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(57) ABSTRACT

A system for determining an orientation of a mobile device
with respect to a vehicle. The system comprises at least one
computer processor programmed to: receive local motion
information regarding the mobile device; receive global
displacement information regarding the mobile device; and
based on the local motion information regarding the mobile
device and the global displacement information regarding
the mobile device, determine the orientation of the mobile
device with respect to the vehicle. A method for determining
an orientation of a mobile device with respect to a vehicle,
and at least one computer-readable storage medium having
instructions recorded thereon which, when executed by a
computer, cause the computer to perform the method.
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ESTIMATING ORIENTATION OF A MOBILE
DEVICE WITH RESPECT TO A VEHICLE
USING GLOBAL DISPLACEMENT
INFORMATION AND LOCAL MOTION
INFORMATION

RELATED APPLICATIONS

[0001] This application claims priority under 35 U.S.C. §
120 and is a continuation of commonly assigned U.S. patent
application Ser. No. 16/041,535, filed Jul. 20, 2018, entitled
“ESTIMATING ORIENTATION OF A MOBILE DEVICE
WITH RESPECT TO A VEHICLE USING GLOBAL DIS-
PLACEMENT INFORMATION AND LOCAL MOTION
INFORMATION,” having Attorney Docket No. C1062.
70002US00, which claims priority under 35 U.S.C. § 119(e)
to U.S. Provisional Patent Application Ser. No. 62/539,482,
entitled “USING INFORMATION FROM A MOBILE
PHONE TO DETECT WHEN AN AUTOMOBILE CRASH
OCCURS,” filed Jul. 31, 2017, the entireties of which are
incorporated herein by reference.

BACKGROUND

[0002] Conventionally, estimates of the orientation of a
mobile device with respect to a vehicle rely on information
from inertial sensors of the device, such as an accelerometer.
For example, some conventional techniques for estimating
the orientation of a mobile device use output from the
accelerometer of the device during a period of time when the
device is believed to be traveling in a straight line.

SUMMARY

[0003] Some embodiments of the invention are directed to
a system for determining an orientation of a mobile device
with respect to a vehicle in which the mobile device is
transported. The system comprises at least one computer
processor, programmed to: receive local motion information
regarding the mobile device; receive global displacement
information regarding the mobile device; and based on the
local motion information regarding the mobile device and
the global displacement information regarding the mobile
device, determine the orientation of the mobile device with
respect to the vehicle. In some embodiments, the at least one
computer processor may be programmed to, based at least in
part on the determined orientation of the mobile device with
respect to the vehicle, (1) identify a path traveled by the
mobile device with respect to the vehicle as the mobile
device is transported by a user outside the vehicle, such as
to determine whether the user of the mobile device is a
driver of the vehicle; (2) determine whether a driver of the
vehicle initiated one or more evasive maneuvers before an
impact sustained by the vehicle; and/or (3) determine a
direction and/or an area of an impact sustained by the
vehicle.

[0004] Some other embodiments of the invention are
directed to at least one computer-readable storage medium
having instructions recorded thereon which, when executed
by a computer, cause the computer to perform a method for
determining an orientation of a mobile device with respect
to a vehicle, comprising: receiving local motion information
regarding the mobile device; receiving global displacement
information regarding the mobile device; and based on the
local motion information regarding the mobile device and

Jul. 16, 2020

the global displacement information regarding the mobile
device, determining the orientation of the mobile device
with respect to the vehicle.

[0005] Still other embodiments are directed to a method
for determining an orientation of a mobile device with
respect to a vehicle. The method may comprise: receiving
local motion information regarding the mobile device;
receiving global displacement information regarding the
mobile device; and based on the local motion information
regarding the mobile device and the global displacement
information regarding the mobile device, determining the
orientation of the mobile device with respect to the vehicle.
[0006] The foregoing is a non-limiting summary of some
aspects of certain embodiments of the invention. Some
embodiments of the invention are described in further detail
in the sections that follow.

BRIEF DESCRIPTION OF DRAWINGS

[0007] Various aspects and embodiments are described
below with reference to the following figures. It should be
appreciated that the figures are not necessarily drawn to
scale. Items appearing in multiple figures are indicated by
like reference numerals in each figure in which the items
appear.

[0008] FIG. 1 depicts representations of a vehicle and a
mobile device with relative orientations, in accordance with
some embodiments.

[0009] FIG. 2 depicts representations of acceleration of a
mobile device, in accordance with some embodiments.
[0010] FIGS. 3-5 depict representations of acceleration,
velocity, and gravity, in accordance with some embodi-
ments.

[0011] FIG. 6 depicts representations of acceleration and
speed, in accordance with some embodiments.

[0012] FIG. 7 depicts representations of speed, accelera-
tion, and gravity error in various time windows, in accor-
dance with some embodiments.

[0013] FIG. 8 depicts representations of speed, accelera-
tion, and gravity error in alternative time windows, in
accordance with some embodiments.

[0014] FIG. 9 depicts representations of a motion mask, in
accordance with some embodiments.

[0015] FIG. 10 is a block diagram depicting a represen-
tative system for determining the orientation of a mobile
device with respect to a vehicle, in accordance with some
embodiments.

[0016] FIG. 11 is a flow chart depicting a representative
process for determining the orientation of a mobile device
with respect to a vehicle, in addition to other determinations,
in accordance with some embodiments.

[0017] FIG. 12 depicts representations of paths traveled by
a mobile device transported by a user outside a vehicle, in
accordance with some embodiments.

[0018] FIG. 13 depicts representations of exemplary deter-
mined impact directions, in accordance with some embodi-
ments.

[0019] FIG. 14 is a flow chart depicting a representative
process for determining the orientation of a mobile device
with respect to a vehicle, in accordance with some embodi-
ments.

[0020] FIG. 15 is a flow chart depicting a representative
process for determining orientations of a mobile device with
respect to a vehicle in different time windows, determining
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a quality indicator for each orientation, and determining
hard braking or acceleration, in accordance with some
embodiments.

[0021] FIGS. 16-17 depict representations of acceleration
data captured during trips in vehicles, in accordance with
some embodiments.

[0022] FIG. 18 is a flow chart depicting a representative
process for determining the driver of a vehicle, in accor-
dance with some embodiments.

[0023] FIG. 19 is a flow chart depicting a representative
process for determining whether a user is a driver or
passenger of a vehicle, in accordance with some embodi-
ments.

[0024] FIG. 20 depicts a representation of a timeline of
events, in accordance with some embodiments.

[0025] FIG. 21 is a flow chart depicting a representative
process for determining information regarding an impact a
vehicle has sustained, in accordance with some embodi-
ments.

[0026] FIG. 22 is a flow chart depicting a representative
process for determining information regarding an impact a
vehicle has sustained and whether evasive maneuvers were
initiated, in accordance with some embodiments.

[0027] FIG. 23 is a block diagram depicting a represen-
tative computing system that may be used to implement
certain aspects.

DETAILED DESCRIPTION

1. Overview

[0028] The Assignee has appreciated that conventional
techniques for estimating the orientation of a mobile device
with respect to a vehicle have produced unreliable and
inaccurate results due to various limitations. One limitation
is that these conventional techniques use only linear accel-
eration events (e.g., those in which the motion of the vehicle
is in a straight line) or events in which motion is assumed to
be linear. Using this straight-line assumption reduces the
accuracy of orientation estimations for events that are
deemed to be “close enough” to straight-line events. Fur-
thermore, using this straight-line assumption restricts the
events that can be used for the estimation.

[0029] The Assignee has also appreciated that this and
other obstacles to reliable and accurate orientation estima-
tion described further below may be mitigated or overcome
by using additional information beyond merely that which is
produced by inertial sensors (e.g., a gyroscope and/or accel-
erometer, etc.) of a mobile device (e.g., a smartphone, tablet,
wearable device, gaming console, dedicated hardware, and/
or any other suitable electronic device(s)). Indeed, the
Assignee has appreciated that using such additional infor-
mation as a basis for estimating the orientation of the mobile
device with respect to a vehicle may significantly improve
the reliability and accuracy of orientation estimation. For
example, global displacement information, such as informa-
tion produced by a global positioning system (GPS) unit,
and/or other data from which the displacement of the mobile
device relative to the planet or a surrounding area or some
other external environment (e.g., speed, heading, and/or
multiple positions determined by the system) may be
inferred may be especially useful in improving the reliability
and accuracy of orientation estimation.

