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305

RECEIVE SENSOR DATA OF A VEHICULAR CRASH
FROM AT LEAST ONE MOBILE DEVICE ASSOCIATED

WITH A USER

310

GENERATE A SCENARIO MODEL OF THE VEHICULAR
CRASH BASED ON THE RECEIVED SENSOR DATA

315

TRANSMIT THE SCENARIO MODEL TO A COMPUTER DEVICE

ASSOCIATED WITH THE USER

320

RECEIVE A CONFIRMATION OF THE SCENARIO MODEL FROM
THE COMPUTER DEVICE ASSOCIATED WITH THE USER

325
STORE THE SCENARIO MODEL

330

GENERATE AT LEAST ONE INSURANCE CLAIM FORM
BASED ON THE SCENARIO MODEL

FIG. 3
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RECEIVE SENSOR DATA OF AVEHICULAR CRASH FROM AT
LEAST ONE MOBILE DEVICE ASSOCIATED WITH A USER

GENERATE A SCENARIO MODEL OF THE VEHICULAR CRASH
BASED ON THE RECEIVED SENSOR DATA

TRANSMIT A MESSAGE TO ONE OR MORE EMERGENCY
SERVICES BASED ON THE SCENARIO MODEL
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FIG. 8
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IMMINENT BASED ON THE RECEIVED DATA
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INCLUDING A NOTIFICATION THAT THE POTENTIAL
VERICULAR CRASH IS IMMINENT
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FIG. 9

RECEIVE OCCUPANT DATA FROM AT LEAST ONE
INTERNAL SENSOR

910

RECEIVE EXTERNAL DATA FROM THE AT LEAST ONE
EXTERNAL SENSOR

915

DETERMINE THAT A POTENTIAL VERICULAR CRASH IS
IMMINENT BASED UPON THE RECEIVED EXTERNAL
DATA

920

DETERMINE POSITIONAL INFORMATION FOR AT LEAST
ONE OCCUPANT OF A VEHICLE

925
PERFORM AT LEAST ONE ACTION TO REDUCE A

SEVERITY OF APOTENTIAL INJURY TO THE AT
LEAST ONE OCCUPANT PRIOR TO IMPACT
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Estimation of Extent of Injury Resulting From Vehicle Collisions

Collect Data Regarding Vehicle Occupant 1100
Positioning Prior to, and During, Vehicle /

Collision from Occupant Position Sensor

(e.g., In-Cabin Vehicle Mounted Sensor or
Occupant Mobile Device) 1102

Determine Vehicle Collision Occurred
from Vehicle or Mobile Device Sensor

Data, and Estimate Impact Force, and

Direction of Impact Force of Vehicle
Collision 1104

Reconstruct Occupant Body Positioning

Within Vehicle Prior to, and During,
Vehicle Collision from Occupant Position
Sensor Data 1106

Reconstruct Vehicle Weight

Distribution Prior to, and During, and During, Vehicle Collision (Including Occupant
Vehicle Collision (Including Joints, Spine, Arms, Legs, Torso, Neck, Face, Head,
Occupant Location/Seat, Major Bones, Hands, Feet) — e.g., Normal or Face-
Luggage/Cargo, and Vehicle forward Sitting; Reaching Forward or to the Side or
Support Structure, e.qg., Seat Rear; Torso or Spine Twisted; Head or Neck Turned,;

Position) 1108 Size of Occupant (Adult, Child, Height); etc. 1110

Estimate Likelihood and Type/Location of Major Injury l
to Occupant Based Upon (1) Impact Force and

Direction of Force on Vehicle; (2) Vehicle Weight
Distribution; and (3) Occupant Skeletal Positioning
Prior to, and During, Vehicle Collision (e.q.,
Determine if Abnormal Stress on Joints or Bones
Existed, such as Broken Bone Likely) 1112

If Likelihood of Major Injury to Occupant Greater than
Pre-determined Threshold, Take Corrective Action

(e.q., Request EMS,egitiﬁ :14ospital or Occupant, F I G | 1 1
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SYSTEMS AND METHODS FOR
RECONSTRUCTION OF A VEHICULAR
CRASH

RELATED APPLICATIONS

[0001] This application 1s related to U.S. Provisional Pat-
ent Application No. 62/328,422, filed Apr. 27, 2016, entitled
“SYSTEMS AND METHODS FOR RECONSTRUCTION
OF A VEHICULAR CRASH.,” U.S. Provisional Patent
Application No. 62/332,350, filed May 35, 2016, entitled
“SYSTEMS AND METHODS FOR RECONSTRUCTION
OF A VEHICULAR CRASH.,” U.S. Provisional Patent
Application No. 62/359,842, filed Jul. 8, 2016, entitled
“SYSTEMS AND METHODS FOR RECONSTRUCTION
OF A VEHICULAR CRASH.,” U.S. Provisional Patent
Application No. 62/402,445, filed Sep. 30, 2016, entitled
“SYSTEMS AND METHODS FOR RECONSTRUCTION
OF A VEHICULAR CRASH.,” U.S. Provisional Patent
Application No. 62/413,610, filed Oct. 27, 2016, entitled
“SYSTEMS AND METHODS FOR RECONSTRUCTION
OF A VEHICULAR CRASH,” and U.S.

[0002] Provisional Patent Application No. 62/421,065,
filed Nov. 11, 2016, entitled “SYSTEMS AND METHODS
FOR RECONSTRUCTION OF A VEHICULAR CRASH,”
the entire contents and disclosures of which are hereby
incorporated by reference herein 1n their entirety.

FIELD OF THE INVENTION

[0003] The present disclosure relates to reconstruction of
a vehicular crash and, more particularly, to a network-based
system and method for reconstructing a vehicular crash or
other collision based upon sensor data and determining a
severity of the vehicular crash based upon the reconstruc-
tion.

BACKGROUND

[0004] Due to shock or other factors human perception
may be unreliable 1n a traumatic situation like an accident,
especially a vehicular crash. In some cases, some accident
victims aren’t even aware that they may have sustained
injury and cause greater harm to themselves by delaying
medical evaluation until their condition has worsened. Fur-
thermore, the human reports of an accident may be 1naccu-
rate due to mistake, a desire to shift blame, or 1n some cases,
a desire to overstate the severity of the accident for fraud
purposes. Typed or illustrated accident descriptions, usually
are created after the fact. In some cases, these reports are
created days after the accident. These accident descriptions
may include a plurality of errors due to 1ssues with human
perception and/or memory. The accident descriptions may
be created based upon input from the parties involved 1n the
accident, witnesses to the accident, and first responders at
the scene of the accident. It 1s desired to have a system that
accurately records aspects of an accident so that human
memory and perception 1s not the only basis for reconstruct-
ing and reporting an accident.

BRIEF SUMMARY

[0005] The present embodiments may relate to systems
and methods for reconstructing a vehicular crash. An acci-
dent monitoring system, as described herein, may include an
accident monitoring (“AM™) computer device that 1s 1n
communication with a mobile computer device associated
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with a user. The AM computer device may be configured to
(1) recerve sensor data of a vehicular crash from at least one
mobile device associated with a user, (a) wherein the at least
one mobile device includes at least one of a vehicle com-
puter device associated with the vehicle involved 1n the
vehicular crash, a cellular connected computer device (e.g.,
a cellphone, a tablet, a wearable device, etc.), and an Internet
connected computer device (e.g., a smartphone, a tablet, a
wearable device, etc.), (b) wherein the at least one mobile
device includes one or more sensors including sensors that
may be embedded within the at least one mobile device

and/or 1included within the vehicle for measuring or record-
ing parameters experienced by the vehicle or within the
vehicle, and (¢) wherein the sensor data 1s based upon a
period of time prior to the vehicular crash and continuing
through to a period of time after the vehicular crash and
includes at least one of a measurement of at least one of
speed, direction rate of acceleration, rate of deceleration,
location, position, orientation, and rotation of the vehicle, a
measurement of one or more changes to at least one of
speed, direction rate of acceleration, rate of deceleration,
location, position, orientation, and rotation of the vehicle, a
number of occupants 1n the vehicle, a location of occupants,
a position of occupants (1.e., the location and orientation of
an occupant’s body parts relative to the vehicle), seatbelt
sensor data, and seat occupant weight sensor data; (11) store
a database of vehicular crash scenarios based upon past
vehicular crashes and sensor data associated with the
vehicular crash scenarios; (111) compare the database of
vehicular crash scenarios to the received sensor data; (1v)
generate a plurality of scenario models of the vehicular crash
based upon the sensor data and the database of vehicular
crash scenarios; (v) determine a certainty of each of the
plurality of scenario models; (v1) generate the scenario
model from the plurality of scenario models based upon the
certainty associated with the scenario model; (vi1) select one
Or more emergency services based upon the scenario model
and a location of the vehicular crash; (vin) transmit a
message to the one or more emergency services based upon
the scenario model, wherein the one or more emergency
services include at least one of a towing service, an emer-
gency medical service provider, a fire department, a police
department, and/or some other emergency responder; (1x)
transmit the scenario model to a user computer device
associated with the user, where the user may be one of an
policyholder, one or more occupants of the vehicle, and/or
the emergency service personnel; (x) recerve one or more
changes to the scenario model from the user computer
device; (x1) update the scenario model based upon the one or
more changes; (x11) receive a confirmation of the scenario
model from the user computer device; (x111) determine at
least one potential injury to an occupant of the vehicle based
upon the scenario model, wherein the at least one potential
injury may be at least partially determined based upon the
location and/or position of the occupant within the vehicle;
(x1v) transmit the at least one potential injury to the user
computer device; (xv) receive confirmation of the at least
one potential mjury from the user computer device; (xvi)
receive sensor data from a different vehicle mvolved i the
vehicular crash; (xvi1) update the scenario model based upon
the sensor data from the different vehicle; (xvii) store the
scenario model; (x1x) update the database of vehicular crash
scenarios based upon the stored scenario model; and/or (xx)
generate at least one insurance claim form based upon the
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scenario model. The AM computing device may include
additional, less, or alternate functionality, including that
discussed elsewhere herein.

[0006] At least one advantage of this system 1s that
because the scenario model 1s based upon actual sensor data
during the vehicular crash, the accuracy of the scenario
model 1s greatly increased. This reduces the reliance on
potentially faulty human recollection. Furthermore, the use
ol sensor data allows for quicker generation of the scenario
model decreasing the lead time for claim processing.
Another advantage of the system 1s that by providing
accurate information about the vehicular crash to emergency
personnel, the proper personnel and services may be efli-
ciently routed to the vehicular crash location. This may
reduce the chance that an mjury may be overlooked, and
reduce the time that a vehicular occupant has to wait for
emergency services. A further advantage 1s that the system
may be able to predict injuries caused by the accident.
Another advantage of the system 1s reducing potential
ijuries i a vehicular accident by imducing passengers to
reposition and/or change direction of facing. A further
advantage 1s reducing damage to at least one of a vehicle
and/or passengers by repositioning the passengers prior to
impact.

[0007] Inone aspect, a computer system for reconstructing
a vehicular crash may be provided. The computer system
may include at least one processor (and/or associated trans-
celver) i communication with at least one memory device.
The at least one processor (and/or associated transceiver)
may be configured or programmed to: (1) receive sensor
data of a vehicular crash from at least one mobile device
associated with a user (such as via wireless communication
or data transmission over one or more radio links or wireless
communication channels); (2) generate a scenario model of
the vehicular crash based upon the received sensor data; (3)
transmit the scenario model to a user computer device
associated with the user (such as via wireless communica-
tion or data transmission over one or more radio links or
wireless communication channels); (4) receive a confirma-
tion of the scenario model from the user computer device
(such as via wireless communication or data transmission
over one or more radio links or wireless communication
channels); (5) store the scenario model; and/or (6) generate
at least one insurance claim form based upon the scenario
model to facilitate quickly and accurately processing an
insurance claim. The computer system may have additional,
less, or alternate functionality, including that discussed
clsewhere herein.

[0008] In another aspect, a computer-based method for
reconstructing a vehicular crash may be provided. The
method may be implemented on an accident monitoring,
(“AM”) server that includes at least one processor (and/or
associated transceiver) in communication with at least one
memory device. The method may include: (1) receiving, at
the AM server, sensor data of a vehicular crash from at least
one mobile device associated with a user (such as wvia
wireless communication or data transmission over one or
more radio links or wireless communication channels); (2)
generating, by the AM server, a scenario model of the
vehicular crash based upon the received sensor data; (3)
transmitting the scenario model to a user computer device
associated with the user (such as via wireless communica-
tion or data transmission over one or more radio links or
wireless communication channels); (4) receiving a confir-
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mation of the scenario model from the user computer device
(such as via wireless communication or data transmission
over one or more radio links or wireless communication
channels); (5) storing, in the memory, the scenario model;
and/or (6) generating, by the AM server, at least one
insurance claim form based upon the scenario model to
facilitate quickly and accurately processing an insurance
claim. The computer system may have additional, less, or
alternate functionality, including that discussed elsewhere
herein.

[0009] In vet another aspect, at least one non-transitory
computer-readable storage media having computer-execut-
able instructions embodied thereon may be provided. When
executed by at least one processor, the computer-executable
instructions cause the processor (and/or an associated trans-
ceiver) to: (1) recerve sensor data of a vehicular crash from
at least one mobile device associated with a user (such as via
wireless communication or data transmission over one or
more radio links or wireless communication channels); (2)
generate a scenario model of the vehicular crash based upon
the received sensor data; (3) transmit the scenario model to
a user computer device associated with the user (such as via
wireless communication or data transmission over one or
more radio links or wireless communication channels); (4)
receive a confirmation of the scenario model from the user
computer device (such as via wireless communication or
data transmission over one or more radio links or wireless
communication channels); (5) store the scenario model;
and/or (6) generate at least one msurance claim form based
upon the scenario model to facilitate quickly and accurately
processing an insurance claim. The computer-executable
instructions may direct additional, less, or alternate func-
tionality, mcluding that discussed elsewhere herein.

[0010] In one aspect, a computer system for notifying
emergency services ol a vehicular crash may be provided.
The computer system may include at least one processor 1n
communication with at least one memory device. The at
least one processor may be configured or programmed to:
(1) receive sensor data of a vehicular crash from at least one
mobile device associated with a user; (2) generate a scenario
model of the vehicular crash based upon the receirved sensor
data; (3) store the scenario model; and/or (4) transmit a
message to one or more emergency services based upon the
scenario model to facilitate quickly and accurately deploy-
ing emergency services to the vehicular crash location. The
computer system may have additional, less, or alternate
functionality, including that discussed elsewhere herein.

[0011] In another aspect, a computer-based method for
notifying emergency services of a vehicular crash may be
provided. The method may be implemented on an accident
monitoring (“AM”) server that includes at least one proces-
sor 1n communication with at least one memory device. The
method may 1include: (1) receiving, at the AM server, sensor
data of a vehicular crash from at least one mobile device
associated with a user; (2) generating, by the AM server, a
scenario model of the vehicular crash based upon the
received sensor data; (3) storing, in the memory, the scenario
model; and/or (4) transmitting a message to one or more
emergency services based upon the scenario model to facili-
tate quickly and accurately deploying emergency services to
the vehicular crash location. The computer system may have
additional, less, or alternate functionality, including that
discussed elsewhere herein.
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[0012] In yet another aspect, at least one non-transitory
computer-readable storage media having computer-execut-
able instructions embodied thereon may be provided. When
executed by at least one processor, the computer-executable
instructions cause the processor to: (1) recerve sensor data of
a vehicular crash from at least one mobile device associated
with a user; (2) generate a scenario model of the vehicular
crash based upon the received sensor data; (3) store the
scenario model; and/or (4) transmit a message to one or
more emergency services based upon the scenario model to
tacilitate quickly and accurately deploying emergency ser-
vices to the vehicular crash location. The computer-execut-
able instructions may direct additional, less, or alternate
tunctionality, including that discussed elsewhere herein.

[0013] In still another aspect, a computer system {for
detecting a vehicular crash may be provided. The computer
system may include at least one processor, sensor, and/or
transceiver 1 communication with at least one memory
device, the at least one processor, sensor, and/or transceiver.
The at least one processor may be programmed to (1) recerve
data from said at least one sensor; (2) determine that a
potential vehicular crash 1s 1mminent based upon the
received data; and/or (3) transmit one or more high priority
packets including a notification that the potential vehicular
crash 1s imminent. The computer system may include addi-
tional, less, or alternate functionality, including that dis-
cussed elsewhere herein.

[0014] In a different aspect, a computer-based method for
detecting a vehicular crash may be provided. The method
may include (1) recerving data from a sensor; (2) determin-
ing that a potential vehicular crash 1s imminent based upon
the recerved data; and/or (3) transmitting one or more high
priority packets including a notification that the potential
vehicular crash 1s imminent. The method may include addi-
tional, less, or alternate actions, including those discussed
clsewhere herein.

[0015] In still another aspect, a computer system {for
detecting a vehicular crash may be provided. The computer
system may include at least one processor, sensor, and/or
transceiver 1 communication with at least one memory
device. The at least one processor may be programmed to (1)
(locally or remotely) recerve occupant data from at least one
internal sensor (such as via wired or wireless communica-
tion); (2) (locally or remotely) receive external data from at
least one external sensor (such as via wired or wireless
communication); (3) determine that a potential vehicular
crash 1s imminent based upon the received external data; (4)
determine positional information for at least one occupant of
a vehicle and/or (5) perform at least one action to reduce a
severity of a potential injury to the at least one occupant
prior to 1mpact. The computer system may include addi-
tional, less, or alternate tunctionality, including that dis-
cussed elsewhere herein.

[0016] In a different aspect, a computer-based method for
detecting a vehicular crash may be provided. The method
may include (1) (locally or remotely) receiving occupant
data from at least one internal sensor (such as via wired or
wireless communication); (2) (locally or remotely) receiving,
external data from at least one external sensor (such as via
wired or wireless communication); (3) determining that a
potential vehicular crash 1s imminent based upon the
received external data; (4) determining positional informa-
tion for at least one occupant of a vehicle and/or (5)
performing at least one action to reduce a severity of a
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potential injury to the at least one occupant prior to impact.
The method may include additional, less, or alternate
actions, including those discussed elsewhere herein.

[0017] In still another aspect, at least one non-transitory
computer-readable storage media having computer-execut-
able instructions embodied thereon may be provided. When
executed by at least one processor, the computer-executable
instructions cause the processor (and/or an associated trans-
ceiver) to: (1) (locally or remotely) receive occupant data
from at least one internal sensor (such as via wired or
wireless communication); (2) (locally or remotely) receive
external data from at least one external sensor (such as via
wired or wireless communication); (3) determine that a
potential vehicular crash 1s 1mmminent based upon the
received external data; (4) determine positional information
for at least one occupant of a vehicle and/or (5) perform at
least one action to reduce a severity of a potential mnjury to
the at least one occupant prior to impact. The storage media
may 1nclude additional, less, or alternate actions, including
those discussed elsewhere herein.

[0018] In still another aspect, a computer-based method
for detecting a vehicular collision and automatically engag-
ing an autonomous vehicle feature 1s provided. The method
1s implemented on a vehicle computer device that includes
one or more processors, sensors, and/or fransceivers 1in
communication with at least one memory device. The
method includes, via one or more processors, sensors, and/or
transceivers, (1) recerving occupant data from at least one
internal sensor, (2) receiving external data from the at least
one external sensor, (3) determining by the vehicle computer
device that a potential vehicular collision 1s imminent based
upon the recerved external data, and/or (4) automatically
engaging at least one of steering, braking, and acceleration
of the vehicle to prevent or mitigate damage caused by the
vehicle collision. The method may include additional, less,
or alternate autonomous-related actions, including those
discussed elsewhere herein.

[0019] In one aspect, a computer system for detecting a
vehicular crash, and/or selecting an autonomous or semi-
autonomous vehicle feature or system to engage to avoid or
mitigate the vehicle collision may be provided. The com-
puter system may include one or more processors, Ssensors,
and/or transceivers in communication with at least one
memory device. The one or more processors, sensors, and/or
transceivers may be programmed to: (1) receive occupant
data from at least one internal sensor, the occupant data
being generated or collected prior to a vehicle collision; (2)
recelve external data from the at least one external sensor,
the external data being generated or collected prior to the
vehicle collision; (3) determine that a potential vehicular
crash 1s imminent based upon the recerved external data; (4)
determine positional information for at least one occupant of
a vehicle based upon the occupant data; and/or (5) auto-
matically engage an autonomous or semi-autonomous
vehicle feature or system to avoid the vehicle collision or
otherwise mitigate vehicle damage and/or occupant njury
caused by the vehicle collision. The system may include
additional, less, or alternate actions, including those dis-
cussed elsewhere herein.

