessible from a computer operating system, and may include files stored in various formats. An
RDBMS generally employs the Structured Query Language (SQL) in addition to a language for
creating, storing, editing, and executing stored procedures, such as the PL/SQL language mentioned
above.

[0065] In some examples, system elements may be implemented as computer-readable
instructions (e.g., software) on one or more computing devices (e.g., servers, personal computers,
etc.), stored on computer readable media associated therewith (e.g., disks, memories, etc.). A
computer program product may comprise such instructions stored on computer readable media for
carrying out the functions described herein.

[0066]  With regard to the processes, systems, methods, heuristics, 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 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 omutted. 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 claims.

[0067]  Accordingly, it is to be understood that the above description 1s intended to be illustrative
and not restrictive. Many embodiments and applications other than the examples provided would be
apparent upon reading the above description. The scope should be determined, not with reference
to the above description, but should instead be determined with reference to the appended claims,

along with the full scope of equivalents to which such claims are entitled. It 1s anticipated and
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intended that tuture developments will occur in the technologies discussed herein, and that the
disclosed systems and methods will be incorporated into such future embodiments. In sum, it
should be understood that the application 1s capable of modification and vartation.

[0068]  All terms used in the claims are intended to be given their ordinary meanings as
understood by those knowledgeable in the technologies described herein unless an explicit indication
to the contrary 1s made herein. In particular, use of the singular articles such as “a,” “the,” “said,”
etc. should be read to recite one or more of the indicated elements unless a claim recites an explicit
limitation to the contrary.

[0069]  The Abstract is provided to allow the reader to quickly ascertain the nature of the
technical disclosure. It is submitted with the understanding that it will not be used to interpret or
limit the scope or meaning of the claims. In addition, in the foregoing Detailed Description, it can
be seen that various features are grouped together in various embodiments for the purpose of
streamlining the disclosure. This method of disclosure 1s not to be interpreted as reflecting an
intention that the claimed embodiments require more features than are expressly recited in each
clarm. Rather, as the following claims retlect, inventive subject matter lies in less than all features of
a single disclosed embodiment. Thus the following claims are hereby incorporated into the Detailed

Description, with each claim standing on its own as a separately claimed subject matter.
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CLAIMS

1. A computer comprising a memory and a processor programmed to execute instructions
stored in the memory, the instructions including:
estimating a target time defined as an amount of time a vehicle will be 1n a tunnel;
determining that the target time has elapsed; and
sending an emergency notification as a result of determining that the vehicle has not exited

the tunnel before the target time elapsed.

2. The computer of claim 1, wherein the target time 1s estimated based at least in part on a

length of the tunnel and one of a vehicle speed and a posted speed limit.

3. The computer of claim 1, wherein the target time 1s estimated based at least in part on a

traftic factor based on a predicted amount of traftic in the tunnel.

4. The computer of claim 3, the instructions further including selecting the trattic factor based

on the predicted amount of traftic in the tunnel.

5. The computer of claim 4, wherein selecting the tratfic factor includes querying a database.

6. The computer of claim 1, wherein determining that the target time has elapsed includes
determining that the vehicle has arrived at the tunnel, periodically incrementing a time value, and

comparing the time value to the target time.

7. The computer of claim 6, wherein determining that the target time has elapsed includes
determining that the target time has elapsed as a result of determining that the time value 1s equal to

or greater than the target time.
8. The computer of claim 6, the instructions further including commanding a timer to start

incrementing the time value as a result of determining that the vehicle has arrived at the tunnel and

wherein periodically incrementing the time value includes waiting a unit of time before commanding
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the timer to increment the ttme value.

9. The computer of claim 1, the instructions further including generating the emergency

notification and queuing the emergency notification.

10. The computer of claim 9, wherein generating the emergency notification includes querying a
database for at least one of emergency contact information and emergency service provider
information and addressing the emergency notification to at least one of an emergency contact
defined by the emergency contact information and an emergency service provider defined by the

emergency service provider information.

11. A computer comprising a memory and a processor programmed to execute instructions
stored in the memory, the instructions including:
estimating a target time defined as an amount of time a vehicle will be 1n a tunnel;
queuing an emergency notification;
detecting that the vehicle has exited the tunnel before the target time has elapsed; and
deleting the emergency notitication from the queue as a result of determining that the

vehicle has exited the tunnel before the target time elapsed.

12. The computer of claim 11, wherein the target time is estimated based at least in part on a

length of the tunnel and one of a vehicle speed and a posted speed limit.