[0030] The Assignee has further appreciated that deter-
mining the orientation of a mobile device with respect to a
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vehicle may allow other information to be gleaned regarding
the mobile device, the vehicle, the driver, and so on. As one
example, determining the orientation of the device with
respect to the vehicle may allow for determining information
about acceleration of the vehicle, such as based upon rota-
tional relationships like those shown in FIG. 1. FIG. 1
symbolically depicts vehicle 101 and mobile device 110
with relative orientations 10, with corresponding accelera-
tions along (arbitrarily defined) x- and y-axes 20, and
corresponding explanations 30. As shown in FIG. 1, at top
in 10 is a mobile device 110 that has an x-axis x,, aligned
with the vehicle 101 x-axis x_, such that forward accelera-
tion of the vehicle 101 is detected as positive acceleration
along x,, at top of 20 in FIG. 1, as top of 30 explains. At
middle in 10 is a mobile device 110 that has its y-axis y,,
aligned with the vehicle 101 x-axis x_, such that forward
acceleration of the vehicle 101 is detected as positive
acceleration along y,, at middle of 20 in FIG. 1, as middle of
30 explains. At bottom in 10 is a mobile device 110 that has
its y-axis y, at a 45 degree angle with the vehicle 101 x-axis
X,, such that forward acceleration of the vehicle 101 is
detected as equally positive acceleration along both y, and
x,, at bottom of 20 in FIG. 1, as indicated at bottom of 30.
As will be described in further detail below, some embodi-
ments of determining the orientation of the device with
respect to the vehicle may provide insights into (as
examples) impacts sustained by the vehicle (e.g., the initial
direction of a crash, such as that a crash originated at the
front right bumper or the rear of the vehicle), whether
evasive maneuvers were initiated at a given time (e.g.,
before an impact), whether hard braking or acceleration
occurred, and/or whether information reported about an
incident involving the vehicle is accurate.

[0031] As another example, determining the orientation of
the device with respect to the vehicle may allow for deter-
mining whether the user of the device is the driver of the
vehicle. For example, the orientation of the mobile device
with respect to the vehicle may enable determination of the
location in the vehicle from which the mobile device was
removed. For example, if the mobile device exits on the left
side of the vehicle, this may indicate (in certain jurisdic-
tions) that the user of the device is the driver of the vehicle,
and if the mobile device exits on the right side of the vehicle,
this may indicate that the user of the device is a passenger.
Knowing whether the user of the device is the driver of the
vehicle may be useful for any of numerous reasons, such as
to inform decisions relating to usage-based insurance (UBI)
(i.e., insurance premised on direct measurements of a user’s
driving ability and behavior). In this respect, the Assignee
has appreciated that one challenge associated with using a
mobile device to inform decisions relating to UBI is that a
mobile device captures data for all trips in which the device
is transported in a vehicle, and not just those trips during
which the user of the device is the driver. Of course, it should
be appreciated that an estimate of the orientation of a device
with respect to a vehicle may have uses unrelated to insur-
ance.

[0032] These and other features and advantages of some
embodiments are described in detail below.

II. Estimating the Orientation of a Device with
Respect to a Vehicle

[0033] The Assignee has appreciated that conventional
device orientation estimation techniques have suffered from
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poor reliability and accuracy due in part to directional
ambiguity. That is, when only local motion information like
acceleration is measured, there are two possibilities for
orientation: the calculated orientation, and an orientation
that is 180 degrees rotated from the calculated orientation.
An illustration of this phenomenon is given in FIG. 2. In the
example shown, a +1 g force acts along the y-axis of a
mobile device depicted in FIG. 2, and a 0 g force acts on the
other axes. This could correspond to a 1 g acceleration (i.e.,
speed-up) event in the forward direction of the vehicle with
the y-axis of the mobile device pointing toward the front of
the vehicle, as shown at bottom left of FIG. 2, or this could
correspond to a -1 g acceleration (i.e., braking) event with
the mobile device’s y-axis pointing toward the rear of the
vehicle, as shown at bottom right of FIG. 2.

[0034] The Assignee has also appreciated that noise and
corruption, non-uniform force directions, non-constant
acceleration, and small forces relative to gravity may con-
tribute to the poor reliability and accuracy of conventional
orientation estimation techniques. In this respect, while
high-frequency noise may be mitigated via lowpass filtering,
low-frequency vibrations may persist, and force in non-
uniform directions like significant lateral forces (e.g., a
turning vehicle) or vertical forces (e.g., a vehicle hitting a
bump or going up and down a hill) may create a disparity
between a force vector direction and the forward direction of
a vehicle, which may cause calculated rotations to be
incorrect. Additionally, measured force may be quite vari-
able over intervals of braking or acceleration (such as shown
at top in FIG. 2), and may be corrupted by noise. Moreover,
the forces that are measured are typically small in magnitude
compared to 1 g, such that addressing the role of gravity may
be important in generating an accurate measure of force
during a given event (e.g., an impact or acceleration). To
illustrate, although an event with constant vehicle accelera-
tion is depicted at top in FIG. 2, insufficient remediation of
the role gravity plays in conventional techniques makes the
graph appear to depict the vehicle slowing down and then
speeding up.

[0035] FIG. 3 includes at top the same acceleration graph
that is shown at the top of FIG. 2, with corresponding
GPS-inferred speed at middle, and estimated gravity at
bottom. In FIG. 3, gravity is estimated given the time series
within the time window of the event by calculating the mean
or median of the gravity vector within the time window.

[0036] FIG. 4 includes graphs of acceleration, GPS-in-
ferred speed, and estimated gravity for the same event
represented in the graphs shown in FIG. 3, but with an
expanded time window for the event. FIG. 4 illustrates a
phenomenon recognized by the Assignee: that when a time
window is expanded, even slightly, a “quiet” period may
appear at the edges (i.e., before and after the time window
represented in FIG. 3. The Assignee has also appreciated that
the gravity vector (shown at bottom in FIG. 4) may be
determined more easily and accurately during such a “quiet”
period (e.g., at left of bottom of FIG. 4) than during a “less
quiet” period like any of the time window represented at
bottom of FIG. 3, as gravity may be more easily distin-
guished from less powerful forces at work in a “quiet”
period. The Assignee has further appreciated that removing
an estimate of gravity produced using this estimate of the
gravity vector (e.g., shown at bottom in FIG. 4) from raw
acceleration may produce an acceleration profile like that
which is shown at top in FIG. 5, which is more consistent
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with the GPS-inferred velocity profile than would have been
produced using conventional techniques.

[0037] The Assignee has also appreciated that the
examples shown in FIGS. 3, 4, and 5 may be atypical
because in these, a quiet period occurs just before an
acceleration or similar event, whereas this may not be the
case when a vehicle is moving, due to all the forces at work.
FIG. 6 shows another example of acceleration and GPS-
inferred speed profiles for a mobile device in a moving
vehicle. An example like that which is represented in FIG.
6 has led the Assignee to appreciate that gravity error may
be further reduced by using some embodiments herein to
determine a gravity vector, such as is described in relation to
act 216 of FIG. 11 below.

[0038] The Assignee has further appreciated that increas-
ing the amount of time over which an event is analyzed may
improve the reliability and accuracy of orientation determi-
nation, as the time window conventionally selected for
analysis of a “fast braking” event is generally not long
enough for disambiguating orientation. In this respect, FIG.
7 illustrates that it may not be possible to disambiguate
orientation when acceleration is constant or near-constant,
especially since it may not be possible to determine the
“true” acceleration and the gravity error from their measured
sum when that sum is constant or near-constant. In FIG. 7,
1810 depicts a time window in which speed is increasing (as
indicated at top in 1810) at a constant rate (as indicated at
middle and bottom in 1810). However, at 1820 are shown
the different accelerations measured by a GPS unit (at top in
1820) and an IMU (at bottom in 1820). At 1830 are shown
two plausible conclusions from the information represented
in 1810 and 1820: the one at top in which the determined
orientation happens to be correct, and another at bottom in
which the determined orientation is 180 degrees rotated
from the true orientation.

[0039] FIG. 8 illustrates the improved reliability and accu-
racy that may be achieved in accordance with some embodi-
ments of the invention. At 1910 are shown graphs for
GPS-inferred speed (at top), GPS-inferred acceleration (at
middle), and IMU-measured acceleration (at bottom) for the
same event represented in the graphs at 1810 (FIG. 7), but
over a longer time window than is reflected in the graphs
shown at 1810. In this example, the window is selected so
that speed is not increasing at a constant rate, and accelera-
tion is not constant, over the length of the window. At 1920
is shown the constituents of the (gravity-biased) measured
IMU acceleration shown in 1910, and specifically the mea-
sured IMU acceleration (at bottom in 1910 and at left of
1920) includes a true acceleration (at middle) and a gravity
bias (at right). It can be seen that using the expanded time
window represented in 1910 enables a conclusion to be
drawn that the orientation reflected at top in 1830 is far more
likely to be correct than that which is reflected at bottom in
1830, because a 180 degree rotation would not allow for the
profile of constant velocity, then a speed-up, then a constant
velocity shown in the expanded time window reflected at
1910. Thus, it can be seen that analyzing an event over a
different (e.g., expanded) time window may eliminate or
mitigate at least part of the directional ambiguity problem
described above.