[0020] In a further aspect, a computer-based method for
detecting a vehicular collision and automatically engaging
an autonomous vehicle system may be provided. The
method may be implemented on a vehicle computer device
including one or more processors 1 communication with at
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least one memory device. The method may include: (1)
receiving external data from at least one external sensor; (2)
determining, by the vehicle computer device, that a vehicle
collision 1s imminent based upon the recerved external data;
and/or (3) automatically engaging at least one of steering,
breaking, and acceleration of the vehicle to mitigate damage
caused by the vehicle collision. The method may include
additional, less, or alternate autonomous-related actions,
including those discussed elsewhere herein.

[0021] In another aspect, a computer-based method for
detecting a vehicular collision and automatically engaging
an autonomous vehicle feature may be provided. The
method may be implemented on a vehicle computer device
including one or more processors in communication with at
least one memory device. The method may include (1)
receiving internal data from at least one internal sensor of
the vehicle; (2) receiving external data from at least one
external sensor; (3) determining, by the vehicle computer
device, that a vehicle collision 1s imminent based upon the
received external data; (4) selecting, by the vehicle computer
device, an autonomous feature to engage based upon the
internal data; and/or (35) automatically engaging the autono-
mous feature, the autonomous feature including at least one
of steering, breaking, and acceleration of the vehicle, to
mitigate damage caused by the wvehicle collision. The
method may include additional, less, or alternate autono-
mous-related actions, including those discussed elsewhere
herein.

[0022] In yet another aspect, a computer system config-
ured to detect a vehicular collision and automatically engag-
ing an autonomous vehicle feature may be provided. The
system may include one or more processors in communica-
tion with at least one memory device. The one or more
processors may be configured to: (1) receive internal data
from at least one internal sensor of the vehicle; (2) receive
external data from at least one external sensor; (3) determine
that a vehicle collision 1s imminent based upon the recerved
external data; (4) select an autonomous feature of the vehicle
to engage based upon the mternal data; and/or (5) automati-
cally engage the autonomous feature, the autonomous fea-
ture icluding at least one of steering, breaking, and accel-
eration of the vehicle, to mitigate damage caused by the
vehicle collision. The computer system may 1nclude addi-
tional, less, or alternate functionality, including that dis-
cussed elsewhere herein.

[0023] In one aspect, a computer system for detecting a
vehicular collision and engaging an autonomous technology
system may be provided. The computer system may include
at least one processor 1 communication with at least one
memory device. The at least one processor may be pro-
grammed to: (1) receive internal data from at least one
internal sensor mounted on a vehicle and configured to
collect data associated with the vehicle interior, the internal
data being collected prior to a vehicle collision; (2) receive
external data from at least one external sensor mounted on
the vehicle and configured to collect data associated with the
vehicle exterior, the external data being collected prior to the
vehicle collision; (3) determine that a vehicle collision 1s
imminent based upon the received external data; (4) deter-
mine positional information for at least one occupant of the
vehicle based upon the internal data; and/or (5) automati-
cally engage an autonomous or semi-autonomous vehicle
system to mitigate at least one of vehicle damage and
occupant mjury caused by the vehicle collision. The com-
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puter system may include additional, less, or alternate func-
tionality, mcluding that discussed elsewhere herein.

[0024] In a further aspect, a computer-based method for
detecting a vehicular collision and automatically engaging
an autonomous vehicle system may be provided. The
method may be implemented on a vehicle computer device
including one or more processors 1 communication with at
least one memory device. The method may include: (1)
receiving internal data from at least one internal sensor
mounted on the vehicle and configured to collect data
associated with the vehicle interior; (2) receiving external
data from at least one external sensor mounted on the vehicle
and configured to collect data associated with the vehicle
exterior; (3) determining, by the vehicle computer device,
that a vehicular collision 1s 1mminent based upon the
received external data; (4) selecting an amount to engage an
autonomous or semi-autonomous vehicle system based upon
at least one of the internal data and the positional 1nforma-
tion; and/or (35) automatically engaging the autonomous or
semi-autonomous vehicle system based upon the selected
amount. The method may include additional, less, or alter-
nate autonomous-related actions, including those discussed
clsewhere herein.

[0025] In another aspect, a computer system for recon-
structing a vehicle collision may be provided. The computer
system may include one or more processors, sensors, and/or
transceivers 1n communication with at least one memory
device. The one or more processors, sensors, and/or trans-
celvers may be programmed or otherwise configured to: (1)
receive occupant data from at least one internal sensor, the
occupant data being generated or collected before, during,
and/or after the vehicle collision, (2) receive external data
from the at least one external sensor, the external data being
generated or collected belore, during, and/or after the
vehicle collision, (3) determine positional information for at
least one occupant of a vehicle before, during, and/or after
the vehicle collision, (4) determine positional information
for at least one occupant of the vehicle at least one of before,
during, and after the vehicle collision based on the occupant
data, and/or (5) generate a virtual reconstruction of the
vehicle crash, the virtual reconstruction indicating a severity
of vehicle damage and a severity of a potential injury to the
at least one occupant caused by the vehicle collision. The
system may include additional, less, or alternate actions,
including those discussed elsewhere herein.

[0026] In a further aspect, a computer-based method for
reconstructing a vehicle collision may be provided. The
method may be implemented on a vehicle computer device
including one or more processors, sensors, and/or transceiv-
ers 1n communication with at least one memory device. The
method may include, via the one or more processors, sen-
sors, and/or transceivers: (1) recerving occupant data from at
least one 1nternal sensor, the occupant data being generated
or collected betore, during, and/or after the vehicle collision,
(2) receiving external data from the at least one external
sensor, the external data being generated or collected before,
during, and/or after the vehicle collision, (3) determining, by
the vehicle computer device, positional information for at
least one occupant of a vehicle before, during, and/or after
vehicle collision, (4) determining positional information for
at least one occupant of the vehicle at least one of belore,
during, and after the vehicle collision based on the occupant
data, and/or (5) generating a virtual reconstruction of the
vehicle collision, the wvirtual reconstruction indicating a
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severity ol damage to the vehicle and a seventy of a
potential injury to the at least one occupant caused by the
vehicle collision. The method may include additional, less,
or alternate actions, including those discussed elsewhere
herein

[0027] In still another aspect, a computer-based method
for detecting a vehicular crash and/or selecting an autono-
mous or semi-autonomous vehicle feature to engage may be
provided. The method may be implemented on a vehicle
computer device mncluding one or more processors, sensors,
and/or transceivers in communication with at least one
memory device. The method may include, via the one or
more processors, sensors, and/or transceivers: (1) receiving,
occupant data from at least one internal sensor, (2) receiving
external data from the at least one external sensor, (3)
determining, by the vehicle computer device, that a potential
vehicular crash 1s imminent based upon the received exter-
nal data, (4) determining positional information for at least
one occupant of the vehicle based on the occupant data,
and/or (5) automatically engaging an autonomous or semi-
autonomous vehicle feature or system to avoid the vehicle
collision or otherwise mitigate damage caused by the vehicle
collision. The method may include additional, less, or alter-
nate actions, including those discussed elsewhere herein

[0028] Advantages will become more apparent to those
skilled 1n the art from the following description of the
preferred embodiments which have been shown and
described by way of illustration. As will be realized, the
present embodiments may be capable of other and different
embodiments, and their details are capable of modification
in various respects. Accordingly, the drawings and descrip-
tion are to be regarded as illustrative 1n nature and not as
restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The Figures described below depict various aspects
of the systems and methods disclosed therein. It should be
understood that each Figure depicts an embodiment of a
particular aspect of the disclosed systems and methods, and
that each of the Figures 1s intended to accord with a possible
embodiment thereof. Further, wherever possible, the follow-
ing description refers to the reference numerals 1ncluded 1n
the following Figures, 1n which features depicted 1n multiple
Figures are designated with consistent reference numerals.

[0030] There are shown in the drawings arrangements
which are presently discussed, it being understood, however,
that the present embodiments are not limited to the precise
arrangements and are instrumentalities shown, wherein:

[0031] FIG. 1 1llustrates a schematic diagram of an exem-
plary vehicle.
[0032] FIG. 2 illustrates a flow chart of an exemplary

process of reconstructing a vehicular crash, such as of the
vehicle shown 1n FIG. 1.

[0033] FIG. 3 illustrates a flow chart of an exemplary
computer-implemented process for reconstructing a vehicu-
lar crash shown in FIG. 2.

[0034] FIG. 4 1llustrates a simplified block diagram of an
exemplary computer system for implementing the process
shown 1n FIG. 1.

[0035] FIG. 5 i1llustrates an exemplary configuration of a
client computer device shown in FIG. 4, in accordance with
one embodiment of the present disclosure.
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[0036] FIG. 6 i1llustrates an exemplary configuration of a
server shown 1n FIG. 4, 1n accordance with one embodiment
of the present disclosure.

[0037] FIG. 7 illustrates a flow chart of an exemplary
computer-implemented process of notifying emergency ser-
vices of a vehicular crash using the system shown in FIG. 4.
[0038] FIG. 8 illustrates a tflow chart of an exemplary
computer-implemented process of detecting a vehicular
crash using the system shown 1n FIG. 4.

[0039] FIG. 9 illustrates a flow chart of another exemplary
computer-implemented process of detecting (and/or recon-
structing) a vehicular crash using the system shown 1n FIG.
4.

[0040] FIG. 10 1llustrates a diagram of components of one
or more exemplary computing devices that may be used 1n
the system shown in FIG. 4.

[0041] FIG. 11 1illustrates a flow chart of an exemplary
computer-implemented process of estimating an extent of
injury to vehicle occupants resulting from a vehicle collision
using the system shown in FIG. 4.

[0042] The Figures depict preferred embodiments for pur-
poses of illustration only. One skilled 1n the art will readily
recognize from the following discussion that alternative
embodiments of the systems and methods illustrated herein
may be employed without departing from the principles of
the 1nvention described herein.

DETAILED DESCRIPTION OF THE DRAWINGS

[0043] The present embodiments may relate to, inter alia,
systems and methods for reconstructing a vehicular crash or
other accident based upon sensor data and determining a
severity of the vehicular crash based upon the reconstruc-
tion. In an exemplary embodiment, the process 1s performed
by an accident monitoring (“AM”) computer device, also
known as an accident monitoring (“AM”) server.

[0044] Furthermore, first responders and other emergency
personnel may not be aware of the severity of injuries that
may have occurred as a result of the accident until they are
at the scene. As every minute may count in an emergency,
the more information they receive the better that the first
responders may prepare for and treat potential injuries.
[0045] In one embodiment, the user may have installed an
application on a mobile device, such as a smart phone, that
allows the mobile device to monitor for accidents and
transmit sensor data to the AM server. In another embodi-
ment, the user’s vehicle includes a vehicle computer device
in communication with one or more sensors for detecting
vehicle parameters and/or conditions, also known as sensor
data. The vehicle computer device 1s configured to monitor
the sensor data for accidents and transmit the sensor data to
the AM server.

[0046] In the exemplary embodiment, the AM server may
receive sensor data of a vehicular crash from at least one
mobile computer device associated with the user (e.g., a
cellphone, a tablet, a wearable electronic, or a vehicle
computer device). In the example embodiment, the user 1s an
insurance policyholder associated with at least one vehicle
that 1s 1nvolved 1n a vehicular crash or accident. The user
may be the driver or a passenger of the vehicle.

[0047] In the exemplary embodiment, the mobile com-
puter device recerves the sensor data from at least one sensor
associated with the mobile computer device. In some
embodiments, at least one sensor may be one or more of a
plurality of sensors 1n the vehicle. In other embodiments, the
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at least one sensor may be an accelerometer, gyroscope,
camera, compass, and/or another sensor in the user’s smart-
phone or other mobile device. The at least one sensor may
include cabin-facing sensors that may be configured to
collect sensor data associated with occupants (1.e., a driver
and a passenger) and/or luggage within the vehicle, such as
a location and/or a position of the occupants. The location of
an occupant may refer to a particular seat or other portion of
the vehicle where the occupant 1s located. The position of an
occupant may refer to a body and/or limb orientation of an
occupant relative to the vehicle or components of the
vehicle, such as a steering wheel, a front portion of the
vehicle, and the like. In some embodiments, the sensors may
be configured to collect sensor data associated with weight

distribution imnformation of the vehicle, occupants, luggage,
fuel, and so forth.

[0048] In the exemplary embodiment, the sensor data
provides information about the vehicular crash. This infor-
mation includes, but 1s not limited to, vehicular conditions
prior to, during, and after the accident or crash (i.e., speed,
acceleration, location, direction of travel, information about
surroundings, and operating conditions), forces and direc-
tions of forces experienced and/or received during the
accident (1.e., changes 1n speed and direction), information
about the occupants of the vehicle (1.e., number, weight,
location, position, and seatbelt status), details about the
vehicle (1.e., make, model, and mileage), and any actions
that the vehicle took during the accident (1.¢., airbag deploy-
ment). In some embodiments, sensor data may include data
for a period of time prior to the vehicular accident and
continue through a period of time after the vehicular acci-
dent.

[0049] In some embodiments, a vehicle controller 1n the
vehicle collects the sensor data from sensors and transmits
the sensor data to the AM server. In other embodiments, the
user’s mobile device transmits its collected sensor data to
the AM server. In still other embodiments, the user’s mobile
device 1s 1n communication with the vehicle controller. In
these other embodiments, the user’s mobile device transmaits
its collected sensor data to the vehicle controller and the
vehicle controller transmits the sensor data from the user’s
mobile device and from the vehicle’s sensors to the AM
server.

[0050] In the exemplary embodiment, the AM server may
generate a scenario model of the vehicular crash based upon
the received sensor data. Scenario models may predict
damage to the vehicle and injuries that may be experiences
by the driver and passengers of the vehicle. In the exemplary
embodiment, that AM server may access a database that may
contain a plurality of crash scenarios and the sensor data
associated with these crash scenarios. The scenarios may be
based upon information from vehicle crash testing facilities,
from past crashes that that AM server has analyzed, and/or
from other sources that allow that AM server to operate as
described herein. The AM server may compare the received
sensor data with the different stored crash scenarios to
generate a scenario model that 1s the most likely match for
the vehicular crash. For example, that AM server may
determine that that vehicle was rear-ended by another
vehicle that was going approximately 30 miles an hour while
that vehicle was stopped.

[0051] In some embodiments, that AM server generates a
plurality of scenario models that may fit the sensor data
received. The AM server may then rank the generated
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scenarios based upon the likelihood or degree of certainty
that the scenario 1s correct. In some further embodiments,
that AM server may compare the degree of certainty to a
predetermined threshold.

[0052] The AM server may transmit the scenario model to
a user computer device associated with user. In some
embodiments, the user computer device 1s associated with
the policyholder of an account associated with the vehicle.
In other embodiments, the user computer device 1s associ-
ated with one of the occupants of the vehicle. In still other
embodiments, the user computer device 1s associated with a
third party, such as one of the emergency service personnel.
[0053] The user computer device may then display the
scenario model to the user. The user computer device may be
configured to receive input from that user about the dis-
played scenario model. In some embodiments, that user
computer device may receive a confirmation from that user
that the scenario model 1s correct. The user computer device
may then transmit the confirmation for the scenario model to
that AM server.

[0054] The AM server may store the scenario model.
Based upon the stored scenario model for the vehicular
crash, the AM server may generate at least one nsurance
claiam form for the vehicular accident. In the exemplary
embodiment, the AM server retrieves one or more stored
blank claim forms, such as {from a database. The AM server
may then populate one or more of the blank fields of the
retrieved blank forms based upon the scenario model. Based
upon the completeness of the stored scenario model, the AM
server may be able to fill out multiple forms and describe the
accident 1 detail. The AM server may also be able to
determine one or more damages that the vehicle would have
incurred in the vehicular accident. The AM server may also
be able to estimate a cost of repairs or replacement.

[0055] In some embodiments, the AM server may add the
stored scenario model and the associated sensor data to the
database to improve the stored models. In these embodi-
ments, the AM server may be executing one or more
machine learning algorithms to improve the accuracy of the
generating scenario models.

[0056] In other embodiments, the user computer device
may receive changes and/or updates to the scenario model
from the user. The AM server may update the scenario model
based upon the updates received from the user.

[0057] In some embodiments, the AM server may be able
to determine one or more potential mjuries to one or more
occupants of the vehicle based upon the scenario model. For
example, 1n the rear-end accident example, the AM server
may determine that there 1s a 40% chance that the driver may
have mcurred a minor neck 1mnjury. The AM server may be
configured to 1dentity a position of each occupant from the
scenario model and determine any potential injuries that
may be associated with the identified position. In one
example, the AM server determines a front seat passenger 1s
turned around during the crash to protect a child 1n the back
seat of the vehicle. Accordingly, the front seat passenger
may have suflered a spinal mjury based upon his or her
position. The AM server may then transmit the one or more
potential injuries to user device for confirmation by the user.
Based upon which injuries that the user indicates where
incurred, the AM server may then update the scenario
model.

[0058] In some further embodiments, the AM server may
receive sensor data from more than one vehicle involved 1n
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the vehicular accident. The AM server may then combine the
sensor data from the multiple vehicles to update the scenario
model. The AM server may also expand the scenario model
for the occupants of each other vehicle mvolved i the
vehicular accident.

[0059] In some further embodiments, the AM server may
be 1n communication with one or more emergency services
providers, such as a towing service, an emergency medical
service provider, a police department, a fire department,
and/or some other emergency responder. The AM server
may contact one or more of these emergency service pro-
viders based upon the scenario model and the location of the
vehicular crash. For example, in the rear-end example, the
AM server may contact the nearest emergency medical
service provider and request immediate deployment for
treatment of a potential neck injury. The AM server may also
provide other information from the scenario model to the
contacted emergency service provider.

[0060] In some embodiments, the AM server may deter-
mine a severity of the vehicular accident. The determined
severity may be based upon a plurality of levels of severity,
such as set by government or a standards setting organiza-
tion. Examples may include, but are not limited to, vehicle
damage scale, damage severity code, and injury severity
score. The AM server may transmit the determined severity
to the one or more emergency services providers. The AM
server may also use the determined severity in generating
the claim forms.

[0061] At least one of the technical problems addressed by
this system may include: (1) improving speed and efliciency
of processing a claim based upon a vehicular accident; (11)
improving the speed and accuracy of reconstructing a
vehicular accident scenario; (i11) properly mforming emer-
gency service personnel of the potential injuries associated
with a vehicular accident; and/or (1v) determining that a
vehicular accident 1s occurring or may be occurring.

[0062] The technical effect achieved by this system may
be at least one of: (1) automated reconstruction of a vehicular
accident; (1) automated population of insurance claim
forms; (111) automated contact of emergency service person-
nel; (1v) providing information about the vehicular accident
prior to the arrival of the emergency service personnel on the
scene; (v) improved speed of emergency service response to
vehicular accidents; and/or (vi) automated detection of
vehicular accidents as they are occurring.