13. The computer of claim 1, wherein the target time 1s estimated based at least in part on a
traftic factor based on a predicted amount of traftic in the tunnel, and the instructions further
including selecting the tratfic factor based on the predicted amount of traftic in the tunnel.

14. The computer of claim 13, wherein selecting the traftic factor includes querying a database.
15. The computer of claim 11, wherein detecting that the vehicle has exited the tunnel before

the target time has elapsed includes reestablishing communication with the vehicle before the target

time has elapsed.
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16. The computer of claim 11, the instructions further including generating the emergency
notification by querying a database for at least one of emergency contact information and emergency
service provider information and addressing the emergency notitication to at least one of an
emergency contact defined by the emergency contact information and an emergency service

provider defined by the emergency service provider information.

17. A method comprising:
estimating a target time defined as an amount of time a vehicle will be 1n a tunnel;
determining that the target time has elapsed; and
sending an emergency notification as a result of determining that the vehicle has not exited

the tunnel before the target time elapsed.

18. The method of claim 17, wherein the target time is estimated based at least in part on a

traftic factor based on a predicted amount of traftic in the tunnel.

19. The method of claim 17, wherein determining that the target time has elapsed includes
determining that the vehicle has arrived at the tunnel, commanding a timer to begin incrementing a
time value, comparing the time value to the target time to determine if the time value 1s equal to or
greater than the target time, and determining that the target time has elapsed as a result of

determining that the time value is equal to or greater than the target time.

20. The method of claim 17, turther comprising:
generating the emergency notitication by querying a database for at least one of emergency
contact information and emergency service provider information and addressing the emergency
notification to at least one of an emergency contact detined by the emergency contact information
and an emergency service provider defined by the emergency service provider information, and
queuing the emergency notification for sending to at least one of the emergency contact and

the emergency service provider.

21



WO 2018/190837 PCT/US2017/027329

113

FIGURE 1

105 \\
Server

110




PCT/US2017/027329

WO 2018/190837

213

¢ A4l

JOSS3004
iBniog

o1~

Lo

ADLUBIN
Joneg

omr.\\

Jewii}

J

JOSS3004d
SoIeA

&

_ LB1SAG uonebire LIoISAS uonrebiaey
= aneg SI0MEA —>
_./,omm,. 02 \\_ i
LUSISAS LOIBOILINLILICS LWIBISAS UOREDIUNUILICD
= Jonsg BIDILBA -
,/m,i LT\ 4
o
ogt ¥

0Lt

ACUIBIN
OIS

J8nduion
SIOEA

s J
™

e
C
—




WO 2018/190837 PCT/US2017/027329

33

3G5 ¥
Receive Signal from
y 300

arget Vehicle

310

Target
Vehicle N
Approaching
Tunnel?

l\ Estimate Targst Time for
Target Vehicle

2

Vehicle
Merived at
Tunnel? &

~

325

Begin Marking Time of
Target Vehicle in Tunnel

330 3
Generate and Queue
Emergency Notification

4

350

NS Tirme
Value
Target

| WWait

»{_Target Vehicle
“ Fesumed?

Cancel Sending of _,/’

k Send Emergancy
Notification Emergency Notification

HFIGURE 3



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US17/27329

A.

IPC
CPC

CLASSIFICATION OF SUBJECT MATTER

- G08G 1/017, 1/01; G06Q 50/26, 50/30 (2017.01)

B60OR 21/013; GO8G 1/205, 1/0125, 1/017, 1/0104; G06Q 50/265, 50/30

According to International Patent Classification (IPC) or to both national classification and [PC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

See Search Hislory document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See

Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

See Search History document
C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X CN 106448180 A (SOUTHEAST UNIVERSITY) 22 February 2017; see machine transiation. 1-7,17-18
Y 8-16, 19-20
Y US 5,012,226 A (LOVE, S) 30 April 1991; column 4, lines 55-60; column 5, lines 15-39. 8,19
Y US 2016/0210581 A1 (EMERGENCY UNIVERSITY, INC.) 21 July 2016; paragraphs [0031], 9-16, 20
[0040], [0053).

Y US 2014/0184398 (MURAKAMI, H et al.) 03 July 2014; paragraph [0153). 15

D Further documents are listed in the continuation of Box C.

D See patent family annex.

»

“AT
“g”

“L

“O”

«p»

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

document published prior to the international filing date but later than
the priority date claimed

w

wyn

wyn

“&”

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

20 June 2017 (20.06.2017)

Date of mailing of the international search report

10JUL 2017

Name and mailing address of the ISA/

Mail

P.O.

Stop PCT, Attn: ISA/US, Commissioner for Patents
Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. §71-273-8300

Authorized officer

Shane Thomas

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - wo-search-report