[0040] The Assignee has also appreciated that the “edges”
of'the time window over which an event is analyzed need not
be times at which constant velocity occurred. In fact, the
Assignee has recognized that the more variation in a speed
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profile during a time window, the easier it may be to
disambiguate orientation and produce an accurate orienta-
tion estimate. For example, 1930 shows an exemplary GPS
speed that may provide even more reliable and accurate
orientation determination if a time window is set to include
it. In this respect, some embodiments of the invention are
directed to automatically selecting the length of a time
window to improve the reliability and accuracy of an
orientation estimate. For example, in accordance with some
embodiments, an automated procedure may quantify “suf-
ficient variation” in the velocity profile. For example, such
a procedure may employ a motion mask, which is a tech-
nique for labeling when a value over a time series is positive,
negative, or roughly zero. An exemplary motion mask is as
follows:

1 a>s
my=1< 0 J|al=<s
-1 a<-s

Here, a, may be a rough approximation of GPS acceleration
(e.g., the first difference of velocity divided by the time
difference); m, may quantify when velocity is increasing
(+1), decreasing (-1), or roughly constant (0); and s may be
a threshold (such as 0.25 meters per second squared) below
which acceleration values are considered to be roughly 0.
FIG. 9 shows an example of a motion mask. Some embodi-
ments may include additional logic to filter out high fre-
quency switching between +1 and -1, with results as shown
in the average acceleration along with the motion mask in
FIG. 9. A motion mask may in some embodiments aid in
mitigating situations where the velocity is just starting to
transition from increasing to decreasing or vice-versa, which
is counted as near-constant velocity.

[0041] In some embodiments, for a given window length,
two statistics may be computed:

1 N
n= D mland
=1

1=
B

= -

]

Here, N may be the number of GPS samples in the window
length (which typically may be 5-30 samples). v, represents
the fraction of the window where the velocity profile is
changing (i.e., increasing or decreasing). For example, v,
may indicate whether there is enough acceleration either
way, and v, may indicate whether there is enough variation.
v, crudely represents the net variation in the velocity profile.
Ifv, is high, the velocity profile may have significant periods
of time where it is increasing, decreasing, or both; if v, is
also low, then there may be a counterbalance. Examples
include the following: a velocity profile that has a significant
increasing region and a significant constant velocity region;
a velocity profile that has a significant decreasing region and
a significant constant velocity region; and a velocity profile
that has significant increasing and decreasing regions.
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[0042] For a given window length, some embodiments
may employ the following thresholds:

Y f >V f erit
and/or

crit
Vo <'\/2

In some embodiments, v,” may be between 0.35 and 0.65,
such as 0.5. Alternatively or additionally, v,”” may be
between 0.2 and 0.45, such as 0.33.

[0043] Inaccordance with some embodiments, a candidate
window length may include a smallest window length
corresponding to a fast braking event and a largest window
length that includes plus or minus 15 seconds, where the
increment between window lengths may be 1 second. For
each candidate window length, some embodiments may
compute v, and v, and apply the thresholds listed above. If
a candidate window length satisfies both thresholds, it may
be added to a list of valid window lengths. Some embodi-
ments may then solve the corresponding optimization prob-
lem, such as that discussed below regarding act 220 of FIG.
11, for each valid window length. Each individual window
length may yield its own determination (e.g., an estimate of
8,,,)- Some embodiments may then employ the orientation
determination corresponding to the window length with the
lowest result when a quality indicator (e.g., s; as described
with regard to act 240 of FIG. 11 below) is applied. For
example, for any of these embodiments, a quality indicator
may be used to filter and discard poor estimates, as described
below. In some embodiments, orientation estimates may
include 95% of estimates with less than 20 degrees of error.

[0044] In some embodiments, one or more mathematical
models and/or other algorithms may be used to process
readings from a mobile device and/or transformed represen-
tations thereof to estimate the orientation of the mobile
device with respect to a vehicle. The model(s) may, for
example, be initially trained using data gathered from any
suitable number of mobile devices, over any suitable period
of time, and may be updated over time as more and more
data (e.g., on more and more mobile devices over time) is
gathered and processed. As a result, the accuracy with which
the model(s) estimate orientation may increase over time.
However, it should be appreciated that embodiments are not
limited to using only models trained in this manner. For
example, information identified by one model to be useful
may be used in the application of one or more other models.
Additionally, it should be appreciated that the information
that is used in making orientation estimates is not limited to
the information produced by one or more models. Any
suitable form(s) of information may be used.

[0045] The orientation of a mobile device may be esti-
mated at any suitable juncture(s) and by any suitable com-
ponent(s). For example, in some embodiments, readings
collected from the components of a mobile device with
respect to a vehicle may be processed by one or more
modules executed by a server that is physically remote from
the mobile device, at some time after the readings are
captured. By contrast, in some embodiments these readings
may be processed in real-time by the mobile device itself as
data is captured, such as to provide real-time feedback to the
user of the device and/or to enable functionality associated
with a particular vehicle or type of vehicle provided by the
device. Any of numerous different modes of implementation
may be employed.
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[0046] It should be appreciated that, as used herein, the
term “estimating”, such as in “estimating the orientation”,
need not necessarily mean estimating the exact orientation,
although the actual orientation may be much closer to the
orientation estimated than “estimating” typically suggests.
For example, in some cases an estimation may consist of a
general directional estimate, at a relatively low level of
specificity. In other cases, an estimation may be at a high
level of specificity, and close to if not identical to the
device’s actual orientation. It should also be appreciated
that, as used herein, the term “determining” may include
estimating, calculating, and/or any other suitable methodol-
ogy for arriving at whatever is being determined.

[0047] In some embodiments, the accelerometer, gyro-
scope, and/or GPS components of a mobile device may
provide information that is usable to make determinations
herein. For example, in some embodiments, accelerometer
readings indicating acceleration of the mobile device in one
or more directions (e.g., in X-, y-, and z-directions, and/or in
any other suitable direction(s), as defined in any suitable
way(s)) over time may be sampled while the mobile device
resides in or near the vehicle during its operation. Gyroscope
and/or GPS readings may, for example, be used to determine
when the vehicle and/or mobile device are being operated in
predefined ways that the Assignee has appreciated yield
readings that are most useful in making determinations
described herein. For example, gyroscope and/or other
instrument readings may be used to identify periods during
which the mobile device is in (and/or is not in) one of a set
of predetermined orientations and/or modes of use. As an
example, the Assignee has appreciated that accelerometer
readings taken while the mobile device is actively being
used may not be reliable for making the orientation deter-
minations described herein, and so accelerometer readings
taken during periods of active use (e.g., as indicated by
readings from a gyroscope and/or other instruments) may be
ignored.

[0048] FIG. 10 depicts a representative system 100 for
collecting and processing data from a mobile device and/or
one or more other sources to estimate the orientation of a
mobile device with respect to a vehicle in which the device
travels at least some of the time. In representative system
100, mobile device 110 may travel in and near vehicle 101,
but is not permanently associated with vehicle 101, or any
other particular vehicle, and may be transported by a user
from one vehicle to another. As such, vehicle 101 is repre-
sented using dotted lines in FIG. 10. Although a label in the
singular is used herein to reference a mobile device, it
should be appreciated that the components used to collect
data useful for the determinations described herein may be
physically and/or logically distributed across any suitable
number of hardware devices, each adapted for transport by
a user between settings (e.g., vehicles) as the user desires.

[0049] Vehicle 101 may be any suitable vehicle, adapted
for travel on land, sea, and/or air. For example, vehicle 101
may be an automobile, truck, motorcycle, boat, helicopter,
airplane, and/or any other suitable type of vehicle. In some
embodiments, vehicle 101 may include processing logic 102
and/or transceiver 106. Transceiver 106 may allow vehicle
101 to communicate with mobile device 110 or via network
(s) 120 with server 130. In some embodiments, processing
logic 102 may comprise software code that is executed to
perform operations such as those performed by processing
logic 112 or 134.
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[0050] In representative system 100, mobile device 110
may comprise inertial measurement unit (IMU) 118, pro-
cessing logic 112, GPS unit 114, and transceiver 116. IMU
118 may comprise any suitable collection of components for
capturing the movement and/or orientation of mobile device
110. For example, in some embodiments, IMU 118 may
comprise one or more accelerometers, gyroscopes, and/or
any other suitable components. GPS unit 114 captures
information relating to the location of mobile device 110
over time, which may be used to infer the speed and/or
heading at which mobile device 110 (and, thereby, the
vehicle in which it travels) is moving at any given time. It
should be appreciated, however, that vehicle location, speed,
and/or heading may be measured in any of numerous ways,
and that embodiments are not limited to using a GPS unit to
measure device location, speed, and/or heading. Any suit-
able technique(s) and/or component(s) may be employed.
GPS unit 114 may be one example of a provider of global
displacement information.