[0063] The methods and systems described herein may be
implemented using computer programming or engineering
techniques including computer software, firmware, hard-
ware, or any combination or subset thereol, wherein the
technical effects may be achieved by performing at least one
of the following steps: (a) receiving, at an accident moni-
toring (“AM”) server, sensor data of a vehicular crash from
at least one mobile device associated with a user; (b)
generating, by the AM server, a scenario model of the
vehicular crash based upon the received sensor data; (c)
transmitting the scenario model to a user computer device
associated with the user; (d) recerving a confirmation of the
scenar1o model from the user computer device; (e) storing,
in the memory, the scenario model; and/or (1) generating, by
the AM server, at least one msurance claim form based upon
the scenario model to facilitate quickly and accurately
processing an 1nsurance claim to facilitate quickly and
accurately processing an insurance claim.
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[0064] Additional technical effects may be achieved by
performing at least one of the following steps: (a) receiving,
at the AM server, sensor data of a vehicular crash from at
least one mobile device associated with a user; (b) gener-
ating, by the AM server, a scenario model of the vehicular
crash based upon the received sensor data; (¢) storing, in the
memory, the scenario model; and/or (d) transmitting a
message to one or more emergency services based upon the
scenario model to facilitate quickly and accurately deploy-
ing emergency services to the vehicular crash location.
[0065] Further technical effects may be achieved by per-
forming at least one of the following steps: (a) receiving data
from a sensor; (b) determining that a potential vehicular
crash 1s imminent based upon the received data; and/or (c)
transmitting one or more high priority packets including a
notification that the potential vehicular crash 1s imminent

Exemplary Vehicle

[0066] FIG. 1 depicts a view of an exemplary vehicle 100.
In some embodiments, vehicle 100 may be an autonomous
or semi-autonomous vehicle capable of fulfilling the trans-
portation capabilities of a traditional automobile or other
vehicle. In these embodiments, vehicle 100 may be capable
of sensing 1ts environment and navigating without human
input. In other embodiments, vehicle 100 1s a manual
vehicle, such as a traditional automobile that 1s controlled by
a driver 115.

[0067] Vehicle 100 may include a plurality of sensors 105
and a vehicle controller 110. The plurality of sensors 105
may detect the current surroundings and location of vehicle
100. Plurality of sensors 105 may include, but are not limited
to, radar, LIDAR, Global Positioning System (GPS), video
devices, 1maging devices, cameras, audio recorders, and
computer vision. Plurality of sensors 105 may also include
sensors that detect conditions of vehicle 100, such as speed,
acceleration, gear, braking, and other conditions related to
the operation of vehicle 100, for example: at least one of a
measurement of at least one of speed, direction rate of
acceleration, rate of deceleration, location, position, orien-
tation, and rotation of the vehicle, and a measurement of one
or more changes to at least one of speed, direction rate of
acceleration, rate of deceleration, location, position, orien-
tation, and rotation of the vehicle. Furthermore, plurality of
sensors 105 may include impact sensors that detect impacts
to vehicle 100, including force and direction and sensors that
detect actions of vehicle 100, such the deployment of
airbags. In some embodiments, plurality of sensors 105 may
detect the presence of driver 115 and one or more passengers
120 in vehicle 100. In these embodiments, plurality of
sensors 105 may detect the presence of fastened seatbelts,
the weight 1n each seat in vehicle 100, heat signatures, or any
other method of detecting information about driver 115 and
passengers 120 1n vehicle 100.

[0068] In some embodiments, plurality of sensors 105
may include sensors for determining weight distribution
information of vehicle 100. Weight distribution information
may include, but 1s not limited to, the weight and location of
remaining gas, luggage, occupants, and/or other components
of vehicle 100. In some embodiments, plurality of sensors
105 may include sensors for determining remaining gas,
luggage weight, occupant body weight, and/or other weight
distribution information. In certain embodiments, plurality
of sensors 105 may include occupant position sensors to
determine a location and/or position of each occupant (i.e.,
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driver 115 and passengers 120) 1n vehicle 100. The location
of an occupant may 1dentify a particular seat or other
location within vehicle 100 where the occupant 1s located.
The position of the occupant may include the occupant’s
body orientation, the location of specific limbs, and/or other
positional information. In one example, plurality of sensors
105 may include an in-cabin facing camera, LIDAR, radar,
welght sensors, accelerometer, gyroscope, compass and/or
other types of sensors to identily the location and/or position
of occupants within vehicle 100. Vehicle controller 110
and/or another computing device(s) (e.g., mobile device(s))
may be configured to monitor sensor data from plurality of
sensors 105 and/or other sensors to determine weight dis-
tribution information and/or location and position of the
occupants. In one example, vehicle controller 110 may
compare sensor data for a particular event (e.g., a road
bump) with historical sensor data to i1dentify the weight
distribution of vehicle 100 and/or the location of the occu-
pants of vehicle 100. In another example, plurality of
sensors 105 may include weight sensors that vehicle con-
troller 110 monitors to determine the weight distribution
information.

[0069] Vehicle controller 110 may interpret the sensory
information to identily appropriate navigation paths, detect
threats, and react to conditions. In some embodiments,
vehicle controller 110 may be able to communicate with one
or more remote computer devices, such as mobile device
125. In the example embodiment, mobile device 125 1s
associated with driver 115 and includes one or more internal
sensors, such as an accelerometer, a gyroscope, and/or a
compass. Mobile device 125 may be capable of communi-
cating with vehicle controller 110 wirelessly. In addition,
vehicle controller 110 and mobile device may be configured

to communicate with computer devices located remotely
from vehicle 100.

[0070] In some embodiments, vehicle 100 may include
autonomous or semi-autonomous vehicle-related function-
ality or technology that may be used with the present
embodiments to replace human driver actions may include
and/or be related to the following types of functionality: (a)
tully autonomous (driverless); (b) limited driver control; (c)
vehicle-to-vehicle (V2V) wireless commumication; (d)
vehicle-to-infrastructure (and/or vice versa) wireless com-
munication; (e) automatic or semi-automatic steering; (1)
automatic or semi-automatic acceleration; (g) automatic or
semi-automatic braking; (h) automatic or semi-automatic
blind spot monitoring; (1) automatic or semi-automatic col-
lision warning; (3) adaptive cruise control; (k) automatic or
semi-automatic parking/parking assistance; (1) automatic or
semi-automatic collision preparation (windows roll up, seat
adjusts upright, brakes pre-charge, etc.); (im) driver acuity/
alertness monitoring; (n) pedestrian detection; (o) autono-
mous or semi-autonomous backup systems; (p) road map-
ping systems; (q) soltware security and anti-hacking
measures; (r) theft prevention/automatic return; (s) auto-
matic or semi-automatic driving without occupants; and/or
other functionality. In these embodiments, the autonomous
or semi-autonomous vehicle-related functionality or tech-
nology may be controlled, operated, and/or 1n communica-
tion with vehicle controller 110.

[0071] The wireless communication-based autonomous or
semi-autonomous vehicle technology or functionality may
include and/or be related to: automatic or semi-automatic

steering; automatic or semi-automatic acceleration and/or
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braking; automatic or semi-automatic blind spot monitoring;
automatic or semi-automatic collision warning; adaptive
cruise control; and/or automatic or semi-automatic parking
assistance. Additionally or alternatively, the autonomous or
semi-autonomous technology or functionality may include
and/or be related to: driver alertness or responsive monitor-
ing; pedestrian detection; artificial intelligence and/or back-
up systems; navigation or GPS-related systems; security
and/or anti-hacking measures; and/or theit prevention sys-
tems.

[0072] While vehicle 100 may be an automobile in the
exemplary embodiment, in other embodiments, vehicle 100
may be, but 1s not limited to, other types of ground craft,
aircraft, and watercraft vehicles.

Exemplary Process for Reconstructing a Vehicular Crash

[0073] FIG. 2 illustrates a flow chart of an exemplary
process 200 of reconstructing a vehicular crash, such as of
vehicle 100 shown in FIG. 1.

[0074] In the exemplary embodiment, a user 202 1s asso-
ciated with a user device 204. In the example embodiment,
user 202 may be an insurance policyholder associated with
at least one vehicle 100 that 1s involved 1n a vehicular crash
or accident. In some embodiments, user 202 may be driver
1135 or passenger 120 of the at least one vehicle 100. In other
embodiments, user 202 may be an emergency responder
and/or some other witness to the vehicular crash or accident.
[0075] In some embodiments, user device 204 may be
mobile device 125 shown 1n FIG. 1. In these embodiments,
user device 204 may be a smart phone, wearable, or other
computer device associated with user 202. In other embodi-
ments, mobile device 1s vehicle controller 100. In still other
embodiments, user device 204 may represent more than one
computer device associated with user 202. In all embodi-
ments, user device 204 may be capable of displaying infor-
mation to user 202, receiving mmput from user 202, and in
communication with an accident monitoring (“AM”) server
206. User device 204 may include software that allows 1t to
function as 1s described herein.

[0076] In the exemplary embodiment, user device 204
detects 208 an accident or vehicular crash. User device 204
transmits 210 data from an accident timeframe to AM server
206. In some embodiments, user device 204 may transmit
210 the data live while the accident 1s happening. In other
embodiments, user device 204 may transmit 210 the data
after the accident. In the exemplary embodiment, user
device 204 may transmit 210 stored sensor data from a
period before the accident and continues to transmit 210 data
for a period of time after the accident.

[0077] AM server 206 receives 212 the sensor data. In the
exemplary embodiment, AM server 206 may match 214 the
data to known vehicular accident scenarios to determine the
most appropriate scenario that matches the received sensor
data. Based upon the comparison between the sensor data
and each the scenarios, AM server 206 ranks the scenarios
based upon certainty or likelihood that the scenario 1s
correct. The level or degree of certainty 1s compared to a
threshold, where AM server 206 selects the scenario with the
highest degree of certainty that exceeds the threshold. In
other embodiments, AM server 206 may model different
parts of the accident based upon the available sensor data.
For example, AM server 206 may only have partial sensor
data and may only be able to recreate a portion of the
accident scene. In the example embodiment, AM server 206
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may use machine-learning to generate a model of the crash
based upon the sensor data and the known vehicular accident
scenarios.

[0078] In the exemplary embodiment, 1f AM server 206
matches 216 a scenario, AM server 206 stores 218 the
matched scenario and may transmit the matched scenario to
user device 204. In this embodiment, user device 204 may
be a computer device that 1s separate from the mobile device
that transmitted 210 the sensor data. In this embodiment,
separate user device 204 may be registered with AM server
206. AM server 206 may transmit a link to matched scenario
to user via an email or application that the user logs into.
User device 204 depicts 220 the scenario to user 202 for user
202 to validate. If the scenario 1s correct 222, then user 202
inputs a confirmation on user device 204 and user device 204
transmits the confirmation to AM server 206. I the scenario
1s close and just needs changes, then user device 204
presents 224 a screen to allow user 202 to input changes 226
to the scenario. User device 204 transmits 228 the updated
scenario to AM server 206. AM server 206 stores the
updates. I the scenario was incorrect, user device 204 may
present 236 an accident scene creation interface to user 202
that allows user 202 to create the scenario.

[0079] If the scenario may have caused an injury 230, AM
server 206 1dentifies 232 potential injuries that may have
occurred during the accident based upon the scenario. In
some embodiments, the received sensor data may include
occupant sensor data that identifies a location and/or a
position of one or more occupants. AM server 206 may be
configured to i1dentily 232 potential injuries based upon the
location and/or position of the occupant (e.g., a front seat
passenger facing the back seat during the crash may sufler
potential back and spinal injuries). AM server 206 prompts
user device 204 to display 234 the identified injuries to user
202 or to mquire if any injuries incurred. I the user knows
of any mjuries 238, user device 204 confirms or updates 240
the 1njuries section of the model or scenario and transmits to
AM server 206, which updates the scenario. Whether or not
there were any injuries, AM server 206 stores 242 the
completed scenario.

Exemplary Computer-Implemented Method for

Reconstructing a Vehicular Crash

[0080] FIG. 3 illustrates a flow chart of an exemplary
computer 1mplemented process 300 for reconstructing a
vehicular crash as shown in FIG. 2. Process 300 may be
implemented by a computing device, for example AM server
206 (shown 1n FIG. 2). In the exemplary embodiment, AM
server 206 may be 1n communication with a mobile com-

puter device 405 (shown 1n FIG. 4), such as mobile device
125, vehicle controller 110 (both shown 1n FIG. 1), and user

device 204 (shown in FIG. 2).

[0081] In the exemplary embodiment, AM server 206 may
receive 305 sensor data of a vehicular crash from at least one
mobile computer device 405 associated with a user, such as
user 202 (shown 1n FIG. 2). In the exemplary embodiment,
user 202 1s an 1insurance policyholder associated with at least
one vehicle 100 (shown in FIG. 1) that 1s involved 1n a
vehicular crash or accident. In some embodiments, mobile
computer device 405 may be mobile device 125 shown 1n
FIG. 1. In these embodiments, user device 204 may be a
smart phone or other computer device associated with user
202. User 202 may be driver 115 or passenger 120 of vehicle
100.
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[0082] In the exemplary embodiment, mobile computer
device 405 receives the sensor data from at least one sensor
410 associated with mobile computer device 405. In some
embodiments, at least one sensor 410 may be one or more
of plurality of sensors 105 (shown 1n FIG. 1) 1n vehicle 100.
In other embodiments, at least one sensor 410 may be an
accelerometer or other sensor 1n mobile device 125. In the
exemplary embodiment, the sensor data provides informa-
tion about the vehicular crash. This information includes,
but 1s not limited to, vehicular conditions prior to, during,
and after the accident or crash (1.e., speed, acceleration,
location, direction of travel, braking, cornering, information
about surroundings, and operating conditions), weight dis-
tribution information, forces and directions of forces expe-
rienced and/or recerved during the accident (1.e., changes in
speed and direction), information about the occupants of
vehicle 100 (1.e., number, weight, location, position, and
seatbelt status), details about vehicle 100 (1.e., make, model,
and mileage), and any actions that vehicle 100 took during
the accident (i.e., aiwrbag deployment). In some embodi-
ments, sensor data may include data for a period of time
prior to the vehicular accident and continue through a period
of time after the vehicular accident. In some scenarios,
where mobile device 125 may be loose in vehicle 100,
mobile device 125 may be ¢jected through a windshield or
out through a side window. In these scenarios, AM server
206 may determine that mobile device 125 has left vehicle
100 and 1s no longer providing data about vehicle 100. In
these scenarios, AM server 206 may determine the point that
mobile device 125 exited vehicle 100 and not use data from
mobile device 125 after that point.

[0083] In some embodiments, vehicle controller 110 col-
lects the sensor data from sensors 105 and transmits the
sensor data to AM server 206. In other embodiments, mobile
device 125 transmits 1ts collected sensor data to AM server
206. In still other embodiments, mobile device 125 1s 1n
communication with vehicle controller 110. In these other
embodiments, mobile device 125 transmits 1ts collected
sensor data to vehicle controller 110 and vehicle controller
110 transmits the sensor data from mobile device 125 and
from vehicle’s sensors 105 to AM server 206.

[0084] In the exemplary embodiment, AM server 206
generates 310 a scenario model of the vehicular crash based
upon the received sensor data. Scenario models may predict
damage to vehicle 100 and 1njuries that may be experiences
by driver 115 and passengers 120 of vehicle 100. In one
embodiment, the received sensor data may include sensor
data from occupant position sensors that identity a location
and/or a position of each occupant within vehicle 100 prior
to or at the time of the vehicular crash. The location and/or
position ol each occupant may be used to determine what
forces were applied to an occupant’s joints and skeletal
structure during the crash and identily any corresponding
potential 1njuries. For example, a front row passenger 120
turning around to help a child 1n the back of vehicle 100 may
injure his or her back during the vehicular crash because his
or her position at impact would not protect his or her body
from injury. The sensor data from the occupant position
sensors may be combined with data indicating the position
of support structures of vehicle 100 (e.g., frame, windows,
seats, steering wheel, etc.) to identily any potential injuries
that an occupant may have sustained due to the occupant’s
position relative to the positions of the support structures. In
the exemplary embodiment, AM server 206 accesses a
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database, such as database 420 (shown 1n FIG. 4). Database
420 may contain a plurality of crash scenarios and the sensor
data associated with these crash scenarios. The scenarios
may be based upon information from vehicle crash testing
facilities, from past crashes that AM server 206 has ana-
lyzed, and/or from other sources that allow AM server 206
to operate as described here. AM server 206 compares the
received sensor data with the different stored crash scenarios
to generate 310 a scenario model that 1s the most likely
match for the vehicular crash. For example, AM server 206
may determine that vehicle 100 was rear-ended by another
vehicle that was going approximately 30 miles an hour while
vehicle 100 was stopped.

[0085] In some embodiments, AM server 206 generates a
plurality of scenario models that may fit the sensor data
received. AM server 206 may then rank the generated
scenarios based upon the likelihood or degree of certainty
that the scenario 1s correct. In some further embodiments,
AM server 206 may compare the degree of certainty to a
predetermined threshold.

[0086] AM server 206 transmits 315 the scenario model] to
a computer device associated with user 202, such as user
device 204. In some embodiments, user device 204 1s
associated with the policyholder of an account associated
with vehicle 100. In other embodiments, user device 204 1s
associated with one of the occupants of vehicle 100. In still
other embodiments, user device 204 1s associated with a
third party, such as one of the emergency service personnel.

[0087] User device 204 may be configured to display the
scenario model to user 202. User device 204 may be
configured to receive mput from user 202 about the dis-
played scenario model. In some embodiments, user device
204 may receive a confirmation from user 202 that the
scenar1o model 1s correct. User device 204 may transmit the
confirmation for the scenario model to AM server 206 (such
as via wireless communication or data transmission over one
or more radio frequency links or wireless communication
channels). AM server 206 may receive 320 the confirmation.

[0088] AM server 206 stores 325 the scenario model.
Based upon the stored scenario model for the vehicular
crash, AM server 206 generates 330 at least one mnsurance
claam form for the vehicular accident. In the exemplary
embodiment, AM server 206 retrieves one or more stored
blank claim forms, such as from database 420. AM server
206 may then populate one or more of the blank fields of the
retrieved blank forms based upon the scenario model. Based
upon the completeness of the stored scenario model, AM
server 206 may be able to fill out multiple forms and
describe the accident 1n detail. AM server 206 may also be
able to determine one or more damages that vehicle 100
would have incurred 1n the vehicular accident. AM server
206 may also be able to estimate a cost of repairs or
replacement.

[0089] In some embodiment, AM server 206 may add the
stored scenario model and the associated sensor data to
database 420 to improve the stored models. In these embodi-
ments, AM server 206 may be executing one or more
machine learning algorithms to improve the accuracy of the
generating scenario models.

[0090] Inother embodiments, user device 204 may recerve
changes and/or updates to the scenario model from user 202.
AM server 206 may update the scenario model based upon
the updates received from user 202.
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[0091] In some embodiments, AM server 206 may be able
to determine one or more potential mjuries to one or more
occupants of the vehicle based upon the scenario model. For
example, 1n the rear-end accident example AM server 206
may determine that there 1s a 40% chance that driver 1135
may have incurred a minor neck injury. In one embodiment,
AM server 206 may be configured to determine one or more
injuries to the occupants based upon the position of the
occupants relative to the vehicle and/or the support struc-
tures of the vehicle. AM server 206 may then transmit the
one or more potential ijuries to user device 204 for con-
firmation by user 202. Based upon which injuries that user
202 indicates where incurred, AM server 206 then may
update the scenario model.

[0092] In some further embodiments, AM server 206 may
receive sensor data from more than one vehicle mvolved n
the vehicular accident. AM server 206 may then combine the
sensor data from the multiple vehicles to update the scenario
model. AM server 206 may also expand the scenario model
for the occupants of each other vehicle mvolved in the
vehicular accident.

[0093] In some further embodiments, AM server 206 may
be 1n communication with one or more emergency services
providers, such as a towing service, an emergency medical
service provider, a police department, a fire department,
and/or some other emergency responder. AM server 206
may contact one or more of these emergency service pro-
viders based upon the scenario model and the location of the
vehicular crash. For example, 1n the rear-end example AM
server 206 may contact the nearest emergency medical
service provider and request immediate deployment for
treatment of a potential neck injury on driver 115. AM server

206 may also provide other information from the scenario
model to the contacted emergency service provider.

[0094] In some embodiments, AM server 206 may deter-
mine a severity of the vehicular accident. The determined
severity may be based upon a plurality of levels of severity,
such as set by government or a standards setting organiza-
tion. Examples may include, but are not limited to, vehicle
damage scale, damage severity code, and mjury severity
score. AM server 206 may transmit the determined severity
to the one or more emergency services providers. AM server
206 may also use the determined severity 1n generating the
claim forms.

[0095] In some embodiments, the state of connectivity of
each sensor 105 1n vehicle 100, each mobile device 125 1n
vehicle 100, and vehicle controller 110 are tracked by AM
server 206. In some embodiments, the state of connectivity
1s used 1n validating the data stream. In other embodiments,
the state of connectivity 1s used in determining the severity
of the vehicular accident. In these embodiments, AM server
206 determines the extent of trauma required to induce
damage to sensor 105, mobile device 125, or vehicle con-
troller 110 severe enough to sever the connection to the
corresponding item 1n relation to the point of impact. For
example, 11 the scenario 1s for a driver’s side impact and a
mobile device 125 in dniver’s pocket 1s destroyed, then
severity 1s likely level x. Other scenarios may include, but
are not limited to, front (left/rmght) impact and battery
connection to ECU severed or head-on impact and Bluetooth
module 1 dashboard destroyed.
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Exemplary Computer Network

[0096] FIG. 4 depicts a simplified block diagram of an
exemplary system 400 for implementing process 200 shown
in FI1G. 2. In the exemplary embodiment, system 400 may be
used for reconstructing the vehicular accident based upon
sensor data, confirming the scenario with user 202 (shown 1n
FIG. 2), and populating one or more claims forms. As
described below 1n more detail, accident monitoring (“AM”)
server 206 (shown 1n FIG. 2) may be configured to receive
sensor data of a vehicular crash from at least one mobile
device 204 (shown in FIG. 2) associated with user 202,
generate a scenario model of the vehicular crash based upon
the received sensor data, transmit the scenario model to a
computer device associated with user 202, receive a confir-
mation of the scenario model from the computer device
associated with user 202, store the scenario model, and/or
generate at least one insurance claim form based upon the
scenar1o model to facilitate quickly and accurately process-
Ing an insurance claim.

[0097] In the exemplary embodiment, user computer
devices 425 are computers that include a web browser or a
soltware application, which enables user computer devices
425 to access AM server 206 using the Internet or other
network. More specifically, user computer devices 425 are
communicatively coupled to the Internet through many
interfaces including, but not limited to, at least one of a
network, such as the Internet, a local area network (LAN),
a wide area network (WAN), or an integrated services digital
network (ISDN), a dial-up-connection, a digital subscriber
line (DSL), a cellular phone connection, and a cable modem.
User computer devices 425 may be any device capable of
accessing the Internet including, but not limited to, a desktop
computer, a laptop computer, a personal digital assistant
(PDA), a cellular phone, a smartphone, a tablet, a phablet,
wearable electronics, smart watch, or other web-based con-
nectable equipment or mobile devices. In some embodi-
ments, user computer device 4235 1s associated with the
policyholder of an account associated with vehicle 100. In
other embodiments, user computer device 425 1s associated
with one of the occupants of vehicle 100. In still other
embodiments, user computer device 425 1s associated with
a third party, such as one of the emergency service person-
nel.

[0098] A database server 410 may be communicatively
coupled to a database 420 that stores data. In one embodi-
ment, database 420 may include vehicular crash scenarios,
sensor data, and/or insurance claim forms. In the exemplary
embodiment, database 420 may be stored remotely from AM
server 206. In some embodiments, database 420 may be
decentralized. In the exemplary embodiment, user 202 may
access database 420 via user computer devices 405 by
logging onto AM server 206, as described herein.

[0099] AM server 206 may be commumicatively coupled
with the user computer devices 425. In some embodiments,
AM server 206 may be associated with, or i1s part of a
computer network associated with an insurance provider, or
in communication with the isurance provider’s computer
network (not shown). In other embodiments, AM server 206
may be associated with a third party and 1s merely in
communication with the insurance provider’s computer net-
work.

[0100] One or more mobile computer devices 4035 may be
communicatively coupled with AM server 206 through the
Internet or a cellular network. In the exemplary embodi-
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ment, mobile computer devices 405 are computers that
include a software application, which enables mobile com-
puter devices 405 to access AM server 206 using the Internet
or other network. More specifically, mobile computer
devices 4035 are communicatively coupled to the Internet
through many interfaces including, but not limited to, at
least one of a network, such as the Internet, a local area
network (LAN), a wide area network (WAN), or an inte-
grated services digital network (ISDN), a dial-up-connec-
tion, a digital subscriber line (DSL), a cellular phone con-
nection, and a cable modem.

[0101] Mobile computer devices 405 may also include one
or more sensors 410. Mobile computer devices 405 may be
configured to receive data from sensors 410 and transmit
sensor data to AM server 206. In some embodiments, mobile
computer device 405 may be mobile device 125 associated
with one of the occupants of vehicle 100. Mobile computer
device 405 may be, but 1s not limited to, a personal digital
assistant (PDA), a cellular phone, a smartphone, a tablet, a
phablet, wearable electronics, smart watch, or other web-
based connectable equipment or mobile devices that allow
them to function as described herein. In other embodiments,
mobile computer device 405 1s vehicle 100, and more
specifically, vehicle controller 110 (shown i FIG. 1). In
some of these embodiments, vehicle controller 110 1s 1n
communication with a second mobile computer device 405,
such as a user computer device 425. In these embodiments,
vehicle controller 110 may be configured to receive sensor
data from user computer device 425 and transmit the sensor
data to AM server 206.

[0102] In the exemplary embodiment, sensor 410 may be
a configured to detect one or more conditions about vehicle
100. For example, sensor 410 may be sensor 105 (shown 1n
FIG. 1). In other embodiments, sensor 410 may be config-
ured to detect one or more conditions of one or more

occupants of vehicle 100, such as driver 115 and/or passen-
gers 120 (both shown in FIG. 1).

Exemplary Client Device

[0103] FIG. 5 depicts an exemplary configuration of user
computer device 425 shown in FIG. 4, in accordance with
one embodiment of the present disclosure. User computer
device 502 may be operated by a user 301. In the exemplary
embodiment, user 301 may be similar to user 202 (shown 1n
FIG. 2). User computer device 502 may include, but 1s not
limited to, user computer devices 425 (shown 1n FIG. 4),

mobile computer device 405 (shown in FIG. 4), vehicle
controller 110 (shown 1 FIG. 1), mobile device 125 (shown

in FIG. 1), and user device 204 (shown in FIG. 2). User
computer device 502 may include a processor 505 for
executing instructions. In some embodiments, executable
instructions are stored 1n a memory area 510. Processor 505
may include one or more processing units (e.g., 1 a multi-
core configuration). Memory areca 510 may be any device
allowing information such as executable instructions and/or
transaction data to be stored and retrieved. Memory area 510
may include one or more computer readable media.

[0104] User computer device 502 may also include at least
one media output component 513 for presenting information
to user 501. Media output component 315 may be any
component capable of conveying information to user 301. In
some embodiments, media output component 315 may
include an output adapter (not shown) such as a video
adapter and/or an audio adapter. An output adapter may be
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operatively coupled to processor 505 and operatively
coupleable to an output device such as a display device (e.g.,
a cathode ray tube (CRT), liquid crystal display (LCD), light
emitting diode (LED) display, or “clectronic ink™ display) or
an audio output device (e.g., a speaker or headphones).

[0105] In some embodiments, media output component
515 may be configured to present a graphical user interface
(e.g., a web browser and/or a client application) to user 501.
A graphical user interface may include, for example, an
online store interface for viewing and/or purchasing items,
and/or a wallet application for managing payment informa-
tion. In some embodiments, user computer device 502 may
include an mput device 520 for receiving mput from user
501. User 501 may use mput device 520 to, without limi-
tation, select and/or enter one or more items to purchase
and/or a purchase request, or to access credential informa-
tion, and/or payment information.

[0106] Input device 520 may include, for example, a
keyboard, a pointing device, a mouse, a stylus, a touch
sensitive panel (e.g., a touch pad or a touch screen), a
gyroscope, an accelerometer, a position detector, a biometric
input device, and/or an audio mput device. A single com-
ponent such as a touch screen may function as both an output
device of media output component 515 and input device

520.

[0107] User computer device 502 may also include a
communication interface 325, communicatively coupled to
a remote device such as AM server 206 (shown 1n FIG. 2)
or vehicle controller 110. Communication interface 525 may
include, for example, a wired or wireless network adapter
and/or a wireless data transceiver for use with a mobile
telecommunications network.

[0108] Stored in memory area 510 are, for example,
computer readable 1nstructions for providing a user interface
to user 501 via media output component 513 and, optionally,
receiving and processing mput from mput device 520. A user
interface may include, among other possibilities, a web
browser and/or a client application. Web browsers enable
users, such as user 301, to display and interact with media
and other information typically embedded on a web page or
a website from AM server 206. A client application allows
user 501 to interact with, for example, AM server 206. For
example, mstructions may be stored by a cloud service, and
the output of the execution of the instructions sent to the
media output component 515.

[0109] Processor 305 executes computer-executable
instructions for implementing aspects of the disclosure. In
some embodiments, the processor 505 1s transformed 1nto a
special purpose microprocessor by executing computer-
executable instructions or by otherwise being programmed.
For example, the processor 505 may be programmed with
the 1nstruction such as 1llustrated in FIG. 8.

[0110] In some embodiments, user computer device 502
may include, or be 1 communication with, one or more
sensors, such as sensor 105 (shown 1n FIG. 1) and sensor
410 (shown 1n FIG. 4). User computer device 502 may be
configured to receive data from the one or more sensors and
store the recerved data in memory area 510. Furthermore,
user computer device 502 may be configured to transmit the
sensor data to a remote computer device, such as AM server
206, through communication interface 3525.
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Exemplary Server Device

[0111] FIG. 6 depicts an exemplary configuration of server
206 shown 1n FIG. 4, 1n accordance with one embodiment of
the present disclosure. Server computer device 601 may
include, but 1s not limited to, database server 415 (shown 1n
FIG. 4), AM server 206, and vehicle controller 110 (shown
in FIG. 1). Server computer device 601 may also include a
processor 6035 for executing instructions. Instructions may
be stored 1n a memory area 610. Processor 605 may include
one or more processing units (e.g., 1n a multi-core configu-
ration).

[0112] Processor 605 may be operatively coupled to a
communication nterface 615 such that server computer
device 601 1s capable of commumcating with a remote
device such as another server computer device 601, mobile
device 125 (shown 1n FIG. 1), mobile computer device 405
(shown in FI1G. 4), user computer device 425 (shown 1n FIG.
4), and AM server 206. For example, communication inter-

face 615 may receive requests from user computer devices
425 via the Internet, as illustrated 1in FIG. 4.

[0113] Processor 605 may also be operatively coupled to
a storage device 634. Storage device 634 may be any
computer-operated hardware suitable for storing and/or
retrieving data, such as, but not limited to, data associated
with database 420 (shown in FI1G. 4). In some embodiments,
storage device 634 may be integrated in server computer
device 601. For example, server computer device 601 may
include one or more hard disk drives as storage device 634.

[0114] In other embodiments, storage device 634 may be
external to server computer device 601 and may be accessed
by a plurality of server computer devices 601. For example,
storage device 634 may include a storage area network
(SAN), a network attached storage (NAS) system, and/or
multiple storage units such as hard disks and/or solid state
disks 1 a redundant array of inexpensive disks (RAID)
coniiguration.

[0115] In some embodiments, processor 605 may be
operatively coupled to storage device 634 via a storage
interface 620. Storage interface 620 may be any component
capable of providing processor 605 with access to storage
device 634. Storage interface 620 may include, for example,
an Advanced Technology Attachment (ATA) adapter, a
Serial ATA (SATA) adapter, a Small Computer System
Interface (SCSI) adapter, a RAID controller, a SAN adapter,
a network adapter, and/or any component providing proces-
sor 605 with access to storage device 634.

[0116] Processor 605 may execute computer-executable
instructions for implementing aspects of the disclosure. In
some embodiments, the processor 605 may be transformed
into a special purpose microprocessor by executing com-
puter-executable instructions or by otherwise being pro-
grammed. For example, the processor 605 may be pro-

grammed with the mstruction such as illustrated in FIGS. 3
and 7.

Exemplary Computer-Implemented Method for Notifying
Emergency Services of a Vehicular Crash

[0117] FIG. 7 illustrates a flow chart of an exemplary
computer implemented process 700 for notifying emergency
services of a vehicular crash using system 400 shown 1n
FIG. 4. Process 700 may be implemented by a computing
device, for example AM server 206 (shown 1n FIG. 2). In the
exemplary embodiment, AM server 206 may be 1n commu-
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nication with a mobile computer device 405 (shown 1n FIG.
4), such as mobile device 125, vehicle controller 110 (both
shown 1n FIG. 1), and user device 204 (shown 1n FIG. 2).

[0118] In the exemplary embodiment, AM server 206 may
receive 705 sensor data of a vehicular crash from at least one
mobile computer device 405 associated with a user, such as
user 202 (shown 1n FIG. 2). In the example embodiment,
user 202 1s an 1nsurance policyholder associated with at least
one vehicle 100 (shown in FIG. 1) that 1s involved 1n a
vehicular crash or accident. In some embodiments, mobile
computer device 405 may be mobile device 125 shown 1n
FIG. 1. In these embodiments, user device 204 may be a
smart phone or other computer device associated with user
202. User 202 may be driver 115 or passenger 120 of vehicle
100.

[0119] In the exemplary embodiment, mobile computer
device 405 receives the sensor data from at least one sensor
410 associated with mobile computer device 405. In some
embodiments, at least one sensor may be one or more of
plurality of sensors 105 (shown 1n FIG. 1) 1n vehicle 100. In
other embodiments, at least one sensor 410 may be an
accelerometer, gyroscope, compass, or other sensor 1n
mobile device 125. In the exemplary embodiment, the
sensor data provides information about the vehicular crash.
This information includes, but 1s not limited to, vehicular
conditions prior to, during, and after the accident or crash
(1.e., speed, acceleration, location, direction of travel, infor-
mation about surroundings, and operating conditions),
weight distribution information, forces and directions of
forces experienced and/or received during the accident (i.e.,
changes 1n speed and direction), information about the
occupants of vehicle 100 (1.e., number, weight, location,
position, and seatbelt status), details about vehicle 100 (1.e.,
make, model, and mileage), and any actions that vehicle 100
took during the accident (1.e., airrbag deployment). In some
embodiments, sensor data may include data for a period of
time prior to the vehicular accident and continue through a
period of time after the vehicular accident.

[0120] In some embodiments, vehicle controller 110 col-
lects the sensor data from sensors 105 and transmits the
sensor data to AM server 206. In other embodiments, mobile
device 125 transmits 1ts collected sensor data to AM server
206. In still other embodiments, mobile device 125 1s 1n
communication with vehicle controller 110. In these other
embodiments, mobile device 125 transmits its collected
sensor data to vehicle controller 110 and vehicle controller
110 transmits the sensor data from mobile device 125 and
from vehicle’s sensors 105 to AM server 206.

[0121] In the exemplary embodiment, AM server 206
generates 710 a scenario model of the vehicular crash based
upon the received sensor data. In the exemplary embodi-
ment, AM server 206 accesses a database, such as database
420 (shown 1n FIG. 4). Database 420 may contain a plurality
ol crash scenarios and the sensor data associated with these
crash scenarios. The scenarios may be based upon informa-
tion from vehicle crash testing facilities, from past crashes
that AM server 206 has analyzed, and/or from other sources
that allow AM server 206 to operate as described herein. AM
server 206 compares the received sensor data with the
different stored crash scenarios to generate 710 a scenario
model that 1s the most likely match for the vehicular crash.
For example, AM server 206 may determine that vehicle 100
was rear-ended by another vehicle that was going approxi-
mately 30 miles an hour while vehicle 100 was stopped.
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[0122] In some embodiments, AM server 206 may gener-
ate a plurality of scenario models that may fit the sensor data
received. AM server 206 may then rank the generated
scenarios based upon the likelihood or degree of certainty
that the scenario 1s correct. In some further embodiments,
AM server 206 may compare the degree of certainty to a
predetermined threshold.

[0123] AM server 206 may store 713 the scenario model.
In the exemplary embodiment, AM server 206 may be 1n
communication with one or more emergency services pro-
viders, such as a towing service, an emergency medical
service provider, a police department, a fire department,
and/or some other emergency responder. AM server 206
may transmit 720 a message about the vehicular accident to
one or more of these emergency service providers based
upon the scenario model and the location of the vehicular
crash. For example, 1n the rear-end example AM server 206
may contact the nearest emergency medical service provider
and request immediate deployment for treatment of a poten-
tial neck 1njury on dniver 115. AM server 206 may also
provide other information from the scenario model to the
contacted emergency service provider.

[0124] In some embodiments, AM server 206 may be able
to determine one or more potential mjuries to one or more
occupants of the vehicle based upon the scenario model. For
example, 1in the rear-end accident example AM server 206
may determine that there 1s a 40% chance that driver 115
may have incurred a minor neck njury. In some embodi-
ments, AM server 206 may determine potential injuries have
occurred to an occupant based upon the occupant’s position
relative to vehicle 100 and/or the support structures of
vehicle 100. AM server 206 may then transmit the one or
more potential injuries to user device 204 for confirmation
by user 202. Based upon which injunies that user 202
indicates where incurred, AM server 206 then may update
the scenario model.

[0125] In some embodiments, AM server 206 may trans-
mit a message to user 202 that emergency personnel have
been contacted and are on their way. The message may
further instruct user 202 wait to be checked by emergency
personnel. For example, user 202 may feel fine, but since
AM server 206 determined there 1s a chance that user 202
has incurred an 1njury, AM server 206 may request that user
202 wait to be checked out rather than waving ofl help.

[0126] Based upon the stored scenario model for the
vehicular crash, AM server 206 generates 330 at least one
insurance claim form for the vehicular accident. In the
exemplary embodiment, AM server 206 retrieves one or
more stored blank claim forms, such as from database 420.
AM server 206 may then populate one or more of the blank
fields of the retrieved blank forms based upon the scenario
model. Based upon the completeness of the stored scenario
model, AM server 206 may be able to fill out multiple forms
and describe the accident in detail. AM server 206 may also
be able to determine one or more damages that vehicle 100
would have incurred in the vehicular accident. AM server
206 may also be able to estimate a cost of repairs or
replacement.

[0127] In some embodiment, AM server 206 may add the
stored scenario model and the associated sensor data to
database 420 to improve the stored models. In these embodi-
ments, AM server 206 may be executing one or more
machine learming algorithms to improve the accuracy of the
generating scenario models.
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[0128] In some further embodiments, AM server 206 may
receive sensor data from more than one vehicle mvolved in
the vehicular accident. AM server 206 may then combine the
sensor data from the multiple vehicles to update the scenario
model. AM server 206 may also expand the scenario model
for the occupants of each other vehicle involved i the
vehicular accident.

[0129] In some embodiments, mobile device 125 may be
able to determine that 1t 1s currently in a pocket of user 202.
In these embodiments, AM server 206 may be able to
determine the exact amounts of force and directions of force
that were exerted on user 202 during the vehicular accident.
Based upon this information, AM server 206 may be able to
more accurately determine the potential injuries received by
user 202 and notily emergency personnel of those potential
1njuries.

[0130] In some embodiments, AM server 206 may deter-
mine a severity ol the vehicular accident. The determined
severity may be based upon a plurality of levels of severity,
such as set by government or a standards setting organiza-
tion. Examples may include, but are not limited to, vehicle
damage scale, damage severity code, and injury severity
score. AM server 206 may transmit the determined severity
to the one or more emergency services providers.

[0131] In some embodiments, the state of connectivity of
each sensor 105 in vehicle 100, each mobile device 125 1n
vehicle 100, and vehicle controller 110 are tracked by AM
server 206. In some embodiments, the state of connectivity
1s used 1n validating the data stream. In other embodiments,
the state of connectivity 1s used in determining the severity
of the vehicular accident. In these embodiments, AM server
206 determines the extent of trauma required to induce
damage to sensor 105, mobile device 1235, or vehicle con-
troller 110 severe enough to sever the connection to the
corresponding item 1n relation to the point of impact. For
example, 11 the scenario 1s for a driver’s side impact and a
mobile device 125 1n driver’s pocket 1s destroyed, then
severity 1s likely level x. Other scenarios may include, but
are not lmited to, front (left/mght) impact and battery
connection to ECU severed or head-on impact and Bluetooth
module 1n dashboard destroyed.