[0051] IMU 118 and GPS unit 114 may provide data to
processing logic 112 for processing or to transceiver 116
(discussed below) for transmission. This processing may
take any of numerous forms, and some representative pro-
cessing modes are described in further detail below. For
example, in some embodiments, processing logic 112 may
comprise software code that is executed to apply one or
more mathematical models to readings captured by IMU 118
and GPS unit 114 so as to estimate the orientation of the
mobile device 110 with respect to the vehicle 101.

[0052] Mobile device 110 may further include transceiver
116, which allows mobile device 110 to communicate via
network(s) 120 with server 130. Network(s) 120 may com-
prise any suitable communications infrastructure, and
employ any suitable communication protocol(s), as embodi-
ments are not limited in this respect. For example, if mobile
device 110 comprises a smartphone adapted for cellular
communication, then network(s) 120 may comprise one or
more cellular networks.

[0053] Server 130 may comprise communication facility
132 for receiving transmissions from, and sending transmis-
sions to, mobile device 110 via network(s) 120. Communi-
cation facility 132 may take any of numerous forms, which
may be driven by the communications infrastructure com-
prising network(s) 120. For example, if network(s) 120
comprise one or more wired networks, then communication
facility 132 may comprise a network adapter useful for
receiving transmissions over the wired network(s), and if
network(s) 120 comprise one or more wireless networks,
then communication facility 132 may comprise a radio
useful for receiving transmissions over the wireless network
(s). Of course, communication facility may comprise com-
ponents useful for receiving transmissions over different
types of networks.

[0054] Server 130 may include processing logic 134. In
some embodiments, processing logic 134 may comprise
software code that is executable to process information
received from mobile device 110 via network(s) 120. As an
example, processing logic 134 may be used to process local
motion and global displacement information (and/or repre-
sentations thereof) received from mobile device 110 to
estimate the orientation of the mobile device with respect to
a vehicle. Processing logic 134 may store information in,
and retrieve information from, data repository 140. For
example, processing logic 134 may cause local motion and
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global displacement information and/or representations
thereof received from mobile device 110 to be stored in data
repository 140. Results generated by processing the infor-
mation received from mobile device 110 may be stored in
data repository 140. Although only one data repository 140
is shown in FIG. 10, it should be appreciated that any
suitable number of data repositories may be employed.
[0055] Results generated by processing logic 134 may be
provided to one or more components (e.g., processing logic
112, or one or more components not shown in FIG. 10),
which may generate information for presentation to a user
(e.g., to a user of mobile device 110, such as to provide
real-time feedback, or to one or more other users not
represented in FIG. 10, as described in further detail below).
If the information generated by these component(s) is to be
provided to a user of electronic device 110, it may be
transmitted to mobile device 110 via communication facility
132 and network(s) 120.

[0056] It should be appreciated that although the descrip-
tion above includes references to several components of
representative system 100 being implemented at least in part
via software, any of the components of representative sys-
tem 100 may be implemented using any suitable combina-
tion of hardware and/or software components. As such, each
component should be generically considered a controller
that may employ any suitable collection of hardware and/or
software components to perform the described function.
[0057] It should also be appreciated that although only a
single server 130 and single mobile device 110 is shown in
FIG. 10, any suitable number of server components may be
used to process information received from any suitable
number of mobile devices. Any information gathered by a
mobile device may be processed by components that are
logically and/or physically distributed across any suitable
number of server devices. In similar fashion, any processing
of such information may be logically and/or physically
distributed across processing logic 112 on a mobile device
110 and processing logic 134 on a server 130, in any suitable
fashion. Any of numerous different modes of implementa-
tion may be employed.

[0058] FIG. 11 depicts a representative high-level process
200 for estimating the orientation of a mobile device (e.g.,
mobile device 110) with respect to a vehicle (e.g., vehicle
101). Representative process 200 involves the application of
one or more mathematical models, and so before the start of
representative process 200 (and other representative pro-
cesses described herein), and/or during and after represen-
tative process 200, one or more mathematical models may
be trained to estimate the orientation of a mobile device with
respect to a vehicle, such as using data captured by one or
more mobile devices traveling in or near a vehicle. In some
embodiments, local motion information and/or global dis-
placement information may be collected by one or more
mobile devices while each device travels in or near one or
more vehicles. For example, a GPS unit of each mobile
device may capture global displacement information and an
accelerometer component may capture local motion infor-
mation, such as acceleration components in three dimen-
sions, referred to herein as x-, y-, and z-directions for
simplicity. Of course, acceleration may be characterized as
occurring in any suitable direction(s), which may or may not
correspond to x-, y-, and/or z-directions in a Cartesian
coordinate system. Embodiments are not limited in this
respect.
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[0059] In some embodiments, for purposes of training the
model(s), the collected information may be specifically
associated with a particular mobile device, set of mobile
devices, and/or mobile device(s) exhibiting certain qualities.
For example, one data set captured by a mobile device A
may be labeled as relating to mobile device A, another data
set captured by mobile device B may be labeled as relating
to mobile device B, and/or another data set captured by
mobile device C may be labeled as relating to mobile
devices having one or more qualities exhibited by mobile
device C. Each of mobile device A, B, and C may be a
different make and/or model of smartphone, for example,
which may have different qualities, such as a specific
gyroscope range.

[0060] Any suitable type(s) of mathematical model may
be trained to perform techniques described herein. For
example, a machine learning algorithm (e.g., a neural net-
work) may be trained to use data to learn how to estimate the
orientation of a mobile device with respect to a vehicle or
any other determination described herein. Of course, a
machine learning algorithm need not be used, as any suitable
mathematical model(s) and/or computational approach(es)
may be employed.

[0061] The effectiveness of the model(s) in estimating
device orientation may be determined in any suitable fash-
ion. For example, if the model(s) successtully determine the
direction of an impact a vehicle has sustained less than a
threshold percentage of the time, then it may be determined
that the model(s) should be further trained before being used
further. Any suitable revision, adjustment, and/or refinement
may be applied. For example, more training data may be
passed to the model(s) to further train the model(s). Any
revision, adjustment, and/or refinement may be applied
using manual techniques, automatic techniques, or a com-
bination thereof.

[0062] The model(s) may be revised in any of numerous
ways. In some embodiments, vehicle operation data may be
used to further train the model(s), such as to identify
particular features in received information that are useful for
estimating the orientation of a mobile device with respect to
a vehicle.

[0063] In some embodiments, representative process 200
optionally may begin at act 210, wherein local motion
information regarding the mobile device may be received by
at least one processor. In some embodiments, the processor
(s) may be located at a server, such as processing logic 134
of server 130 described above. Alternatively or additionally,
the processor(s) may be located on the mobile device itself
(e.g., using processing logic 112) or even on the vehicle
itself (e.g., using processing logic 102). In some embodi-
ments, the local motion information may be received from
an IMU (e.g., IMU 118 of mobile device 110) or any other
suitable source.

[0064] Before, during, or after act 210, act 215 may occur,
wherein global displacement information regarding the
mobile device may be received by the processor(s). In some
embodiments, the global displacement information may be
received from a GPS unit (e.g., GPS 114 of mobile device
110) or any other suitable source. In some embodiments,
global displacement information includes at least one speed
of the mobile device, at least one heading of the mobile
device, and/or at least two positions determined by a global
positioning system component (e.g., GPS 114) of the mobile
device. For example, the global displacement information
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may be a scalar speed of the mobile device, a velocity with
both speed and heading or direction, and/or positions. In
some embodiments, global displacement information may
include at least one speed of the vehicle determined by at
least one sensor of the vehicle, such as a speedometer or a
built-in GPS unit.

[0065] According to some embodiments, the global dis-
placement information and/or the local motion information
regarding the mobile device may indicate non-linear accel-
eration of the mobile device. The Assignee has appreciated
that using acceleration that is non-linear (e.g., including
curves such as periods of time when the vehicle with the
mobile device inside is turning) may greatly increase the
reliability and accuracy of the estimation of the orientation
of' a mobile device with respect to a vehicle. This is in part
because including non-linear acceleration provides more
information, as well as longer window lengths (as discussed
above), that may be used for orientation estimation.

[0066] Some embodiments may consider acceleration in
both forward and left directions (or their opposites). Some
embodiments may determine forward acceleration from a
speed profile determined from global displacement informa-
tion such as a GPS speed profile. Additionally, some
embodiments may determine left acceleration from a course
angle indicating the direction of the mobile device or vehicle
in the North-West frame, which may also be available from
GPS data and/or another source (e.g., a gyroscope). A time
derivative of this quantity may then be used to estimate
angular velocity with respect to time, and from there,
centripetal acceleration may be determined. In some
embodiments, the centripetal acceleration may be used to
determine the left acceleration. The Assignee has appreci-
ated that using centripetal acceleration may reduce error in
estimating orientation from approximately 60 degrees to
approximately 20 degrees or less.

[0067] Representative process 200 may then optionally
proceed to act 216, wherein a gravity vector may be deter-
mined. In some embodiments, the gravity vector may be
estimated based on the local motion information and option-
ally the global displacement information received as
described above. The gravity vector may include any suit-
able number of dimensions, including those in the forward
direction, the left direction, and/or the up direction and their
opposites. In some embodiments, estimates (e.g., small
corrections) of gravity in forward and/or left directions may
be used to estimate gravity (e.g., small corrections) in the up
direction.

[0068] The Assignee has appreciated that while an orien-
tation estimate may rely on a coarse estimate of the direction
of gravity, a more accurate determination of the gravity
vector as made possible by some embodiments may improve
the reliability and accuracy of both the orientation estima-
tion and other determinations described herein. For example,
situations where accurate measurements of the non-gravity
component of an accelerometer measurement are important
include classifying overly-aggressive braking and/or accel-
eration events, as described further below. The Assignee has
appreciated that the correction to the gravity vector that may
be computed by some embodiments can change the non-
gravity acceleration estimates by 33-50%, which allows
significantly reduced false positives and false negatives in
classifying such overly-aggressive braking and/or accelera-
tion events.
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[0069] In some embodiments, gravity error in the forward
direction may be modeled as a bias o on measured forward
acceleration a, such as in the following equation, where a,,,,,
is actual forward acceleration:

a(t)=a,,(D+a.

true’

Additionally, gravity error in the leftward direction may be
modeled as a bias p, such as in the following equation:

B=-sin07 +cos07>.

Here, 6 is the angular orientation to be determined, while ¥,
and F, are means of raw accelerations in directions perpen-
dicular to gravity in an artificial reference frame not corre-
sponding to the reference frame of the vehicle.

[0070] The Assignee has appreciated that gravity error in
the upward direction may be determined based on the
gravity errors in the forward and leftward directions. For
example, in the frame of reference of the vehicle, upward
gravity error may be modeled as d as follows in some
embodiments:

d=1-vI-c2—p>.

[0071] In some embodiments, the gravity error in the
frame of reference of the mobile device may be determined
using a rotation operation, which may then be used to
determine the downward direction in the vehicle’s frame of
reference.

[0072] According to some embodiments, the combined
gravity error €,,, may be expressed as follows, where C is
defined in the discussion of act 220 below, 0,,, is the
orientation to be determined, vps is the velocity of the
mobile device or vehicle estimated based on global displace-
ment information (such as GPS data), and v, is the
velocity of the mobile device or vehicle estimated based on
local motion information (such as data from an IMU):

70

1(vGps (1) = Cllopr v iy (0)dr

Jorzar

€opt =

[0073] Insome embodiments, v ;s may be determined as
follows (while v, .., may be determined from, for example,
integration of data from an IMU unit):

s(0)
A i
vars(t) = lfw(‘r)s(‘r)d‘r]'
0

Here, s is a speed profile determined from global displace-
ment information such as a GPS speed profile, T is a given
time interval, and w is the angular velocity of the mobile
device or vehicle, which may be determined from a time
derivative of the course angle indicating the direction of the
mobile device or vehicle in the North-West frame, which
may also be available from GPS data and/or another source.
[0074] Representative process 200 may then proceed to
act 220, wherein based on the global displacement informa-
tion and optionally the local motion information regarding
the mobile device, the orientation of the mobile device with
respect to the vehicle may be determined by the processor(s)
in use. In some embodiments, part of this determination may
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include act 216. Alternatively, this determination in act 220
may be based on the gravity vector determined in act 216.
For example, act 216’s determination of the gravity vector
may be an integral part of determining the orientation in act
220, or the orientation may be determined in act 220 based
on an already determined gravity vector from act 216.
Alternatively or additionally, the orientation of the mobile
device with respect to the vehicle may be determined using
forward and left acceleration inferred from global displace-
ment information like GPS data and using one or more local
motion information acceleration readings, such as IMU data.
[0075] According to some embodiments, the orientation to
be determined may be expressed as 8, as follows:

0, ~arctan2(B, C)

A (used below), B, and C are defined as follows:

0 2 0 2
A= [lPaps@Il*dr + 1m0 DIt
o o

0
B= f Deops (0 D (D
0
(0 , 0 17,
C=f Veps (1) Vo (D)dr
A 10

Here, v, is the difference between the velocity of the
mobile device based on global displacement information
(such as GPS data) and the weighted mean of the velocity of
the mobile device or vehicle estimated based on global
displacement information, while v, is the difference
between the velocity of the mobile device based on local
motion information (such as data from an IMU) and the
weighted mean of the velocity of the mobile device or
vehicle estimated based on local motion information. vz
and v, ., may be expressed as follows:
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The Assignee has appreciated that this expression of the
orientation may include a single optimization problem with-
out the 180 degree ambiguity discussed above.

[0076] The Assignee has appreciated that, while using
global displacement information enables more reliable and
accurate orientation estimates to be produced, its use may
require various difficulties to be overcome. For example,
global displacement information like GPS data typically has
a low sampling rate (e.g., one sample per second), especially
compared to that of typical local motion information. Fur-
thermore, global displacement information may be difficult
to synchronize with local motion information like accelera-
tion due to each having different time axes. For example,
global motion information may be delayed relative to local
motion information due to various factors, such as reliance
on an external system for GPS, and so on. The Assignee has
appreciated that alignment of the axes and/or filtering of
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some data from either source may be necessary for the data
to be usable together effectively. Additionally, global dis-
placement information typically does not include sufficient
dimensions and general similarity to conventionally used
local motion information for such synchronization to be
straight-forward.

[0077] According to some embodiments, act 220 may
include synchronization of the global displacement infor-
mation and the local motion information, such as alignment
of the respective time axes of the global displacement
information and the local motion information. This synchro-
nization may include detection of time intervals in each that
suggest the intervals correspond to the same actual time
interval, as discussed in more detail below with relation to
FIGS. 15-17.

[0078] In some embodiments, the orientation determina-
tion may be utilized to determine information about the
vehicle, driver, and so on, as discussed above. For example,
a rotation matrix or similar mathematical construct like a
quaternion may be used to derive an orientation of the
vehicle or other information from measured or estimated
acceleration or any other suitable information.

[0079] In some embodiments, accelerometer and gyro-
scope information may be sampled at high frequency from
a user’s mobile device during a drive, along with location
and heading measured using GPS (which may be sampled at
different frequencies). According to some embodiments, a
set of existing algorithms may be used in post-processing (or
live) to detect periods of high acceleration (i.e., fast speed-
up or slow-down). In some embodiments, an acceleration
vector in the reference frame of the mobile device during
these high acceleration periods may be directly measured
from the accelerometer, and an acceleration vector in the
reference frame of the car may be computed via the GPS
data, utilizing information about the mobile device’s speed
and its change in heading. The Assignee has appreciated that
a mathematical optimization technique may determine a
rotation matrix that rotates the acceleration vector measured
in the frame of the mobile device into the acceleration vector
computed in the frame of the car. This rotation matrix may
be the estimate of the mobile device’s orientation in the
frame of the car.

[0080] Representative process 200 may then optionally
proceed to act 217, wherein a determination may be made by
the processor(s) regarding whether an acceleration of the
mobile device indicates braking or accelerating that exceeds
a threshold (e.g., because “hard” braking or acceleration of
the vehicle has occurred). The braking or acceleration may
be due to any suitable reason, such as reckless driving, an
impact, a near-miss, and so on. In some embodiments, the
determination of act 217 may be based directly on the
determination of the gravity vector in act 216. Alternatively,
the determination of act 217 may be based indirectly on the
determination of the gravity vector in act 216, and based
directly on the determination of the orientation in act 220.
[0081] Representative process 200 may then optionally
proceed to any of a number of other acts to make additional
determinations, including any of acts 240, 250, 260, and/or
270. For example, if process 200 proceeds from act 220 to
act 240, at least one quality indicator indicating a degree of
reliability of the determined orientation of the mobile device
with respect to the vehicle may be determined by the
processor(s). The Assignee has appreciated that some
embodiments may produce a quality indicator that, based on
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the information measured and received, provides an estimate
ot how “pure” or “corrupt” a given orientation determination
is likely to be. This quality indicator has become possible
due to refined optimization, resulting in a quality indicator
that more closely correlates with estimation error than was
previously possible.

[0082] In some embodiments, act 220 may include act
240. For example, act 240’s determination of the quality
indicator and/or act 245’s use of the quality indicator may be
integral part of determining the orientation in act 220, or the
quality indicator may be determined and/or used based on
the orientation determined in act 220.

[0083] In some embodiments, the quality indicator may
have the following definition, where A, B, and C are defined
in the discussion of act 220 above:

[0084] In some embodiments, when s,=1, optimal cost is
zero, and the data may fit the model perfectly. When 5,0,
the least-squares cost function described above may be a
constant, and optimization contains no information about
orientation. In general, values closer to 1 may indicate good
data fits and orientation estimates, whereas values closer to
zero may indicate bad fits and estimates.