Exemplary Computer-Implemented Method for Detecting a
Vehicular Crash

[0132] FIG. 8 illustrates a flow chart of an exemplary
computer implemented process 800 for detecting a vehicular
crash using system 400 shown in FIG. 4. Process 800 may
be implemented by a computing device, for example mobile
computer device 405 (shown 1n FIG. 4). In the exemplary
embodiment, mobile computer device 125 may be in com-
munication with AM server 206 (shown 1n FIG. 2). In a first
exemplary embodiment, mobile computer device 405 may
be vehicle controller 110 1 vehicle 100 (both shown 1n FIG.
1). In a second exemplary embodiment, mobile computer
device 405 may be mobile device 125 (shown in FIG. 1).
[0133] In the exemplary embodiment, mobile computer
device 403 receives 805 data from at least one sensor 410
(shown 1 FIG. 4). In the first exemplary embodiment, at
least one sensor 410 may be one or more of plurality of
sensors 105 (shown 1 FIG. 1) i vehicle 100. In the second
exemplary embodiment, the at least one sensor 410 may be
an accelerometer in mobile device 125.

[0134] Mobile computer device 4035 determines 810 that a
potential vehicular crash 1s 1mminent based upon the
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received sensor data. For example, in the first exemplary
embodiment, sensor 103 1s an external sensor and may show
that another vehicle 1s about to collide with vehicle 100. Or
sensor 105 may be an impact sensor or any other sensor that
allows mobile computer device 405 to work as described
herein. In the second exemplary embodiment, mobile device
125 may have been loose 1n vehicle, such as resting on the
dashboard or sitting in a cup holder when the accident
occurred. The data from the accelerometer may indicate that
mobile device 125 1s airborne. Or mobile device 125 may
have been 1n a pocket of driver 115 or passenger 120 (both
shown 1n FIG. 1). The data from accelerometer may indicate
that forces on mobile device 125 indicate that an accident
may be occurring. In some scenarios, where mobile device
125 may be loose 1n vehicle 100, mobile device 125 may be
¢jected through a windshield or out through a side window.
In these scenarios, AM server 206 may determine that
mobile device 125 has left vehicle 100 and 1s no longer
providing data about vehicle 100. In these scenarios, AM
server 206 may determine the point that mobile device 125
exited vehicle 100 and not use data from mobile device 125
aiter that point.

[0135] Mobile computer device 4035 transmits 813 one or
more high priority packets to AM server 206 indicating that
a vehicular crash may be imminent or may be currently
occurring. Mobile computer device 405 may 1nstruct com-
munication interface 523 (shown 1n FIG. 5) to override any
current communication to transmit 815 the high priority
packets. For example, mobile computer device 405 may
transmit 815 the high priority packets to indicate the crash
before mobile computer device 405 1s rendered inoperable
or incapable of transmitting data due to the vehicular acci-
dent. In some embodiments, mobile computer device 405
may also transmit at least part of the received sensor data.
Mobile computer device 405 may transmit 815 priority data
for as long as it 1s able.

[0136] In one exemplary embodiment, the first high pri-
ority packet transmitted 1ndicates that a crash i1s potentially
imminent or currently occurring. Based upon that packet,
AM server 206 knows to listen for any sensor data or a
broadcast of sensor data. Furthermore, the receipt of the high
priority packet may be the indication that an accident has
been detected 208 (shown in FIG. 2). Any packets that
mobile computer device 405 transmits after the first packet
may contain sensor data. The first high priority packet may
also 1nstruct AM server 206 to not transmit and to only listen
for packets. Mobile computer device 405 may be configured
to only transmit 815 high priority packets after determining
810 that an accident may be occurring or about to occur.
Mobile computer device 405 may also be configured to not
allow any other communication channel to be used for a
period of time after the accident 1s detected 208. This
restriction may be to allow as much sensor data to be
uploaded as quickly as possible. After a period of time,
mobile computer device 405 may allow other communica-
tions to be placed, such as phone calls to emergency
SErvices.

Exemplary Vehicular Crash Detection

[0137] FIG. 91llustrates a flow chart of another exemplary
computer-implemented process 900 of detecting a vehicular
crash using system 400 (shown in FIG. 4). Process 900 may
be implemented by a computing device, for example vehicle
computer device 110 (shown i FIG. 1). In some embodi-
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ments, parts of process 900 may be implemented by AM
server 4135 (shown 1n FI1G. 2). In the exemplary embodiment,

vehicle computer device 110 may be 1n communication with
AM server 415.

[0138] In the exemplary embodiment, vehicle computer
device 110 recerves 903 data from at least one internal facing
sensor 105 (shown in FIG. 1). In the exemplary embodi-
ment, at least one internal facing sensor 105 may be one or
more of plurality of sensors 105 (shown 1n FIG. 1) in vehicle
100 (shown 1n FIG. 1). Internal facing sensors 105 may
include cabin-facing sensors that may be configured to
collect sensor data associated with occupants (1.¢., a driver
115 and a passenger 120 (both shown i FIG. 1)) and/or
luggage within the vehicle, such as a location and/or a
position of the occupants. The location of an occupant may
refer to a particular seat or other portion of the vehicle where
the occupant 1s located. The position of an occupant may
refer to a body and/or limb orientation of an occupant
relative to the vehicle or components of the vehicle, such as
a steering wheel, a front portion of the vehicle, and the like.
In some embodiments, the sensors may be configured to
collect sensor data associated with weight distribution infor-
mation of the vehicle, occupants, luggage, fuel, and so forth.
In these embodiments, plurality of sensors 105 may detect
the presence of fastened seatbelts, the weight in each seat in
vehicle 100, heat signatures, distinct voices, 1mage recog-
nition, weight on each wheel, which TV monitors are active,
cameras, phone detection, sensors from one or more mobile
devices 125 (shown in FIG. 1), and/or any other method of
detecting information about driver 115 and passengers 120
in vehicle 100.

[0139] In the exemplary embodiment, vehicle computer
device 110 receives 910 data from at least one external
sensor 105 (shown in FIG. 1). In the exemplary embodi-
ment, at least one external sensor 105 may be one or more
of plurality of sensors 105 (shown 1n FIG. 1) in vehicle 100.
The plurality of external sensors 105 may detect the current
surroundings and location of vehicle 100. Plurality of exter-
nal sensors 105 may include, but are not limited to, radar,
LIDAR, Global Positioning System (GPS), video devices,
imaging devices, cameras, audio recorders, and computer
vision. Plurality of external sensors 105 may also include
sensors that detect conditions of vehicle 100, such as veloc-
ity, acceleration, gear, braking, and other conditions related
to the operation of vehicle 100.

[0140] Vehicle computer device 110 determines 915 that a
potential vehicular crash 1s imminent based upon the
received external sensor data. For example, in the exemplary
embodiment, external sensor 105 1s an external sensor and
may show that another vehicle 1s about to collide with
vehicle 100. Or external sensor 105 may be an impact sensor
or any other sensor that allows vehicle computer device 110
to work as described herein.

[0141] Vehicle computer device 110 determines 920 posi-
tional information for at least one occupant of vehicle 100.
Positional information may include a position of an occu-
pant, a direction of facing of the occupant, a size of the
occupant, and/or a skeletal positioning of the occupant. The
position of the occupant may include which seat the occu-
pant occupies. The direction of facing of the occupant may
include whether the occupant 1s facing forward, reaching
torward, reaching to the side, and/or has his/her head turned.
The size of the occupant may determine whether the occu-
pant 1s an adult or a child. The size of the occupant may also
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include the occupant’s height. The skeletal positioning may
include positioning of the occupant’s joints, spine, arms,
legs, torso, neck face, head, major bones, hands, and/or feet.
In some embodiments, the internal sensors 105 constantly
transmit sensor data to vehicle computer device 110, which
constantly determines 920 the positional information of the
occupants. In other embodiments, vehicle computer device
110 transmits the internal sensor data to AM server 415,
which determines 920 the positional information and trans-
mits that information to vehicle computer device 110.

[0142] In some embodiments, vehicle computer device
110 generates a scenario model of the potential vehicular
crash based upon the received external and/or internal sensor
data. Scenario models may predict damage to vehicle 100
and injuries that may be experiences by dniver 115 and
passengers 120 of vehicle 100. In the exemplary embodi-
ment, vehicle computer device 110 accesses a database, such
as database 202 (shown in FIG. 2). Database 202 may
contain a plurality of crash scenarios and the sensor data
associated with these crash scenarios. The scenarios may be
based upon information from vehicle crash testing facilities,
from past crashes that AM server 415 has analyzed, and/or
from other sources that allow vehicle computer device 110
to operate as described herein. Vehicle computer device 110
compares the recerved sensor data with the diflerent stored
crash scenarios to generate a scenario model that 1s the most
likely match for the imminent vehicular crash. In some
further embodiments, vehicle computer device 110 may
communicate the sensor data to AM server 415, where AM
server 415 may generate the scenario model. In the some of
these embodiments, vehicle computer device 110 determines
one or more potential 1njuries to one or more occupants of
vehicle 100 based upon the positional information and the
scenario model. Vehicle computer device 110 may also
determine a severity for each potential injury.

[0143] In some embodiments, vehicle computer device
110 generates a plurality of scenario models that may fit the
sensor data received. Vehicle computer device 110 may then
rank the generated scenarios based upon the likelihood or
degree of certainty that the scenario 1s correct. In some
further embodiments, vehicle computer device 110 may
compare the degree of certainty to a predetermined thresh-

old.

[0144] In the exemplary embodiment, vehicle computer
device 110 performs 925 at least one action to reduce a
severity of a potential injury to at least one occupant prior to
impact. Using the scenario model, vehicle computer device
110 may be able to determine an advantageous direction of
facing for the at least one occupant. Vehicle computer device
110 may then generate a sound through the audio system of
vehicle 100, such a horn or alarm sound. The sound would
be generated to cause the at least one occupant to change to
the advantageous direction of facing. For example, vehicle
computer device 110 may generate a honking sound to cause
the passenger to turn around to prevent or reduce potential
injuries during the imminent vehicular crash. Additionally or
alternatively, vehicle computer device 110 may select and
engage one or more autonomous or semi-autonomous
vehicle features or systems 1n an attempt to avoid or mitigate
the vehicle collision.

[0145] The types ol autonomous or semi-autonomous
vehicle-related functionality or technology that may be used
with the present embodiments to replace human driver
actions may include and/or be related to the following types
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of functionality: (a) fully autonomous (driverless); (b) lim-
ited driver control; (¢) vehicle-to-vehicle (V2V) wireless
communication; (d) vehicle-to-infrastructure (and/or vice
versa) wireless communication; (¢) automatic or semi-auto-
matic steering; (1) automatic or semi-automatic acceleration;
(g) automatic or semi-automatic braking; (h) automatic or
semi-automatic blind spot monitoring; (1) automatic or semi-
automatic collision warning; (1) adaptive cruise control; (k)
automatic or semi-automatic parking/parking assistance; (1)
automatic or semi-automatic collision preparation (windows
roll up, seat adjusts upright, brakes pre-charge, etc.); (m)
driver acuity/alertness monitoring; (n) pedestrian detection;
(0) autonomous or semi-autonomous backup systems; (p)
road mapping systems; (q) software security and anti-hack-
ing measures; (r) theft prevention/automatic return; (s) auto-
matic or semi-automatic driving without occupants; and/or
other functionality.

[0146] For the method discussed directly above, the wire-
less communication-based autonomous or semi-autonomous
vehicle technology or functionality may include and/or be
related to: automatic or semi-automatic steering; automatic
or semi-automatic acceleration and/or braking; automatic or
semi-automatic blind spot monitoring; automatic or semi-
automatic collision warning; adaptive cruise control; and/or
automatic or semi-automatic parking assistance. Addition-
ally or alternatively, the autonomous or semi-autonomous
technology or functionality may include and/or be related to:
driver alertness or responsive monitoring; pedestrian detec-
tion; artificial intelligence and/or back-up systems; naviga-
tion or GPS-related systems; security and/or anti-hacking,
measures; and/or theft prevention systems.

[0147] In other embodiments, vehicle computer device
110 may be able to determine an advantageous position for
the at least one occupant. Vehicle computer device 110 may
cause a seat to shift or move, such as adjusting the recline
angle of the seat, to cause the occupant to change to the
advantageous position. Vehicle computer device 110 may
also rotate the seat of occupant to cause the occupant to
change to the advantageous position or advantageous facing.

[0148] In yet other embodiments, vehicle computer device
110, 1n addition to or alternatively to detecting a potential or
actual vehicle collision, may also reconstruct a vehicle
collision. For instance, vehicle computer device 110 may use
the internal sensor data and/or external sensor data generated
and/or collected to reconstruct passenger position within the
vehicle, as well as vehicle speed and direction, prior to,
during, and after a vehicle collision or impact. The vehicle
computer device 110 may include additional, less, or alter-
nate functionality, including that discussed -elsewhere
herein, to reconstruct vehicle collisions.

[0149] In some further embodiments, sensors 105 may
detect one or more loose objects in the passenger cabin of
vehicle 100. Examples of loose objects include, but are not
limited to, mobile electronics, purses and other bags, toys,
tissue boxes, trash, and other objects 1in the vehicle that
would move during a vehicular collision. In these embodi-
ments, AM server 415 may include the one or more loose
objects 1n the model scenario and may predict one or more
injuries based upon potential trajectories of the one or more
loose objects.

[0150] For instance, 1n one embodiment, a computer sys-
tem for reconstructing a vehicle collision may be provided.
The computer system may 1nclude one or more processors,
sensors, and/or transceivers 1n communication with at least
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one memory device. The one or more processors, sensors,
and/or transceivers may be programmed or otherwise con-
figured to: (1) receive occupant data from at least one
internal sensor, the occupant data being generated or col-
lected before, during, and/or after the vehicle collision; (2)
recelve external data from the at least one external sensor,
the external data being generated or collected before, during,
and/or after the vehicle collision; (3) determine positional
information for at least one occupant of a vehicle belore,
during, and/or after the vehicle collision; and/or (4) generate
a virtual reconstruction of the vehicle crash, the virtual
reconstruction mndicating a severity of vehicle damage and a
severity of a potential injury to the at least one occupant
caused by the vehicle collision. The severity of vehicle
damage and a severity of a potential injury to the at least one
occupant caused by the vehicle collision may be determined
or estimated from processor analysis performed by the one
or more processors of (1) the occupant data being generated
or collected betfore, during, and/or after the vehicle collision;
(11) the external data being generated or collected before,
during, and/or after the vehicle collision; and/or (111) the
positional information for at least one occupant of a vehicle
betore, during, and/or after the vehicle collision.

[0151] The one or more processors may be further pro-
grammed to: determine a position and a direction of facing
ol at least one occupant of the vehicle betfore, during, and/or
after the vehicle collision based upon the internal data;
determine occupant skeletal positioning for the at least one
occupant before, during, and/or after the vehicle collision
based upon the internal data; and/or determine a size of the
at least one occupant based upon the internal data.

[0152] In another embodiment, a computer-based method
for reconstructing a vehicle collision may be provided. The
method may be implemented on a vehicle computer device
including one or more processors, sensors, and/or transce1v-
ers 1n communication with at least one memory device. The
method may include, via the one or more processors, sen-
sors, and/or transceivers: (1) recerving occupant data from at
least one 1nternal sensor, the occupant data being generated
or collected betfore, during, and/or after the vehicle collision;
(2) recerving external data from the at least one external
sensor, the external data being generated or collected before,
during, and/or atter the vehicle collision; (3) determining, by
the vehicle computer device, positional information for at
least one occupant of a vehicle before, during, and/or after
vehicle collision; and/or (4) generating a virtual reconstruc-
tion of the vehicle collision, the virtual reconstruction 1ndi-
cating a severity ol damage to the vehicle and a severity of
a potential 1njury to the at least one occupant caused by the
vehicle collision. The severity of vehicle damage and a
severity of a potential injury to the at least one occupant
caused by the vehicle collision may be determined or
estimated from processor analysis performed by the one or
more processors of (1) the occupant data being generated or
collected belfore, during, and/or after the vehicle collision;
(11) the external data being generated or collected belfore,
during, and/or after the vehicle collision; and/or (i11) the
positional information for at least one occupant of a vehicle
betore, during, and/or after the vehicle collision. The method

may 1nclude additional, less, or alternate actions, including
those discussed elsewhere herein.
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Exemplary Extent of Injury Estimation

[0153] FIG. 11 1illustrates a flow chart of an exemplary
computer-implemented process of estimating an extent of
injury to vehicle occupants resulting from a vehicle collision
1100. The method 1100 may include generating and collect-
ing sensor data regarding vehicle occupant positioning prior
to, during, and/or after a vehicle collision from one or more
occupant position sensors 1102. The one or more occupant
position sensors may be in-cabin vehicle-mounted sensors
and/or mobile-device (e.g., wearables, smart phone, etc.)
SENsors.

[0154] The method 1100 may include determining a
vehicle collision occurred from vehicle or mobile device
sensor data, and estimating the impact force and direction of
impact force of the vehicle collision from processor analysis
of the vehicle and/or mobile device sensor data 1104. The
method 1100 may include virtually reconstructing occupant
body positioning with the vehicle prior to, during, and/or

alter the vehicle collision based upon the occupant position
sensor data 1106.

[0155] The method 1100 may include reconstructing a
vehicle weight distribution prior to, during, and/or after the
vehicle collision 1108. For instance, vehicle weight distri-
bution calculated may include and/or account for several
factors, such as occupant location and weight, seat occupied
by the occupant(s), location and weight of luggage or cargo,
and vehicle support structure (e.g., seat position).

[0156] The method 1100 may include reconstructing occus-
pant skeletal positioning prior to, during, and/or after the
vehicle collision 1110. Occupant skeletal positioning may
include and/or account for position of occupant joins, spine,
arms, legs, torso, neck, face, head, major bones, hands, feet,
etc. Occupant skeletal positioning may also include, account
for, and/or characterize occupant position as normal or
tace-forward sitting, reaching forward, reaching to the side
or rear, torso or spine twisted, head or neck twisted or
turned, size of occupant (adult, child, height, weight), etc.

[0157] The method 1100 may include estimating or cal-
culating a likelihood and/or type (or body location) of major
injury to one or more occupants based upon (1) impact force
and direction of force on the vehicle; (2) vehicle weight
distribution; and/or (3) occupant skeletal positioning prior
to, during, and/or after the vehicle colliston 1112. For
instance, the method 1000 may determine or estimate 1f
there was an abnormal stress on joints or bones, such as
determine 1f any broken bones likely resulted from the
vehicle collision.

[0158] The method 1100 may include 11 the likelihood of
major mjury to any occupant 1s greater than a pre-deter-
mined threshold (such as greater than 5, 10, or 20%). If so,
the method 1100, may take corrective action 1114. For
instance, the method 1100 may request an ambulance and/or
notily a hospital via wireless communication or data trans-
mission sent over one or more radio frequency links or
communication channels.

Exemplary Autonomous Feature Selection & Engagement

[0159] In one aspect, a computer system for detecting a
vehicular crash, and/or selecting an autonomous or semi-
autonomous vehicle feature or system to engage to avoid or
mitigate the vehicle collision may be provided. The com-
puter system may include one or more processors, sensors,
and/or transceivers 1in communication with at least one
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memory device. The one or more processors, sensors, and/or
transceivers may be programmed to: (1) receive occupant
data from at least one internal sensor, the occupant data
being generated or collected prior to a vehicle collision; (2)
receive external data from the at least one external sensor,
the external data being generated or collected prior to the
vehicle collision; (3) determine that a potential vehicular
crash 1s imminent based upon the received external data; (4)
determine positional information for at least one occupant of
a vehicle based upon the occupant data; and/or (5) auto-
matically engage an autonomous or semi-autonomous
vehicle feature or system to avoid the vehicle collision or
otherwise mitigate vehicle damage and/or occupant injury
caused by the vehicle collision.

[0160] The one or more processors, sensors, and/or trans-
ceivers may be configured or programmed to select an
autonomous or semi-autonomous vehicle feature or system
to engage based upon (1) the occupant data, (11) the external
data, and/or (111) the positional information. Additionally or
alternatively, the system may be configured to select an
autonomous or semi-autonomous vehicle feature or system
to engage based upon (1) vehicle weight distribution; and/or
(2) occupant skeletal positioning prior to the vehicle colli-
s1on (as determine from analysis of vehicle-mounted and/or
mobile device sensor data, and discussed with respect to
FIG. 11). The system may include additional, less, or alter-
nate functionality, including that discussed -elsewhere
herein.