[0085] In some embodiments, when the quality indicator
lies below a given threshold, the resulting orientation deter-
mination is deemed untrustworthy and can be ignored.
Alternatively or additionally, when the quality indicator lies
above a given threshold, which may be a different threshold,
the resulting orientation determination may be deemed reli-
able, very reliable, and so on.

[0086] Representative process 200 may then optionally
proceed from act 240 to act 245, in which the processor(s)
may employ the best orientation as the orientation to use.
For example, if two orientations have been determined in
two different time windows or even in the same time
window (e.g., using different information), the determined
orientation corresponding with the most positive quality
indicator may be employed as the orientation and/or for
further determinations.

[0087] Alternatively or additionally, process 200 may pro-
ceed from act 220 to act 250, wherein the processor(s) may,
based on the determined orientation of the mobile device
with respect to the vehicle, determine whether a driver of the
vehicle initiated one or more evasive maneuvers. In some
embodiments, the evasive maneuvers may have been made
before an impact the vehicle sustained or in any other
suitable time or situation.

[0088] Alternatively or additionally, process 200 may pro-
ceed from act 220 to act 260, wherein the processor(s) may,
based at least in part on the determined orientation of the
mobile device with respect to the vehicle, determine a path
traveled by the mobile device with respect to the vehicle as
the mobile device is transported by a user outside the
vehicle. For example, FIG. 12 illustrates two exemplary
paths a mobile device 110 might travel: along the left side of
the vehicle 101 from a driver seat 1210, which may indicate
that the device’s 110 owner is the driver, and along the right
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side of the vehicle 101 from a passenger seat 1220, which
may indicate that the device’s 110 owner is a passenger.

[0089] Process 200 may then proceed from act 260 to act
265, in which the processor(s) may, based on the determined
path traveled by the mobile device with respect to the
vehicle as the mobile device is transported by the user
outside the vehicle, determine whether the user of the mobile
device is a driver of the vehicle. For example, in the two
exemplary paths 1210, 1220 of FIG. 12, a path on the left
side (e.g., 1210) of the vehicle 101 may indicate that the
device’s 110 owner is the driver, and a path on the right side
(e.g., 1220) of the vehicle 101 may indicate that the device’s
110 owner is a passenger.

[0090] Alternatively or additionally, process 200 may pro-
ceed from act 220 to act 270, wherein the processor(s) may
determine information regarding an impact the vehicle has
sustained. In some embodiments, act 270 may include act
275, wherein the information being determined comprises a
direction of the impact. Alternatively or additionally, act 270
may include act 276, wherein the information being deter-
mined comprises an area of the impact, such as the main
components of the vehicle that sustained the impact. In some
embodiments, the area of the impact may be determined
based on a determined direction of the impact. For example,
the processor(s) may access a model of the vehicle and
determine what components of the vehicle would likely have
sustained the impact and to what extent based on the
direction of the impact and the measured acceleration at or
near the time of the impact. FIG. 13 shows examples of
directions of impacts in 2110, 2120, and 2130, with the
integrated forward/left acceleration mapped onto a clock.
The shaded areas around the arrows indicate uncertainty.
The Assignee has appreciated that lateral direction can be
determined from a relative proportion of forces in the
forward and left directions. The Assignee has also recog-
nized that, because forces vary wildly during initial impact,
some embodiments cannot merely consider a ratio of accel-
erations at a single point in time. Rather, some embodiments
may compute the area under the forward and left accelera-
tion curves during an impact event and use these areas to
compute an angular estimate of the initial impact. Also in
FIG. 13, 2140 shows a lower quality determination of the
impact direction, which may occur when only a lower
quality orientation estimate is available. For example, the
quality indicator for this orientation determination may be
about 0.67, and the direction determination may be about 90
degrees away from the actual impact direction.

[0091] In some embodiments, process 200 may then end
or repeat as necessary. For example, any or all of process
200 may use iterative processing to improve the accuracy of
the determinations being made. Any suitable number of
iterations may be used.

[0092] FIG. 14 depicts a representative high-level process
300 for estimating the orientation of a mobile device (e.g.,
mobile device 110) with respect to a vehicle (e.g., vehicle
101). The acts comprising representative process 300 are
described in detail in the paragraphs that follow.

[0093] In some embodiments, representative process 300
optionally may begin at act 310, wherein local motion
information regarding the mobile device may be received by
the processor(s) discussed above. Before, during, or after act
310, act 315 may occur, wherein global displacement infor-
mation regarding the mobile device may be received by the
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processor(s). In some embodiments, acts 310 and/or 315
may be similar to acts 210 and 215 described above.
[0094] Representative process 300 may then proceed to
act 320, wherein based on the global displacement informa-
tion and optionally the local motion information regarding
the mobile device, the orientation of the mobile device with
respect to the vehicle may be determined by the processor(s)
in use. In some embodiments, act 320 may be similar to act
220 described above.

[0095] In some embodiments, process 300 may then end
or repeat as necessary.

[0096] FIG. 15 depicts a representative high-level process
400 for determining orientations of a mobile device (e.g.,
mobile device 110) with respect to a vehicle (e.g., vehicle
101) in different time windows, determining a quality indi-
cator for each orientation, and determining hard braking or
acceleration. The acts comprising representative process 400
are described in detail in the paragraphs that follow.
[0097] In some embodiments, representative process 400
optionally may begin at act 310A, wherein local motion
information regarding the mobile device may be received by
the processor(s) discussed above. Before, during, or after act
310A, act 315A may occur, wherein global displacement
information regarding the mobile device may be received by
the processor(s). In some embodiments, acts 310A and/or
315A may repeat as needed to receive the desired or needed
amount of information in different time windows. A more
detailed discussion of time windows follows below.

[0098] In some embodiments, information of one or more
specific time windows may be observed and/or extracted by
a sensor or other source module (e.g., an accelerometer) and
received by the processor(s) in use. Extraction of informa-
tion in one or more windows may be performed in any
suitable way. For example, in some embodiments, a subset
of the information may be discarded, such as to account for
initial setup and/or tear-down of the mobile device in or near
the vehicle. In some embodiments, any non-discarded data
may be divided into information captured during five second
windows, with a 2.5 second overlap between windows. In
this respect, the Assignee has appreciated that longer sam-
pling windows may provide greater resolution of resulting
representations of the sampled data, which may further
improve the reliability and accuracy of the determinations
herein. Of course, any suitable sampling window and/or
overlap between windows may be used. Moreover, the
sampling window and overlap between windows may be
fixed or variable. Embodiments are not limited in this
respect.

[0099] Extraction of information may also involve inter-
polating information in each sampling window on to a
regularly sampled time grid. This may be accomplished in
any suitable fashion, such as via linear interpolation. The
result may be information describing acceleration in the x,
y, and 7 directions, such as is shown in the graphs shown at
the top of each of FIGS. 16 and 17. These graphs are
described in further detail below.

[0100] FIGS. 16 and 17 each depict acceleration data (i.e.,
acceleration components in the x-, y-, and z-directions)
captured by an accelerometer of a mobile device over a
particular time interval (any of which could be a time
window in some embodiments) in portions 610A and 6108,
and speed data inferred from location information captured
by a GPS unit of the mobile device over the same time
interval in portions 620A and 620B. It can be seen in

Jul. 16, 2020

portions 620A and 620B that during certain time intervals,
the corresponding mobile device is not moving (i.e., its
speed is 0 nmV/s). Specifically, in FIG. 16, time intervals when
the corresponding mobile device is not moving are labeled
601, 602, 603, 604, 605, 606, and 607. Acceleration data
during these same time intervals are labeled 611, 612, 613,
614, 615, 616, and 617. Similarly, in FIG. 17, the time
intervals when the corresponding mobile device is not
moving are labeled 621, 622, 623, 624, 625, 626, 627, 628,
629, 630, and 631. The acceleration data during these same
time intervals are labeled 641, 642, 643, 644, 645, 646, 647,
648, 649, 650, and 651. The Assignee has appreciated that
identifying such time intervals during which the mobile
device is not moving according to both local motion infor-
mation (e.g., acceleration of a mobile device) and global
displacement information (e.g., speed of the mobile device)
may provide bases for synchronization of the two sets of
information. For example, such time intervals may suggest
the intervals correspond to the same actual time interval.

[0101] Referring again to FIG. 15, representative process
400 may then optionally proceed to act 321, wherein based
on the local motion information and the global displacement
information, each of which may be a collection of informa-
tion from different time intervals, any number of orientations
of the mobile device with respect to the vehicle may be
determined by the processor(s), such as one for each of the
different time windows in which the local motion informa-
tion and the global displacement information was received.
For example, the processor(s) may, during a time window
different from a time window of an already determined
orientation of the mobile device with respect to the vehicle,
determine an additional orientation. In some embodiments,
part of the determination(s) of act 321 may include act 316.
Alternatively, these determination(s) in act 321 may be
based on the gravity vector determined in act 316. For
example, act 316’s determination of the gravity vector may
be an integral part of determining the orientation(s) in act
321, or the orientation(s) may be determined in act 321
based on an already determined gravity vector from act 316.
In some embodiments, representative process 400 may
optionally proceed from act 310A to act 316, which may be
similar to act 216 described above.

[0102] In some embodiments, act 321 may include syn-
chronization of the global displacement information and the
local motion information, such as alignment of the respec-
tive time axes of the global displacement information and
the local motion information. This synchronization may
include detection of time intervals in each that suggest the
intervals correspond to the same actual time interval. For
example, the processor(s) may detect time intervals in each
that indicate speed and acceleration that would correspond
with each other and both result from a particular behavior of
a mobile device, such as either constant speed or negligible
speed corresponding to negligible acceleration. The proces-
sor(s) may synchronize the global displacement information
and the local motion information based entirely on these
time intervals, or the processor(s) may use these time
intervals as a starting point to then compare the time
intervals in between them to fine tune the synchronization
(which may increase the accuracy and/or the confidence
level in the synchronization). According to some embodi-
ments, successtully synchronizing local motion information
and global displacement information as described above
may produce results such as are shown in the relative



US 2020/0228923 Al

alignments of 610A with 620A and 610B with 620B in
FIGS. 16 and 17, respectively.

[0103] Representative process 400 may then optionally
proceed to act 317, wherein a determination may be made by
the processor(s) regarding whether an acceleration of the
mobile device indicates braking or accelerating that exceeds
a threshold (e.g., because “hard” braking or acceleration of
the vehicle has occurred). In some embodiments, act 317
may be similar to act 217 described above. For example, the
determination of act 317 may be based directly on the
determination of the gravity vector in act 316. Alternatively,
the determination of act 317 may be based indirectly on the
determination of the gravity vector in act 316, and based
directly on the determination of the orientation(s) in act 321.

[0104] In some embodiments, such as where the determi-
nation of act 317 is based on the determination of the
orientation(s) in act 321, the processor(s) may determine
whether an acceleration of the mobile device indicates
braking or accelerating that exceeds a threshold in each time
window. Alternatively, some but not all time windows are
considered in act 317. In other embodiments, the processor
(s) may determine whether an acceleration of the mobile
device indicates braking or accelerating that exceeds a
threshold in a single given time window at a time.

[0105] Alternatively, representative process 400 may then
optionally proceed to act 340A, wherein at least one quality
indicator indicating a degree of reliability of the determined
orientation(s) of the mobile device with respect to the
vehicle may be determined by the processor(s), such as for
each time window described above or for each determined
orientation. For example, when the quality indicator for a
given determined orientation lies below a given threshold,
that orientation determination and/or the corresponding time
window may be deemed untrustworthy and can be ignored.

[0106] Representative process 400 may then optionally
proceed to act 345, wherein the processor(s) may employ the
best orientation as the orientation to use. For example, if two
orientations have been determined in two different time
windows or even in the same time window (e.g., using
different information), the determined orientation corre-
sponding with the most positive quality indicator may be
employed as the orientation and/or for further determina-
tions. That is, in some embodiments the processor(s) may
perform a comparison between the quality indicators and
employ the determined orientation with the most positive
quality indicator. In some embodiments, employing a given
orientation for a given time window includes using the
employed orientation to calculate orientations at other time
windows. For example, if the quality indicator for a first
determined orientation at 2 seconds is better than the quality
indicator for a second determined orientation at 5 seconds,
the processor(s) may employ the first determined orientation
and re-determine the orientation at 5 seconds using the first
determined orientation and any available information indi-
cating if and how the mobile device changed its orientation
with respect to the vehicle in the intervening time.

[0107] In some embodiments, process 400 may then end
or repeat as necessary.

[0108] FIG. 18 depicts a representative high-level process
500 for determining whether the user of the device is the
driver of a vehicle (e.g., vehicle 101). The acts comprising
representative process 500 are described in detail in the
paragraphs that follow.
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[0109] In some embodiments, representative process 500
optionally may begin at act 310, wherein local motion
information regarding the mobile device may be received by
the processor(s) discussed above. Before, during, or after act
310, act 315 may occur, wherein global displacement infor-
mation regarding the mobile device may be received by the
processor(s). In some embodiments, acts 310 and/or 315
may be similar to acts 210 and 215 described above.
[0110] Representative process 500 may then proceed to act
318, wherein based on the global displacement information
and optionally the local motion information regarding the
mobile device, a path traveled by the mobile device with
respect to the vehicle (for example, transported outside the
vehicle by a user of the mobile device) may be determined
by the processor(s) in use. Some examples of paths are
shown in FIG. 12, as discussed above.

[0111] Representative process 500 may then proceed to act
365, wherein based on the determined path traveled by the
mobile device with respect to the vehicle as the mobile
device is transported by the user outside the vehicle, the
processor(s) determine whether the user of the mobile
device is the driver of the vehicle. In some embodiments, act
365 may be similar to act 265 described above.

[0112] In some embodiments, process 500 may then end
or repeat as necessary.

[0113] FIG. 19 depicts a representative high-level process
600 for determining whether a user is a driver or passenger
of a vehicle (e.g., vehicle 101). The acts comprising repre-
sentative process 600 are described in detail in the para-
graphs that follow.

[0114] In some embodiments, representative process 600
optionally may begin at act 310, wherein local motion
information regarding the mobile device may be received by
the processor(s) discussed above. Before, during, or after act
310, act 315 may occur, wherein global displacement infor-
mation regarding the mobile device may be received by the
processor(s). In some embodiments, acts 310 and/or 315
may be similar to acts 210 and/or 215 described above,
respectively.

[0115] Representative process 600 may then optionally
proceed to act 311, wherein the processor(s) determines if
and when the mobile device was handled by anyone, such as
the user of the mobile device. In some embodiments, the
processor(s) may determine whether the mobile device has
been handled within a time interval before the path and/or an
orientation of the mobile device with respect to the vehicle
is determined. The Assignee has appreciated that handling of
the mobile device can make determination of orientation
very difficult, and that determining whether a mobile device
has been handled can significantly increase the reliability
and accuracy of orientation determination, especially if it
can be determined with confidence (e.g., 70-80% confi-
dence) that the mobile device was not handled in certain
times near when an orientation is determined. For example,
if the mobile device was handled between an orientation
event and an impact, the last orientation event in the list may
not be reliably used as initial orientation at impact. FIG. 20
shows an exemplary timeline of orientation estimate events,
mobile device/phone events, and an impact/crash event, with
corresponding quality indicators for the orientation estimate
events. The Assignee has appreciated that although the
orientation estimates can be propagated through each of the
two mobile device usage events shown to obtain an estimate
of the orientation at the start of the accident, the 10 Hz
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frequency at which the gyroscope data is typically available
may provide insufficient resolution to track orientation
through period of handling and/or usage of the mobile
device. The Assignee has further appreciated that this issue
may be avoided or mitigated by reporting integrated gyro-
scope measurements at 10 Hz rather than the raw gyroscope
data at 10 Hz.

[0116] Representative process 600 may then proceed to act
360, wherein based on the global displacement information
and optionally the local motion information regarding the
mobile device, a path traveled by the mobile device with
respect to the vehicle (e.g., transported outside the vehicle
by a user of the mobile device) may be determined by the
processor(s) in use. In some embodiments, act 360 may be
similar to act 260 described above. Alternatively or addi-
tionally, the processor(s) may have access to an orientation
of the mobile device determined with respect to the vehicle
and may determine the path traveled by the mobile device
based at least in part on that determined orientation.
[0117] Representative process 600 may then proceed to act
363, wherein the processor(s) may determine whether the
path determined in act 360 indicates removal from a driver
position of the vehicle. If a yes is determined in act 360,
representative process 600 may then proceed to act 365A,
wherein the processor(s) may determine that the user of the
mobile device is the driver of the vehicle.

[0118] Alternatively, if a no is determined in act 365B,
representative process 600 may then proceed to act 365B,
wherein the processor(s) may determine that the user of the
mobile device is a passenger of the vehicle.

[0119] In some embodiments, process 600 may then end
or repeat as necessary.

[0120] FIG. 21 depicts a representative high-level process
500 for determining information regarding an impact a
vehicle (e.g., vehicle 101) has sustained. The acts compris-
ing representative process 700 are described in detail in the
paragraphs that follow.

[0121] In some embodiments, representative process 700
optionally may begin at act 310, wherein local motion
information regarding the mobile device may be received by
the processor(s) discussed above. Before, during, or after act
310, act 315 may occur, wherein global displacement infor-
mation regarding the mobile device may be received by the
processor(s). In some embodiments, acts 310 and/or 315
may be similar to acts 210 and 215 described above.
[0122] Representative process 700 may then proceed to
act 320, wherein based on the global displacement informa-
tion and optionally the local motion information regarding
the mobile device, the orientation of the mobile device with
respect to the vehicle may be determined by the processor(s)
in use. In some embodiments, act 320 may be similar to act
220 described above.