[0161] In another aspect, a computer-based method for
detecting a vehicular crash and/or selecting an autonomous
or semi-autonomous vehicle feature to engage may be
provided. The method may be implemented on a vehicle
computer device mncluding one or more processors, sensors,
and/or transceivers in communication with at least one
memory device. The method may include, via the one or
more processors, sensors, and/or transceivers: (1) receiving,
occupant data from at least one 1nternal sensor; (2) receiving
external data from the at least one external sensor; (3)
determining, by the vehicle computer device, that a potential
vehicular crash 1s imminent based upon the received exter-
nal data; and/or (4) automatically engaging an autonomous
or semi-autonomous vehicle feature or system to avoid the
vehicle collision or otherwise mitigate damage caused by the
vehicle collision. The method may further include determin-
ing, via the one or more processors, sensors, and/or trans-
celvers, positional information for at least one occupant of
a vehicle based upon the occupant data.

[0162] The method may include selecting, via the one or
more processors, sensors, and/or transceivers, an autono-
mous or semi-autonomous vehicle feature or system to
engage based upon (1) the occupant data, (11) the external
data, (111) the positional information, and/or other sensor
data. For instance, an amount of deceleration or force to
apply to the brakes may be determined based upon the (1)
occupant data, (1) external data, and/or (111) positional
information. Additionally or alternatively, the method may
include selecting, via the one or more processors, sensors,
and/or transceivers, an autonomous or semi-autonomous
vehicle feature or system to engage based upon (1) vehicle
weilght distribution; and/or (2) occupant skeletal positioning
prior to the vehicle collision (as determine from analysis of
vehicle-mounted and/or mobile device sensor data, and
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discussed with respect to FIG. 11). The method may include
additional, less, or alternate actions, including those dis-
cussed elsewhere herein.

[0163] The types of autonomous or semi-autonomous
vehicle-related functionality or technology that may be used
with the present embodiments to replace human driver
actions may include and/or be related to the following types
of functionality: (a) fully autonomous (driverless); (b) lim-
ited driver control; (¢) vehicle-to-vehicle (V2V) wireless
communication; (d) vehicle-to-infrastructure (and/or vice
versa) wireless communication; (¢) automatic or semi-auto-
matic steering; (1) automatic or semi-automatic acceleration;
(g) automatic or semi-automatic braking; (h) automatic or
semi-automatic blind spot monitoring; (1) automatic or semi-
automatic collision warning; (1) adaptive cruise control; (k)
automatic or semi-automatic parking/parking assistance; (1)
automatic or semi-automatic collision preparation (windows
roll up, seat adjusts upright, brakes pre-charge, etc.); (m)
driver acuity/alertness monitoring; (n) pedestrian detection;
(0) autonomous or semi-autonomous backup systems; (p)
road mapping systems; (q) software security and anti-hack-
ing measures; (r) theft prevention/automatic return; (s) auto-
matic or semi-automatic driving without occupants; and/or
other functionality.

[0164] For the method discussed directly above, the wire-
less communication-based autonomous or semi-autonomous
vehicle technology or functionality may include and/or be
related to: automatic or semi-automatic steering; automatic
or semi-automatic acceleration and/or braking; automatic or
semi-automatic blind spot monitoring; automatic or semi-
automatic collision warning; adaptive cruise control; and/or
automatic or semi-automatic parking assistance. Addition-
ally or alternatively, the autonomous or semi-autonomous
technology or functionality may include and/or be related to:
driver alertness or responsive monitoring; pedestrian detec-
tion; artificial intelligence and/or back-up systems; naviga-
tion or GPS-related systems; security and/or anti-hacking
measures; and/or thelt prevention systems.

Exemplary Computer Device

[0165] FIG. 10 depicts a diagram 1000 of components of
one or more exemplary computing devices 1010 that may be
used 1n system 400 shown 1n FIG. 4. In some embodiments,
computing device 1010 may be similar to AM server 206
(shown in FIG. 2). Database 1020 may be coupled with
several separate components within computing device 1010,
which perform specific tasks. In this embodiment, database
1020 may include vehicular crash scenarios 1022, sensor
data 1024, and/or insurance claim forms 1026. In some
embodiments, database 1020 1s similar to database 420

(shown 1n FIG. 4).

[0166] Computing device 1010 may include the database
1020, as well as data storage devices 1030. Computing
device 1010 may also include a communication component
1040 for receiving 305 sensor data, transmitting 315 the
scenar1o model, and receiving 320 a confirmation (all shown
in FIG. 3). Computing device 1010 may further include a
generating component 1050 for generating 310 a scenario
model and generating 330 at least one 1nsurance claim form
(both shown 1n FIG. 3). A processing component 1060 may
assist with execution of computer-executable instructions
associated with the system.
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Exemplary Autonomous Systems

[0167] The types of autonomous or semi-autonomous
vehicle-related tunctionality or technology that may be used
with the present embodiments to replace human driver
actions may include and/or be related to the following types
of functionality: (a) fully autonomous (driverless); (b) lim-
ited driver control; (¢) vehicle-to-vehicle (V2V) wireless
communication; (d) vehicle-to-infrastructure (and/or vice
versa) wireless communication; (¢) automatic or semi-auto-
matic steering; (1) automatic or semi-automatic acceleration;
(g) automatic or semi-automatic braking; (h) automatic or
semi-automatic blind spot monitoring; (1) automatic or semi-
automatic collision warning; (1) adaptive cruise control; (k)
automatic or semi-automatic parking/parking assistance; (1)
automatic or semi-automatic collision preparation (windows
roll up, seat adjusts upright, brakes pre-charge, etc.); (m)
driver acuity/alertness monitoring; (n) pedestrian detection;
(0) autonomous or semi-autonomous backup systems; (p)
road mapping systems; (q) software security and anti-hack-
ing measures; (r) theft prevention/automatic return; (s) auto-
matic or semi-automatic driving without occupants; and/or
other functionality.

[0168] For the method discussed directly above, the wire-
less communication-based autonomous or semi-autonomous
vehicle technology or functionality may include and/or be
related to: automatic or semi-automatic steering; automatic
or semi-automatic acceleration and/or braking; automatic or
semi-automatic blind spot monitoring; automatic or semi-
automatic collision warning; adaptive cruise control; and/or
automatic or semi-automatic parking assistance. Addition-
ally or alternatively, the autonomous or semi-autonomous
technology or functionality may 1nclude and/or be related to:
driver alertness or responsive momtoring; pedestrian detec-
tion; artificial intelligence and/or back-up systems; naviga-
tion or GPS-related systems; security and/or anti-hacking
measures; and/or thelt prevention systems.

[0169] Below are some examples of autonomous or semi-
autonomous vehicle-related functionality or technology
replacing human driver action when AM server 4135 deter-
mines that a vehicular crash 1s imminent. AM server 4135
generates a scenario model of the potential vehicular crash
and determines at least one potential injury to at least one
occupant of vehicle 100 based upon the scenario model. In
a first example, AM server 415 may determine that the
occupant 1s facing the wrong direction and that the angle of
impact may cause serious injury to the occupant. AM server
415 may sound a noise, such as a horn, to attract the attention
of the occupant and entice the occupant to change their
direction of facing, such as towards the sounds.

[0170] In some examples, AM server 415 may 1nitiate a
change 1n the angle of impact of the vehicular impact to
reduce potential injuries. For example, AM server 415 may
cause change 1n the angle of impact to change the forces that
will atlect the occupants of vehicle 100. AM server 415 may
also change where the impact will occur on vehicle 100. For
example, AM server 415 may determine that it 1s better for
the 1mpact to occur at the front of vehicle 100, where the
engine 1s, mstead of 1n the area of the passenger cabin. AM
server 415 may also determine how to change the angle of
impact to be a glancing blow instead of a direct collision.

[0171] To implement these changes, AM server 415 may
instruct an autonomous or semiautonomous system to acti-
vate to change the angle of impact. For example, AM server
415 may activate the steering to cause the wheels of vehicle
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100 to turn to cause the impact to be on a different part of
vehicle 100 or at a different angle. AM server 415 may also
cause the brakes to activate, or, counterintuitively, may
cause the brakes to not activate and instead accelerate
vehicle 100 to change where the impact occurs. In another
example, AM server 415 may cause the airbags to deploy at
different points 1n time during the vehicular impact based
upon the scenario model to reduce the severity of the
potential injuries.

[0172] As described above, vehicle 100 may include a
pedestrian detection system that allows AM server 415 to
determine the positions of pedestrians around vehicle 100
and how the vehicular impact may affect the pedestrians.
AM server 415 may rotate or reposition vehicle to reduce the
likelihood of injury to the pedestrians. In some examples,
AM server 415 may choose between impacting another
vehicle and impacting a stationary object. Based upon the
scenario models, AM server 415 may determine that the
potential mnjury to one or more occupants of vehicle may be
lessened by impacting the stationary objection. AM server
415 may cause vehicle 100 to steer into stationary object
instead of a different vehicle.

EXEMPLARY EMBODIMENTS &
FUNCTIONALITY

[0173] Inone aspect, a computer system for reconstructing
a vehicular crash may be provided. The computer system
may include at least one processor in communication with at
least one memory device. The at least one processor may be
configured or programmed to: (1) recerve sensor data of a
vehicular crash from at least one mobile device associated
with a user; (2) generate a scenario model of the vehicular
crash based upon the received sensor data; (3) transmit the
scenario model to a user computer device associated with
the user; (4) receive a confirmation of the scenario model
from the user computer device; (5) store the scenario model;
and/or (6) generate at least one 1nsurance claim form based
upon the scenario model to facilitate quickly and accurately
processing an insurance claim.

[0174] A further enhancement may be where the computer
system may transmit a message to one or more emergency
services based upon the scenario model. The one or more
emergency services may include, but are not limited to, a
towing server, an emergency medical service provider, a fire
department, a police department, and/or some other emer-
gency responder. The computer system may select the one or
more emergency services to transmit to based upon the
scenarto model and the location of the vehicular crash.

[0175] The computer system may achieve the above
results by storing a database of vehicular crash scenarios
based upon past vehicular crashes and sensor data associated
with the vehicular crash scenarios. The computer system
may then compare the database of vehicular crash scenarios
to the received sensor data and generate the scenario model
of the vehicular crash based upon the comparison. The
computer system may also achieve the above results by
generating a plurality of scenario models of the vehicular
crash based upon the sensor data and the database of
vehicular crash scenarios. The computer system may deter-
mine a certainty of each of the plurality of scenario models.
The computer system may generate the scenario model from
the plurality of scenario models based upon the certainty
associated with the scenario model. A further enhancement
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may be where the computer system may be configured to
update the database of vehicular crash scenarios based upon
the stored scenario.

[0176] The mobile device described herein may be a one
of the vehicle involved in the vehicular crash, a cellular
connected computer device, and an Internet connected com-
puter device. The mobile device may include one or more
SENSOrs.

[0177] The sensor data described herein may include, but
1s not limited to, a measurement of at least one of speed.,
direction rate of acceleration, rate of deceleration, location,
position, orientation, and rotation of the vehicle, and a
measurement of one or more changes to at least one of
speed, direction rate ol acceleration, rate of deceleration,
location, position, orientation, and rotation of the vehicle.
The sensor data may be based upon a period of time prior to
the vehicular crash and continuing through to a period of
time after the vehicular crash.

[0178] A further enhancement may be where the computer
system may receive changes to the scenario model from the
user. The computer system may update the scenario model
based upon the user’s changes.

[0179] Another enhancement may be where the computer
system may determine a severity for the vehicular accident
based upon the scenario model. The computer system may
also be able to determine one or more potential damages to
the vehicle based upon the scenario model.

[0180] A further enhancement may be where the computer
system described herein may be configured to determine at
least one potential injury of an occupant of the vehicle based
upon the scenario model. The computer system may also
transmit the at least one potential injury to the user computer
device and receive confirmation of the at least one potential
injury from the user computer device.

[0181] A further enhancement may be where the computer
system may receive sensor data from a second vehicle
involved in the vehicular crash. The computer system may
update the scenario model based upon the sensor data from
the second vehicle.

Machine Learning & Other Matters

[0182] The computer-implemented methods discussed
herein may include additional, less, or alternate actions,
including those discussed elsewhere herein. The methods
may be implemented via one or more local or remote
processors, transceivers, and/or sensors (such as processors,
transceivers, and/or sensors mounted on vehicles or mobile
devices, or associated with smart infrastructure or remote
servers), and/or via computer-executable instructions stored
on non-transitory computer-readable media or medium.
[0183] Additionally, the computer systems discussed
herein may 1nclude additional, less, or alternate functional-
ity, including that discussed elsewhere herein. The computer
systems discussed herein may include or be implemented via
computer-executable instructions stored on non-transitory
computer-readable media or medium.

[0184] A processor or a processing element may be trained
using supervised or unsupervised machine learming, and the
machine learning program may employ a neural network,
which may be a convolutional neural network, a deep
learning neural network, or a combined learning module or
program that learns 1n two or more fields or areas of interest.
Machine learning may involve i1dentitying and recognizing
patterns 1n existing data in order to facilitate making pre-
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dictions for subsequent data. Models may be created based
upon example inputs 1 order to make valid and reliable
predictions for novel inputs.

[0185] Additionally or alternatively, the machine learning
programs may be trained by inputting sample data sets or
certain data into the programs, such as 1mage, mobile device,
vehicle telematics, autonomous vehicle, and/or intelligent
home telematics data. The machine learning programs may
utilize deep learning algorithms that may be primarily
focused on pattern recognition, and may be trained after
processing multiple examples. The machine learning pro-
grams may include Bayesian program learning (BPL), voice
recognition and synthesis, 1mage or object recognition,
optical character recognition, and/or natural language pro-
cessing—either 1ndividually or 1in combination. The
machine learming programs may also include natural lan-
guage processing, semantic analysis, automatic reasoning,
and/or machine learning.

[0186] In supervised machine learming, a processing ele-
ment may be provided with example mputs and their asso-
ciated outputs, and may seek to discover a general rule that
maps inputs to outputs, so that when subsequent novel mputs
are provided the processing element may, based upon the
discovered rule, accurately predict the correct output. In
unsupervised machine learning, the processing element may
be required to find 1ts own structure 1n unlabeled example
inputs. In one embodiment, machine learning techniques
may be used to extract data about the mobile device or
vehicle from device details, mobile device sensors, geolo-
cation information, image data, and/or other data.

[0187] In one embodiment, a processing element may be
trained by providing it with a large sample of phone and/or
online credentials with known characteristics or features.
Such information may include, for example, fingerprint,
device print, verification codes, PBQA, and/or passive voice
analysis.

[0188] Based upon these analyses, the processing element
may learn how to i1dentily characteristics and patterns that
may then be applied to analyzing sensor data, authentication
data, image data, mobile device data, and/or other data. For
example, the processing element may learn, with the user’s
permission or aflirmative consent, to identity the user based
upon the user’s device or login information. The processing,
clement may also learn how to identily different types of
accidents and vehicular crashes based upon differences 1n
the received sensor data. The processing element may fur-
ther learn how to recreate a vehicular accident based upon
partial or incomplete information and determine a level of
certainty that the recreation 1s correct. As a result, at the time
of recerving accident data, providing automated reconstruc-
tion of a vehicular accident, providing automated population
of msurance claim forms, providing automated contact of
emergency service personnel, providing imnformation about
the vehicular accident prior to the arrival of the emergency
service personnel on the scene, providing, and/or providing
automated detection of vehicular accidents as they are
occurring.

Additional Exemplary Embodiments

[0189] In still another aspect, a computer system {for
detecting a vehicular crash may be provided. The computer
system may include at least one processor, sensor, and/or
transceiver 1 communication with at least one memory
device, the at least one processor, sensor, and/or transceiver.
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The at least one processor may be programmed to (1) receive
data from said at least one sensor; (2) determine that a
potential vehicular crash 1s 1mmminent based upon the
received data; and/or (3) transmit one or more high priority
packets including a notification that the potential vehicular
crash 1s imminent. The computer system may include addi-
tional, less, or alternate functionality, including that dis-
cussed elsewhere herein.

[0190] For instance, the data from said at least one sensor
may include speed, acceleration, braking, skidding, rate of
deceleration, orientation, and rotation information; and/or
image data associated with an area forward of a direction of
travel ol a vehicle that 1s acquired by a video recorder or
camera mounted on the vehicle. Determining that a potential
vehicular crash 1s imminent may be based upon applying
object recognition techniques on the 1image data acquired by
the video recorder or camera mounted on the vehicle.
Determining that a potential vehicular crash 1s 1mminent
may further be based upon vehicle speed, acceleration, and
braking data. Determining that a potential vehicular crash 1s
imminent may be based upon processor analysis of vehicle
speed and acceleration data, and the 1mage data acquired by
a vehicle mounted video recorder or camera.

[0191] Determiming that a potential vehicular crash 1is
imminent may be based upon processor analysis of vehicle
speed and acceleration data, and analysis of the image data
acquired by a vehicle mounted video recorder or camera that
determines whether an object 1n a direction of travel of the
vehicle 1s within a predetermined or threshold distance for
the given vehicle speed and acceleration.

[0192] The sensor data may be analyzed to estimate a
severity of the expected vehicular crash, and the estimated
severity of the expected vehicular crash may be transmitted
to a remote server via wireless communication or data
transmission over one or more radio links or wireless
communication channels.

[0193] The estimated severity of the expected vehicular
crash may be determined based upon vehicle speed, accel-
cration, and braking data acquired from mobile device-
mounted sensors and/or vehicle-mounted sensors, and a size
and type of the object determined to be in the direction of
travel of the vehicle from performing object recognition
techniques on the image data captured by one or more
vehicle-mounted cameras or video recorders. The type of the
object determined to be in the direction of travel of the
vehicle may be a compact vehicle, sport-utility vehicle,
truck, or semi-truck. The type of the object determined to be
in the direction of travel of the vehicle may be a concrete
pillar or support, a street sign, tratlic light, or other road
marking. The type of the object determined to be in the
direction of travel of the vehicle may be an animal or a tree.

[0194] The estimated severity of the expected vehicular
crash may be determined to be an anticipated total loss, and
a total loss isurance claim handling process may be started
by a remote server. The estimated severity of the expected
vehicular crash may be used to start an insurance claim
handling process and/or used to pre-populate a virtual insur-
ance claim for isured review and/or approval.

[0195] In another aspect, a computer-implemented method
of routing emergency responders to a vehicle collision, or
otherwise provided notice of an imminent vehicle collision,
may be provided. The method may include (1) receiving, via
one or more processors and/or transceivers that are mounted
on a vehicle or mobile device traveling within the vehicle,
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sensor data from one or more sensors mounted on the
vehicle or mobile device traveling within the vehicle; (2)
determining, via the one or more processors, that a vehicle
collision 1s 1mminent (or likely imminent) based upon
analysis of the sensor data; (3) determining, via the one or
more processors, an estimated severity of the vehicle colli-
s10n based upon analysis of the sensor data; (4) determining,
via the one or more processors, whether the estimated
severity 1s above a predetermined threshold; (5) if the
estimated severity 1s above the predetermined threshold,
then, via the one or more processors, generating an elec-
tronic message detailing the imminent vehicle collision; and
(6) broadcasting, via the one or more processors and/or
transceivers, the electronic message to a remote server via
wireless communication or data transmission over one or
more radio links or wireless communication channels to
facilitate emergency responders responding to the vehicle
collision expeditiously. The method may include additional,
less, or alternate actions, including those discussed else-
where herein, and may be implemented via one or more
local or remote processors, servers, sensors, and/or trans-
ceivers, and/or via computer-executable instructions stored
on non-transitory computer-readable medium or media.

[0196] For instance, the sensor data may include vehicle
speed, acceleration, and braking information. The sensor
data may further include 1image data of area 1n a direction of
vehicle travel or otherwise forward of the moving vehicle,
the 1mage data being acquired from one or more video
recorders or cameras mounted on the vehicle, a dashboard of
the vehicle, or a mobile device traveling within the vehicle.

[0197] The method may include analyzing, via the one or
more processors, the image data using object recognition or
pattern recognition techmques to 1dentify objects forward of
the moving vehicle. The method may include using the
results of the object recogmition or pattern recognition
techniques performed on the 1image data to identily type of
objects forward of the moving vehicle. The object forward
of the moving vehicle identified may be a compact vehicle,
sport utility vehicle, or a truck. The object forward of the
moving vehicle 1dentified may be a concrete pillar or sup-
port, a road sign, a traflic light, or mile marker. The object
torward of the moving vehicle 1dentified may be an animal
or a tree.

[0198] Determining, via the one or more processors, that
a vehicle collision 1s imminent (or likely imminent) based
upon analysis of the sensor data may include processor
analysis of vehicle speed and acceleration data, and deter-
mimng whether or not an object shown 1n 1mage data 1s
within a predetermined distance of the vehicle. The one or
more processors may determine that based upon the sensor
data (such as vehicle speed, acceleration, and braking) and
distance to an object shown 1n the 1image data that a collision
will occur 1n 0.5 seconds, 1 second, 2 seconds, 3 seconds,
etc. For instance, a processor may determine that a vehicle
collision 1s 1imminent 1f i1t 1s likely to occur within 1-3
seconds.

[0199] Determining, via the one or more processors, an
estimated severity of the vehicle collision based upon analy-
s1s of the sensor data may include processor analysis of
vehicle speed and acceleration data, and determining a size
and type of an object shown 1n 1image data forward of a
direction of travel of the vehicle.

[0200] Determining, via the one or more processors, an
estimated severity of the vehicle collision based upon analy-
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s1s of the sensor data may include processor analysis of
vehicle speed and acceleration data, and determining a size
and type of an object shown 1n 1mage data forward of a
direction of travel of the vehicle, and a distance to the object.
Determining, via the one or more processors, whether the
estimated severity 1s above a predetermined threshold may
include estimating an amount of vehicle damage from the
vehicle collision and estimating whether or not the vehicle
will be drivable or not.

[0201] Determiming, via the one or more processors,
whether the estimated severity 1s above a predetermined
threshold may include determining whether or not the
vehicle 1s expected to be a total loss or not. Generating an
clectronic message detailing the imminent vehicle collision
may indicate a GPS location of the vehicle, number of
passengers, and type of object colliding with the vehicle.
Generating an electronic message detailing the imminent
vehicle colliston may indicate whether the vehicle 1s
expected or anticipated to be a total loss. Generating an
clectronic message detailing the imminent vehicle collision
may indicate whether the vehicle 1s expected or anticipated
to be a total loss, and the remote server begins a total loss
handling process. Additionally or alternatively, generating
an electronic message detailing the imminent vehicle colli-
s1on 1ndicates an estimated amount of vehicle damage, and
the remote server prepares a virtual insurance claim form for
an imsured’s review and approval.

[0202] In another aspect, a computer system configured to
provide notice to emergency responders, and/or route emer-
gency responders to a vehicle collision may be provided.
The computer system may include one or more processors,
transceivers, and/or sensors mounted on a vehicle or a
mobile device traveling within the vehicle that are config-
ured to: (1) receive or generate sensor data from one or more
sensors mounted on the vehicle or mobile device traveling
within the vehicle; (2) determine that a vehicle collision 1s
imminent (or likely imminent) based upon analysis of the
sensor data; (3) determine an estimated severity of the
vehicle collision based upon analysis of the sensor data; (4)
determine whether the estimated severity 1s above a prede-
termined threshold; (5) 11 the estimated severity 1s above the
predetermined threshold, then generate an electronic mes-
sage detailing the imminent vehicle collision; and/or (6)
broadcast the electronic message to a remote server via
wireless communication or data transmission over one or
more radio links or wireless communication channels to
facilitate emergency responders responding to the vehicle
collision expeditiously. The computer system may include
additional, less, or alternate functionality, including that
discussed elsewhere herein.

[0203] In yet another aspect, a computer system for detect-
ing a vehicular crash may be provided. The computer system
may include at least one processor in communication with at
least one memory device, the at least one processor. The at
least one processor may be programmed to (1) (locally or
remotely) recerve occupant data from at least one internal
sensor (such as via wired or wireless communication); (2)
(locally or remotely) receive external data from at least one
external sensor (such as via wired or wireless communica-
tion); (3) determine that a potential vehicular crash 1s
imminent based upon the received external data; (4) deter-
mine positional information for at least one occupant of a
vehicle and/or (5) perform at least one action to reduce a
severity of a potential injury to the at least one occupant
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prior to impact. The method may include additional, less, or
alternate actions, including those discussed elsewhere
herein, and may be implemented via one or more local or
remote processors, servers, sensors, and/or transceivers,
and/or via computer-executable instructions stored on non-
transitory computer-readable medium or media.

[0204] For instance, the data from the at least one external
sensor may include speed, acceleration, and braking infor-
mation; and/or image data associated with an area forward
of a direction of travel of a vehicle that 1s acquired by a video
recorder or camera mounted on the vehicle. Determining,
that a potential vehicular crash 1s imminent may be based
upon applying object recognition techniques on the image
data acquired by the video recorder or camera mounted on
the vehicle. Determining that a potential vehicular crash 1s
imminent may further be based upon vehicle speed, accel-
eration, deceleration, corning, and braking data. Determin-
ing that a potential vehicular crash 1s imminent may be based
upon processor analysis of vehicle speed and acceleration
data, and the image data acquired by a vehicle mounted
video recorder or camera.

[0205] The processor may generate a model of the poten-
tial vehicular crash based upon the received data to further
analyze. The processor may also determine a position and a
direction of facing of at least one occupant of the vehicle and
use the model to determine an advantageous direction of
facing for the at least one occupant. If one of the occupants
1s not facing in an advantageous way, the processor may
generate a sound through the audio system to cause the at
least one occupant to change to the advantageous direction
of facing. The processor may also cause a seat or a portion
of a seat of an occupant to move, shift, and/or rotate to
change the position and/or direction of facing of the occu-
pant.

[0206] Other corrective actions may be taken by the
vehicle or a vehicle controller after a vehicle collision 1s
determined to be imminent or potentially imminent. In one
embodiment, the processor may be further programmed to
automatically engage an autonomous or semi-autonomous
vehicle feature or system to mitigate damage and/or injury
caused by the vehicle collision.

[0207] For instance, 1f the vehicle 1s an autonomous
vehicle, the vehicle controller may take control of the
vehicle (such as from a human driver driving the vehicle)
and maneuver the vehicle to avoid the collision, such as by
braking, accelerating, or swerving to avoid another vehicle.
Other vehicle maneuvers automatically directed by the
autonomous vehicle after a vehicle collision 1s determined to
be likely may mitigate the damage to the vehicle and/or
injuries to vehicle occupant. For mstance, the vehicle may
automatically brake and/or deploy air bags.

[0208] The types of autonomous or semi-autonomous
vehicle-related tunctionality or technology that may be used
with the present embodiments to replace human driver
actions may include and/or be related to the following types
of functionality: (a) fully autonomous (driverless); (b) lim-
ited driver control; (¢) vehicle-to-vehicle (V2V) wireless
communication; (d) vehicle-to-infrastructure (and/or vice
versa) wireless communication; (¢) automatic or semi-auto-
matic steering; (1) automatic or semi-automatic acceleration;
(g) automatic or semi-automatic braking; (h) automatic or
semi-automatic blind spot monitoring; (1) automatic or semi-
automatic collision warning; (1) adaptive cruise control; (k)
automatic or semi-automatic parking/parking assistance; (1)
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automatic or semi-automatic collision preparation (windows
roll up, seat adjusts upright, brakes pre-charge, etc.); (m)
driver acuity/alertness momitoring; (n) pedestrian detection;
(0) autonomous or semi-autonomous backup systems; (p)
road mapping systems; (q) software security and anti-hack-
ing measures; (r) thett prevention/automatic return; (s) auto-
matic or semi-automatic driving without occupants; and/or
other functionality.

[0209] For mstance, the wireless communication-based
autonomous or semi-autonomous vehicle technology or
functionality may include and/or be related to: automatic or
semi-automatic steering; automatic or semi-automatic accel-
eration and/or braking; automatic or semi-automatic blind
spot monitoring; automatic or semi-automatic collision
warning; adaptive cruise control; and/or automatic or semi-
automatic parking assistance. Additionally or alternatively,
the autonomous or semi-autonomous technology or func-
tionality may include and/or be related to: driver alertness or
responsive monitoring; pedestrian detection; artificial intel-
ligence and/or back-up systems; navigation or GPS-related
systems; security and/or anti-hacking measures; and/or theft
prevention systems.

Exemplary Vehicle Collision Mitigation

[0210] In one aspect, a computer system for detecting a
vehicular collision may be provided. The computer system
including at least one processor in communication with at
least one memory device, and the at least one processor 1s
programmed to: (1) recerve occupant data from at least one
internal sensor; (2) recerve external data from the at least one
external sensor; (3) determine that a potential vehicular
collision 1s imminent based upon the recerved external data;
(4) determine positional information for at least one occu-
pant of a vehicle; and/or (5) perform at least one action to
reduce a severity of a potential mjury to the at least one
occupant prior to impact of the potential vehicular collision.
The system may include additional, less, or alternate tunc-
tionality, including that discussed elsewhere herein.

[0211] For instance, the processor may be programmed to
generate a model of the potential vehicular collision based
upon the received internal data and the received external
data. The processor may be further programmed to: deter-
mine a position and a direction of facing of the at least one
occupant of the vehicle based upon the internal data; and/or
determine at least one of an advantageous position and an
advantageous direction of facing for the at least one occu-
pant based upon the model.

[0212] The processor may be further programmed to gen-
erate a sound through the audio system to cause the at least
one occupant to change to at least one of the advantageous
direction of facing and the advantageous position. The
processor may further be programmed to move a seat
occupied by an occupant to cause the occupant to change to
at least one of the advantageous direction of facing and the
advantageous position.

[0213] The processor may be programmed to rotate a seat
occupied by an occupant to rotate the occupant to at least
one of the advantageous direction of facing and the advan-
tageous position. The processor may be programmed to
determine occupant skeletal positioning for the at least one
occupant based upon the occupant or other internal data. The
processor may be programmed to determine a size of the at
least one occupant based upon the occupant or other internal
data.
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[0214] The processor may be programmed to automati-
cally engage an autonomous or semi-autonomous vehicle
feature or system to mitigate damage caused by the vehicle
collision. The autonomous or semi-autonomous vehicle
technology 1s related to at least one of driver alertness
monitoring, driver responsiveness monitoring, pedestrian
detection, artificial intelligence, a back-up system, a navi-
gation system, a positioning system, a security system, an
anti-hacking measure, a theft prevention system, and remote
vehicle location determination.

[0215] In another aspect, a computer-based method for
detecting a vehicular collision may be provided. The method
may be implemented on a vehicle computer device including,
at least one processor 1n communication with at least one
memory device. The method may include, via one or more
processors, sensors, and/or transceivers: (1) recerving occu-
pant data from at least one internal sensor; (2) receiving
external data from the at least one external sensor; (3)
determining, by the vehicle computer device, that a potential
vehicular collision 1s 1mminent based upon the receirved
external data; (4) determining, by the vehicle computer
device, positional information for at least one occupant of a
vehicle; and/or (5) performing at least one action to reduce
a severity ol a potential mjury to the at least one occupant
prior to impact. The method may include additional, less, or
alternate actions, including those discussed elsewhere
herein.

[0216] In another aspect, a computer system for detecting
a vehicular collision may be provided. The computer system
may 1nclude one or more processors, sensors, and/or trans-
celvers 1n communication with at least one memory device.
The one or more processors, sensors, and transceivers may
be programmed to: (1) receive occupant or other internal
data from at least one internal sensor; (2) receive external
data from the at least one external sensor; (3) determine that
a potential vehicular collision 1s imminent based upon the
received external data; (4) when 1t 1s determined that a
potential vehicular collision 1s 1mminent based upon the
received external data, then determine positional informa-
tion for at least one occupant of a vehicle based upon the
occupant and/or other internal data; (5) determine at least
one action mtended to reduce a severity of a potential injury
to the at least one occupant to perform prior to, during,
and/or after impact based upon (1) the occupant and/or
internal data, (11) the external data, and/or (111) the positional
information for the at least one occupant determined from
the occupant and/or other internal data; and/or (6) perform
at least one action to reduce a severity of a potential injury
to the at least one occupant prior to, during, and/or after
impact of the potential vehicular collision. The system may
include additional, less, or alternate functionality, including
that discussed elsewhere herein.

[0217] In another aspect, a computer-based method for
detecting a vehicular collision may be provided. The method
may be implemented on a vehicle computer device including
one or more processors, transceivers, and/or sensors 1n
communication with at least one memory device. The
method may include, via one or more processors, sensors,
and/or transceivers: (1) recerving occupant or other internal
data from at least one 1nternal sensor; (2) recerving external
data from the at least one external sensor; (3) determining,
by the vehicle computer device, that a potential vehicular
collision 1s imminent based upon the recerved external data;
(4) when 1t 1s determined that a potential vehicular collision
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1s 1mminent based upon the received external data, then
determining, by the vehicle computer device, positional
information for at least one occupant of a vehicle based upon
the received occupant and/or other internal data; (5) deter-
mining, by the vehicle computer device, at least one action
intended to reduce a severity of a potential injury to the at
least one occupant to perform prior to, during, and/or after
impact based upon (1) the occupant and/or internal data, (11)
the external data, and/or (111) the positional information for
the at least one occupant determined from the occupant
and/or other iternal data; and/or (6) performing or initiat-
ing, by the vehicle computer device, the at least one action
intended to reduce a severity of a potential mnjury to the at
least one occupant prior to, during, and/or aiter impact of the
potential vehicular collision. The method may include addi-
tional, less, or alternate actions, including those discussed
clsewhere herein.

Exemplary Vehicle Collision Reconstruction

[0218] In another aspect, a computer system for recon-
structing a vehicle collision, the computer system including
at least one processor in communication with at least one
memory device, the at least one processor 1s programmed to:
receive occupant data from at least one internal sensor, the
occupant data being generated or collected at least one of
before, during, and after the vehicle collision; receive exter-
nal data from the at least one external sensor, the external
data being generated or collected at least one of belore,
during, and after the vehicle collision; determine positional
information for at least one occupant of a vehicle at least one
of before, during, and after the vehicle collision based upon
the occupant data; and/or generate a virtual reconstruction of
the vehicle collision, the virtual reconstruction indicating a
severity of vehicle damage and a severity of a potential
injury to the at least one occupant caused by the vehicle
collision. The system may include additional, less, or alter-
nate functionality, including that discussed elsewhere
herein.

[0219] For instance, the severity of vehicle damage and a
severity of a potential injury to the at least one occupant
caused by the vehicle collision may be determined from at
least one of the occupant data being generated or collected
at least one of before, during, and atter the vehicle collision,
the external data being generated or collected at least one of
before, during, and after the vehicle collision, and the
positional information for at least one occupant of a vehicle
at least one of before, during, and after the vehicle collision.
[0220] The processor may be programmed to determine a
position and a direction of facing of the at least one occupant
of the vehicle at least one of before, during, and after the
vehicle collision based upon the internal data. The processor
may be programmed to determine occupant skeletal posi-
tioning for the at least one occupant at least one of belore,
during, and aifter the vehicle collision based upon the inter-
nal data. The processor may be programmed to determine a
s1ze of the at least one occupant based upon the internal data.
[0221] The processor may be programmed to automati-
cally engage an autonomous or semi-autonomous vehicle
feature or system to mitigate damage caused by the vehicle
collision. The autonomous or semi-autonomous vehicle
technology may be related to at least one of driver alertness
monitoring, driver responsiveness monitoring, pedestrian
detection, artificial intelligence, a back-up system, a navi-
gation system, a positioning system, a security system, an
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anti-hacking measure, a thelt prevention system, and remote
vehicle location determination.

[0222] In another aspect, a computer-based method for
reconstructing a vehicle collision may be provided. The
method may be implemented on a vehicle computer device
including one or more processors, sensors, and/or transceiv-
ers 1 communication with at least one memory device, the
method comprising, via one or more processors, Sensors,
and/or transceivers: receiving occupant data from at least
one internal sensor, the occupant data being generated or
collected before, during, and/or after the vehicle collision;
receiving external data from the at least one external sensor,
the external data being generated or collected betfore, during,
and/or after the wvehicle collision; determining, by the
vehicle computer device, positional information for at least
one occupant of a vehicle before, during, and/or after vehicle
collision; and/or generating a virtual reconstruction of the
vehicle collision, the virtual reconstruction indicating a
severity ol damage to the vehicle and a sevenity of a
potential injury to the at least one occupant caused by the
vehicle collision. The method may include additional, less,
or alternate functionality, including that discussed elsewhere
herein.

[0223] In another aspect, a computer system for recon-
structing a vehicle collision may be provided. The computer
system may include one or more processors, sensors, and/or
transceivers 1n communication with at least one memory
device, the one or more processors, sensors, and/or trans-
ceivers configured or programmed to: recerve occupant data
from at least one internal sensor mounted on a vehicle and
configured to collect date internal to the vehicle, the occu-
pant data being generated or collected at least one of before,
during, and after the vehicle collision and being associated
with the vehicle interior; receive external data from the at
least one external sensor mounted on the vehicle and con-
figured to collect data external to the vehicle, the external
data being generated or collected at least one of belore,
during, and after the vehicle collision and being associated
with the vehicle exterior; determine positional information
for at least one occupant of a vehicle at least one of belore,
during, and after the vehicle collision based upon the occu-
pant (and/or other internal) data; and/or generate a virtual
reconstruction of the vehicle collision, the virtual recon-
struction indicating a severity of vehicle damage and a
severity of a potential injury to the at least one occupant
caused by the vehicle collision based upon computer analy-
s1s of (1) the occupant data, (1) the external data, and/or (111)
the positional information. The system may include addi-
tional, less, or alternate tunctionality, including that dis-
cussed elsewhere herein.

[0224] In another aspect, a computer-based method for
reconstructing a vehicle collision may be provided. The
method may be implemented on a vehicle computer device
including one or more processors, sensors, and/or transce1v-
ers 1n communication with at least one memory device, the
method comprising, via one or more processors, sensors,
and/or transceivers: (1) receiving occupant data from at least
one 1nternal sensor mounted on a vehicle and configured to
collect data associated with the vehicle interior, the occupant
data being generated or collected before, during, and/or after
the vehicle collision and 1s associated with the vehicle
interior; (2) recerving external data from the at least one
external sensor mounted on the vehicle and configured to
collect data associated with the vehicle exterior, the external
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data being generated or collected before, during, and/or after
the vehicle collision and 1s associated with the vehicle
exterior; (3) determining, by the vehicle computer device,
positional information for at least one occupant of a vehicle
betore, during, and/or after vehicle collision based upon the
occupant and/or other internal data; and/or (4) generating a
virtual reconstruction of the vehicle collision, the virtual
reconstruction indicating a severity of damage to the vehicle
and a severity of a potential mjury to the at least one
occupant caused by the vehicle collision based upon (1) the
external data, (11) the occupant or other internal data, and/or
(111) the positional information for the at least one occupant.
The method may include additional, less, or alternate
actions, including those discussed elsewhere herein.

Autonomous Feature Engagement

[0225] In one aspect, a computer system for detecting a
vehicular collision and engaging an autonomous technology
feature may be provided. The computer system including
one or more processors, sensors, and/or fransceivers in
communication with at least one memory device, the at least
one processor 1s programmed to: recerve occupant data from
at least one internal sensor, the occupant data being gener-
ated or collected prior to a vehicle collision; recerve external
data from the at least one external sensor, the external data
being generated or collected prior to the vehicle collision;
determine that a potential vehicular collision 1s 1mminent
based upon the received external data; determine positional
information for at least one occupant of a vehicle based upon
the occupant data; and/or automatically engage an autono-
mous or semi-autonomous vehicle feature or system to
mitigate at least one of vehicle damage and occupant injury
caused by the vehicle collision. The at least one processor
may be configured to select an autonomous or semi-autono-
mous vehicle feature or system to engage based upon at least
one of the occupant data, the external data, and/or the
positional information. The autonomous or semi-autono-
mous vehicle technology may be related to at least one of
braking, acceleration, deceleration, corming, steering, driver
alertness monitoring, driver responsiveness monitoring,
pedestrian detection, artificial intelligence, a back-up sys-
tem, a navigation system, a positioning system, a security
system, an anti-hacking measure, a theit prevention system,
and remote vehicle location determination. The system may
include additional, less, or alternate functionality, including
that discussed elsewhere herein.

[0226] In another aspect, a computer-based method for
detecting a vehicular collision and automatically engaging
an autonomous vehicle feature may be provided. The
method may be implemented on a vehicle computer device
including one or more processors, sensors, and/or transce1v-
ers 1n communication with at least one memory device, the
method comprising, via the one or more processors, sensors,
and/or transceivers: (1) recerving occupant data from at least
one internal sensor; (2) receiving external data from the at
least one external sensor; (3) determining, by the vehicle
computer device, that a potential vehicular collision 1s
imminent based upon the received external data; and/or (4)
automatically engaging an autonomous or semi-autonomous
vehicle feature or system to prevent or mitigate damage
caused by the vehicle collision. The method may include
additional, less, or alternate actions, including those dis-
cussed elsewhere herein.
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[0227] In another aspect, a computer-based method for
detecting a vehicular collision and automatically engaging
an autonomous vehicle feature may be provided. The
method may be implemented on a vehicle computer device
including one or more processors, sensors, and/or transceiv-
ers 1n communication with at least one memory device, the
method comprising, via the one or more processors, sensors,
and/or transceivers: receiving occupant data from at least
one internal sensor; receiving external data from the at least
one external sensor; determining, by the vehicle computer
device, that a potential vehicular collision 1s imminent based
upon the received external data; selecting, by the vehicle
computer device, an autonomous feature to engage based
upon the occupant data; and/or automatically engaging the
autonomous feature, the autonomous feature including at
least one of steering, breaking, and acceleration of the
vehicle, to prevent or mitigate damage caused by the vehicle
collision. The method may include additional, less, or alter-
nate actions, including those discussed elsewhere herein.

[0228] In another aspect, a computer system configured to
detect a vehicular collision and automatically engaging an
autonomous vehicle feature may be provided. The system
may 1nclude one or more processors, sensors, and/or trans-
celvers 1n communication with at least one memory device,
the one or more processors, sensors, and/or transceivers
configured or programmed to: receive occupant data from at
least one internal sensor; receive external data from the at
least one external sensor; determine that a potential vehicu-
lar collision 1s imminent based upon the received external
data; select an autonomous feature to engage based upon the
occupant data; and/or automatically engage the autonomous
feature, the autonomous feature including at least one of
steering, breaking, and acceleration of the vehicle, to prevent
or mitigate damage caused by the vehicle collision. The
system may include additional, less, or alternate function-
ality, including that discussed elsewhere herein.

[0229] In another aspect, a computer system for detecting
a vehicular collision and engaging an autonomous technol-
ogy lfeature may be provided. The computer system may
include one or more processors, sensors, and/or transceivers
in communication with at least one memory device, the one
Or more processors, sensors, and/or transceivers configured
or programmed to: receive occupant data from at least one
internal sensor mounted on a vehicle and configured to
collect data associated with the vehicle interior, the occupant
data being generated or collected prior to a vehicle collision;
receive external data from the at least one external sensor
mounted on a vehicle and configured to collect data asso-
ciated with the vehicle exterior, the external data being
generated or collected prior to the vehicle collision; deter-
mine that a potential vehicular collision 1s imminent based
upon the received external data; determine positional 1nfor-
mation for at least one occupant of a vehicle based upon the
occupant data; and/or automatically engage an autonomous
or semi-autonomous vehicle feature or system to mitigate at
least one of vehicle damage and occupant injury caused by
the vehicle collision, the autonomous or semi-autonomous
vehicle feature or system being selected to engage (or an
amount of feature or system engagement being) based upon
the occupant data and/or positional information. The system
may 1include additional, less, or alternate functionality,
including that discussed elsewhere herein.

[0230] In another aspect, a computer-based method for
detecting a vehicular collision and automatically engaging
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an autonomous vehicle feature may be provided. The
method may be implemented on a vehicle computer device
including one or more processors, sensors, and/or transceiv-
ers 1 communication with at least one memory device, the
method comprising, via the one or more processors, sensors,
and/or transceivers: receiving occupant data from at least
one internal sensor mounted on the vehicle and configured
to collect or generate data associated with the vehicle
interior; receiving external data from the at least one exter-
nal sensor mounted on the vehicle and configured to collect
or generate data associated with the vehicle exterior; deter-
mining, by the vehicle computer device, that a potential
vehicular collision 1s 1imminent based upon the recerved
external data; and/or automatically engaging an autonomous
or semi-autonomous vehicle feature or system to prevent or
mitigate damage caused by the vehicle collision, the selec-
tion of the autonomous or semi-autonomous vehicle feature
or system to engage, and/or an amount to engage the
autonomous or semi-autonomous vehicle feature or system
(or an autonomous or semi-autonomous vehicle feature or
system setting) 1s based upon the occupant data. The method
may 1nclude additional, less, or alternate actions, including
those discussed elsewhere herein.

Additional Considerations

[0231] The present embodiments may facilitate avoiding
vehicle collisions, or otherwise mitigating damage and inju-
ries caused by vehicle collisions. Thus, vehicles configured
with the functionality and computer systems may have a
lower level of risk than conventional vehicles. Therefore,
lower insurance premiums and/or insurance discounts may
be generated and provided to insured’s owning vehicles
configured with the functionality and/or computer systems
discussed herein.

[0232] As will be appreciated based upon the foregoing
specification, the above-described embodiments of the dis-
closure may be implemented using computer programming
or engineering techniques including computer software,
firmware, hardware or any combination or subset thereof.
Any such resulting program, having computer-readable code
means, may be embodied or provided within one or more
computer-readable media, thereby making a computer pro-
gram product, 1.e., an article of manufacture, according to
the discussed embodiments of the disclosure. The computer-
readable media may be, for example, but 1s not limited to, a
fixed (hard) drive, diskette, optical disk, magnetic tape,
semiconductor memory such as read-only memory (ROM),
and/or any transmitting/receiving medium, such as the Inter-
net or other communication network or link. The article of
manufacture containing the computer code may be made
and/or used by executing the code directly from one
medium, by copying the code from one medium to another
medium, or by transmitting the code over a network.
[0233] These computer programs (also known as pro-
grams, solftware, software applications, “apps”, or code)
include machine instructions for a programmable processor,
and can be implemented 1n a high-level procedural and/or
object-oriented programming language, and/or 1n assembly/
machine language. As used herein, the terms “machine-
readable medium™ “computer-readable medium™ refers to
any computer program product, apparatus and/or device
(e.g., magnetic discs, optical disks, memory, Programmable
Logic Devices (PLDs)) used to provide machine instructions
and/or data to a programmable processor, including a
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machine-readable medium that receives machine instruc-
tions as a machine-readable signal. The “machine-readable
medium” and “computer-readable medium,” however, do
not include transitory signals. The term “machine-readable
signal” refers to any signal used to provide machine instruc-
tions and/or data to a programmable processor.

[0234] As used herein, a processor may include any pro-
grammable system including systems using micro-control-
lers, reduced instruction set circuits (RISC), application
specific mtegrated circuits (ASICs), logic circuits, and any
other circuit or processor capable of executing the functions
described herein. The above examples are example only, and
are thus not mtended to limit 1n any way the definition and/or
meaning of the term “processor.”

[0235] As used herein, the terms “software” and “firm-
ware” are mterchangeable, and include any computer pro-
gram stored 1n memory for execution by a processor, includ-
ing RAM memory, ROM memory, EPROM memory,
EEPROM memory, and non-volatile RAM (NVRAIVI)
memory. The above memory types are example only, and are
thus not limiting as to the types of memory usable for
storage of a computer program.

[0236] In one embodiment, a computer program 1S pro-
vided, and the program 1s embodied on a computer readable
medium. In an exemplary embodiment, the system 1s
executed on a single computer system, without requiring a
connection to a sever computer. In a further embodiment, the
system 1s being run 1n a Windows® environment (Windows
1s a registered trademark of Microsolt Corporation, Red-
mond, Wash.). In yet another embodiment, the system 1s run
on a mainirame environment and a UNIX® server environ-
ment (UNIX 1s a registered trademark of X/Open Company
Limited located in Reading, Berkshire, United Kingdom).
The application 1s flexible and designed to run in various
different environments without compromising any major
functionality.

[0237] In some embodiments, the system includes mul-
tiple components distributed among a plurality of computing
devices. One or more components may be in the form of
computer-executable nstructions embodied 1n a computer-
readable medium. The systems and processes are not limited
to the specific embodiments described herein. In addition,
components of each system and each process can be prac-
ticed independent and separate from other components and
processes described herein. Each component and process
can also be used in combination with other assembly pack-
ages and processes.

[0238] As used herein, an element or step recited 1n the
singular and preceded by the word “a” or “an” should be
understood as not excluding plural elements or steps, unless
such exclusion 1s explicitly recited. Furthermore, references
to “example embodiment” or “one embodiment” of the
present disclosure are not intended to be interpreted as
excluding the existence of additional embodiments that also
incorporate the recited features.

[0239] The patent claims at the end of this document are
not intended to be construed under 35 U.S.C. § 112(1) unless
traditional means-plus-function language 1s expressly
recited, such as “means for” or “step for” language being
expressly recited 1n the claim(s).

[0240] This written description uses examples to disclose
the disclosure, including the best mode, and also to enable
any person skilled in the art to practice the disclosure,
including making and using any devices or systems and

Nov. 13, 2021

performing any incorporated methods. The patentable scope
of the disclosure 1s defined by the claims, and may include
other examples that occur to those skilled 1n the art. Such
other examples are intended to be within the scope of the
claims if they have structural elements that do not differ
from the literal language of the claims, or if they include
equivalent structural elements with insubstantial differences
from the literal languages of the claims.

1. A computer system for detecting a vehicular collision
and engaging an autonomous technology feature, the com-
puter system including at least one processor 1 communi-
cation with at least one memory device, the at least one
processor 1s programmed to:

receive mternal data from at least one 1nternal sensor of a

vehicle, the internal data includes data collected prior
to a vehicle collision;

receive external data from at least one external sensor, the

external data includes data collected prior to the vehicle
collision;

determine that the vehicle collision 1s 1mminent based

upon the received external data;

determine positional information for at least one occupant
of the vehicle based upon the internal data;

identity two or more external objects within that the
vehicle could impact;

determine one external object, of the identified two or

more external objects, to impact that mitigates damages
incurred or 1njuries sullered from the vehicle collision;

automatically engage an autonomous or semi-autono-
mous vehicle system to facilitate impacting the deter-
mined one external object by automatically reposition-
ing the vehicle;

determine, using the positional information for the at least
one occupant, one or more forces to be applied to the
at least one occupant during the vehicle collision; and

identity, based upon the positional information and the
determined one or more forces, one or more potential
injuries to the at least one occupant sustained during the
vehicle collision.

2. The computer system of claim 1, wherein the at least
one processor 1s programmed to select the autonomous or
semi-autonomous vehicle system to engage based upon at
least one of the internal data, the external data, and the
positional information.

3. The computer system of claim 1, wherein the autono-
mous or semi-autonomous vehicle system 1s related to at
least one of driver alertness monitoring, driver responsive-
ness monitoring, pedestrian detection, artificial intelligence,
a back-up system, a navigation system, a positioning system,
a security system, an anti-hacking measure, a thelt preven-
tion system, and remote vehicle location determination.

4. The computer system of claim 1, wherein the at least
one processor 1s programmed to select the autonomous or
semi-autonomous vehicle system to engage based upon at
least one of occupant data and the positional information,
and wherein the autonomous or semi-autonomous vehicle

system 1s related to at least one of steering, braking, and
deceleration.

5. (canceled)
6. (canceled)

7. A computer-based method for detecting a vehicular
collision and automatically engaging an autonomous vehicle
system, the method implemented on a vehicle computer
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device mcluding one or more processors 1n communication
with at least one memory device, the method comprising:
receiving internal data from at least one internal sensor of
a vehicle, the internal data received to determine posi-
tional imformation for at least one occupant of the
vehicle;
receiving external data from at least one external sensor;

determining, by the vehicle computer device, that a
vehicle collision 1s imminent based upon the recerved
external data;

identifying two or more external objects that the vehicle
could 1mpact in the vehicle collision;

determining one external object, of the identified two or

more external objects, to impact that mitigates damages
incurred or 1njuries sullered from the vehicle collision;

automatically engaging an autonomous or semi-autono-
mous vehicle system of the vehicle to facilitate impact-
ing the determined one external object by automatically
repositioning the vehicle;

determining, using the positional mmformation for the at
least one occupant, one or more forces to be applied to

the at least one occupant during the vehicle collision;
and

identifying, based upon the positional information and the
determined one or more forces, one or more potential
injuries to the at least one occupant sustained during the
vehicle collision.

8. The method of claim 7 further comprising determining,
via the one or more processors, positional information for at

least one occupant of the vehicle based upon the internal
data.

9. The method of claim 8 further comprising selecting, via
the one or more processors, the autonomous or semi-au-
tonomous vehicle system to engage based upon at least one
of (1) the internal data, (1) the external data, and (111) the
positional information.

10. The method of claim 8 further comprising selecting
the autonomous or semi-autonomous vehicle system to
engage based upon at least one of the internal data and the
positional information.

11. The method of claim 7, wherein the autonomous or
semi-autonomous vehicle system 1s related to at least one of
driver alertness monitoring, driver responsiveness monitor-
ing, pedestrian detection, artificial intelligence, a back-up
system, a navigation system, a positioning system, a security
system, an anti-hacking measure, a theft prevention system,
and remote vehicle location determination.

12. The method of claim 7 further comprising selecting
the autonomous or semi-autonomous vehicle system to
engage based upon at least the external data, and wherein the
autonomous or semi-autonomous vehicle system 1s related
to at least one of steering, braking, and deceleration.

13. (canceled)

14. A computer-based method for detecting a vehicular
collision and automatically engaging an autonomous vehicle
teature, the method implemented on a vehicle computer
device mcluding one or more processors 1n communication
with at least one memory device, the method comprising:

receiving internal data from at least one 1nternal sensor of
a vehicle, the internal data received to determine posi-
tional information for at least one occupant of the
vehicle;

receiving external data from at least one external sensor;
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determining, by the vehicle computer device, that a
vehicle collision 1s imminent based upon the recerved
external data;

selecting, by the vehicle computer device, an autonomous
feature to engage based at least 1n part upon the internal
data;

identifying two or more external objects that the vehicle
could impact in the vehicle collision;

determiming one external object, of the identified two or
more external objects, to impact that mitigates damages
incurred or 1njuries sullered from the vehicle collision;

automatically engaging the autonomous {eature, the
autonomous feature icluding at least one of steering,
braking, and acceleration of the vehicle, to facilitate
impacting the determined one external object by auto-
matically repositioning the vehicle;

determining, using the positional information for the at
least one occupant, one or more forces to be applied to
the at least one occupant during the vehicle collision;
and

identifying, based upon the positional information and the
determined one or more forces, one or more potential
injuries to the at least one occupant sustained during the
vehicle collision.

15. A computer system configured to detect a vehicular
collision and automatically engaging an autonomous vehicle
teature, the computer system including one or more proces-
sors 1n communication with at least one memory device, the
one or more processors configured to:

recerve internal data from at least one iternal sensor of a
vehicle, the internal data received to determine posi-
tional information for at least one occupant of the
vehicle;

receive external data from at least one external sensor;

determine that a vehicle collision 1s imminent based upon
the received external data;

select an autonomous feature of the vehicle to engage
based at least i part upon the internal data;

identity two or more external objects that the vehicle
could impact in the vehicle collision;

determine one external object, of the idenfified two or
more external objects, to impact that mitigates damages
incurred or injuries suilered from the vehicle collision;

automatically engage the autonomous feature, the autono-
mous feature including at least one of steering, braking,
and acceleration of the vehicle, to facilitate impacting
the determined one external object by automatically
repositioning the vehicle;

determine, using the positional information for the at least
one occupant, one or more forces to be applied to the
at least one occupant during the vehicle collision; and

identily, based upon the positional information and the
determined one or more forces, one or more potential
injuries to the at least one occupant sustained during the
vehicle collision.

16. A computer system for detecting a vehicular collision
and engaging an autonomous technology system, the com-
puter system including at least one processor 1 communi-
cation with at least one memory device, the at least one
processor 1s programmed to:

recerve internal data from at least one internal sensor
mounted on a vehicle and configured to collect data
associated with the vehicle interior, the internal data
being collected prior to a vehicle collision;
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receive external data from at least one external sensor
mounted on the vehicle and configured to collect data
associated with the vehicle exterior, the external data
being collected prior to the vehicle collision;

determine that a vehicle collision 1s imminent based upon
the received external data;

determine positional information for at least one occupant

of the vehicle based upon the internal data;

identify two or more external objects that the vehicle

could 1mpact in the vehicle collision;
determine one external object, of the i1dentified two or
more external objects, to impact that mitigates damages
incurred or mjuries suilered from the vehicle collision;

automatically engage an autonomous or semi-autono-
mous vehicle system to facilitate impacting the deter-
mined one external object by automatically reposition-
ing the vehicle;
determine, using the positional information for the at least
one occupant, one or more forces to be applied to the
at least one occupant during the vehicle collision; and

identify, based upon the positional information and the
determined one or more forces, one or more potential
injuries to the at least one occupant sustained during the
vehicle collision.

17. The computer system 1n accordance with claim 16,
wherein the at least one processor 1s further programmed to
select the autonomous or semi-autonomous vehicle system
to engage based upon at least one of the internal data and the
positional information.

18. The computer system 1n accordance with claim 17,
wherein the at least one processor 1s further programmed to
select an amount to engage the autonomous or semi-autono-
mous vehicle system based upon at least one of the internal
data and the positional information.

19. A computer-based method for detecting a vehicular
collision and automatically engaging an autonomous vehicle
system, the method implemented on a vehicle computer
device mcluding one or more processors 1n communication
with at least one memory device, the method comprising:

receiving internal data from at least one internal sensor

mounted on a vehicle and configured to collect data
associated with the vehicle interior:;

receiving external data from at least one external sensor

mounted on the vehicle and configured to collect data
assoclated with the vehicle exterior;

determining, by the vehicle computer device, that a

vehicle collision 1s imminent based upon the recerved
external data;

selecting an amount to engage an autonomous or semi-

autonomous vehicle system based upon at least one of
the internal data and positional information for at least
one occupant ol the vehicle;
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identifying two or more external objects that the vehicle
could impact in the vehicle collision;

determiming one external object, of the identified two or
more external objects, to impact that mitigates damages
incurred or injuries suilered from the vehicle collision;

automatically engaging the autonomous or semi-autono-
mous vehicle system, based at least 1n part upon the
selected amount, to facilitate impacting the determined
one external object by automatically repositioning the
vehicle;

determining, using the positional information for the at
least one occupant, one or more forces to be applied to

the at least one occupant during the vehicle collision;
and

identifying, based upon the positional information and the
determined one or more forces, one or more potential
injuries to the at least one occupant sustained during the
vehicle collision.
20. The computer system of claim 1, wherein the two or
more external objects include at least one of a stationary
object and a moving object, and wherein the at least one
processor 1s programmed to:
determine, based upon a scenario model of the vehicle
collision, that an occupant injury may be lessened by
impacting the stationary object; and

determine to impact the stationary object to mitigate the
occupant injury.

21. The computer system of claim 20, wherein the moving
object 1s one of another vehicle and a pedestrian, wherein the
damages incurred from the vehicle collision include vehicle
damage, and wherein injuries suflered from the vehicle
collision 1nclude at least one of pedestrian injury and occu-
pant injury to the at least one occupant caused by the vehicle
collision.

22. The computer system of claim 1, wherein the at least
one processor 1s further programmed to determine a corre-
sponding severity of the one or more potential injuries to the
at least one occupant sustained during the vehicle collision.

23. The computer system of claim 22, wherein the at least
one processor 1s 1n communication with one or more emer-
gency service providers, and wherein the at least one pro-
cessor 15 further programmed to:

select, based upon a scenario model of the vehicle colli-

sion and a geographic location of the vehicle collision,
one of the one or more emergency service providers to
contact; and

transmit, to the selected emergency service provider, 1) the

one or more potential injuries to the at least one
occupant sustained during the vehicle collision and 1)
the corresponding severity of the one or more potential
injuries to the at least one occupant sustained during the
vehicle collision.
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