[0123] Representative process 700 may then proceed to
act 324, wherein based on the determined orientation, the
processor(s) may determine impact information, such as
information about an impact the vehicle has sustained. For
example, the processor(s) may determine the direction (ex-
amples of which are shown in FIG. 13) and/or area of
impact, as discussed above.

[0124] In some embodiments, process 700 may then end
or repeat as necessary.

[0125] FIG. 22 depicts a representative high-level process
800 for determining information regarding an impact a
vehicle (e.g., vehicle 101) has sustained and whether evasive
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maneuvers (e.g., swerving, braking, etc.) were initiated. The
acts comprising representative process 800 are described in
detail in the paragraphs that follow.

[0126] In some embodiments, representative process 800
optionally may begin at act 310, wherein local motion
information regarding the mobile device may be received by
the processor(s) discussed above. Before, during, or after act
310, act 315 may occur, wherein global displacement infor-
mation regarding the mobile device may be received by the
processor(s). In some embodiments, acts 310 and/or 315
may be similar to acts 210 and 215 described above.
[0127] Representative process 800 may then optionally
proceed to act 311, wherein the processor(s) determines if
and when the mobile device was handled by anyone, such as
the user of the mobile device. In some embodiments, the
processor(s) may determine whether the mobile device has
been handled within a time interval before an impact and/or
an orientation of the mobile device with respect to the
vehicle is determined.

[0128] Representative process 800 may then proceed to
act 320, wherein based on the global displacement informa-
tion and optionally the local motion information (and/or
based on any determination about handling of the mobile
device made in act 311) regarding the mobile device, the
orientation of the mobile device with respect to the vehicle
may be determined by the processor(s) in use. In some
embodiments, act 320 may be similar to act 220 described
above.

[0129] Representative process 800 may proceed to act
350, wherein the processor(s) may, based on the determined
orientation of the mobile device with respect to the vehicle,
determine whether a driver of the vehicle initiated one or
more evasive maneuvers. In some embodiments, the evasive
maneuvers may have been made before an impact the
vehicle sustained or in any other suitable time or situation.
For example, the driver of the vehicle may have swerved the
vehicle to avoid the impact, such as just before the impact.
The Assignee has appreciated that evidence of evasive
maneuvers may be useful for purposes of determining civil
or criminal liability, insurance investigation, and/or any
other suitable reason.

[0130] Alternatively or additionally, representative pro-
cess 800 may then proceed to act 370, wherein based on the
determined orientation, the processor(s) may determine
impact information, such as information about an impact the
vehicle has sustained. In some embodiments, act 370 may
include act 375, wherein the information being determined
comprises a direction of the impact. Alternatively or addi-
tionally, act 370 may include act 376, wherein the informa-
tion being determined comprises an area of the impact.
[0131] In some embodiments, process 800 may then end
or repeat as necessary.

1I1. Implementation Detail

[0132] Insome embodiments, other vehicle operation data
may be received in numerous forms. As one example, this
data may relate to an individual’s behavior in operating the
vehicle, such as what may be captured by the accelerometer,
gyroscope, and/or GPS unit of the mobile device. Of course,
the other data captured need not be captured by components
of the mobile device, and may be captured by any suitable
component(s), whether internal or external to the vehicle.
One representative use for such vehicle operation data is by
an insurer that underwrites a UBI policy on the vehicle.
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However, any of numerous other uses are possible. As one
example, the manager of a team of salespeople each
assigned to one of a fleet of vehicles may find data relating
to each salesperson’s operation of his/her assigned vehicle
useful for training purposes. As another example, behavioral
data relating to one or more operators, organizations, cir-
cumstances, time periods, etc., may be aggregated for analy-
sis.

[0133] It should be appreciated that although the embodi-
ments described above relate to estimating the orientation of
a mobile device with respect to a vehicle using global
displacement information and local motion information
typically captured by a mobile device (or derivations or
representations thereof), embodiments are not limited to
employing specific information that relates to acceleration,
speed, heading, or location, or to using information captured
by a mobile device, to do so. Any suitable information,
captured by any suitable device(s), may be used.

[0134] It should also be appreciated that, in some embodi-
ments, the methods described above with reference to FIGS.
11, 14, 15, 18, 19, 21, and 22 may vary, in any of numerous
ways. For example, in some embodiments, the steps of the
methods described above may be performed in a different
sequence than that which is described, a method may
involve additional steps not described above, and/or a
method may not involve all of the steps described above.
[0135] It should further be appreciated from the foregoing
description that some aspects may be implemented using a
computing device. FIG. 23 depicts a general purpose com-
puting device in system 2300, in the form of a computer 810,
which may be used to implement certain aspects. For
example, computer 810, or components thereof, may con-
stitute the mobile device 110 or server 130, or components
thereof.

[0136] In computer 810, components include, but are not
limited to, a processing unit 820, a system memory 830, and
a system bus 821 that couples various system components
including the system memory to the processing unit 820.
The system bus 821 may be any of several types of bus
structures including a memory bus or memory controller, a
peripheral bus, and a local bus using any of a variety of bus
architectures. By way of example, and not limitation, such
architectures include Industry Standard Architecture (ISA)
bus, Micro Channel Architecture (MCA) bus, Enhanced ISA
(EISA) bus, Video Electronics Standards Association
(VESA) local bus, and Peripheral Component Interconnect
(PCI) bus also known as Mezzanine bus.

[0137] Computer 810 typically includes a variety of com-
puter readable media. Computer readable media can be any
available media that can be accessed by computer 810 and
includes both volatile and nonvolatile media, removable and
non-removable media. By way of example, and not limita-
tion, computer readable media may comprise computer
storage media and communication media. Computer storage
media includes both volatile and nonvolatile, removable and
non-removable media implemented in any method or tech-
nology for storage of information such as computer readable
instructions, data structures, program modules or other data.
Computer storage media include, but are not limited to,
RAM, ROM, EEPROM, flash memory or other memory
technology, CD-ROM, digital versatile disks (DVD) or other
optical disk storage, magnetic cassettes, magnetic tape,
magnetic disk storage or other magnetic storage devices, or
any other one or more media that may be used to store the
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desired information and may be accessed by computer 810.
Communication media typically embody computer readable
instructions, data structures, program modules or other data
in a modulated data signal such as a carrier wave or other
transport mechanism and includes any information delivery
media. The term “modulated data signal” means a signal that
has one or more of its characteristics set or changed in such
a manner as to encode information in the signal. By way of
example, and not limitation, communication media include
wired media such as a wired network or direct-wired con-
nection, and wireless media such as acoustic, RF, infrared
and other wireless media. Combinations of the any of the
above should also be included within the scope of computer
readable media.

[0138] The system memory 830 includes computer stor-
age media in the form of volatile and/or nonvolatile memory
such as read only memory (ROM) 831 and random access
memory (RAM) 832. A basic input/output system 833
(BIOS), containing the basic routines that help to transfer
information between elements within computer 810, such as
during start-up, is typically stored in ROM 831. RAM 832
typically contains data and/or program modules that are
immediately accessible to and/or presently being operated
on by processing unit 820. By way of example, and not
limitation, FIG. 23 illustrates operating system 834, appli-
cation programs 835, other program modules 839 and pro-
gram data 837.

[0139] The computer 810 may also include other remov-
able/non-removable, volatile/nonvolatile computer storage
media. By way of example only, FIG. 23 illustrates a hard
disk drive 841 that reads from or writes to non-removable,
nonvolatile magnetic media, a magnetic disk drive 851 that
reads from or writes to a removable, nonvolatile magnetic
disk 852, and an optical disk drive 855 that reads from or
writes to a removable, nonvolatile optical disk 859 such as
a CD ROM or other optical media. Other removable/non-
removable, volatile/nonvolatile computer storage media that
can be used in the exemplary computing system include, but
are not limited to, magnetic tape cassettes, flash memory
cards, digital versatile disks, digital video tape, solid state
RAM, solid state ROM, and the like. The hard disk drive 841
is typically connected to the system bus 821 through an
non-removable memory interface such as interface 840, and
magnetic disk drive 851 and optical disk drive 855 are
typically connected to the system bus 821 by a removable
memory interface, such as interface 850.

[0140] The drives and their associated computer storage
media discussed above and illustrated in FIG. 23, provide
storage of computer readable instructions, data structures,
program modules and other data for the computer 810. In
FIG. 23, for example, hard disk drive 841 is illustrated as
storing operating system 844, application programs 845,
other program modules 849, and program data 847. Note
that these components can either be the same as or different
from operating system 834, application programs 835, other
program modules 539, and program data 837. Operating
system 844, application programs 845, other program mod-
ules 849, and program data 847 are given different numbers
here to illustrate that, at a minimum, they are different
copies. A user may enter commands and information into the
computer 810 through input devices such as a keyboard 892
and pointing device 891, commonly referred to as a mouse,
trackball or touch pad. Other input devices (not shown) may
include a microphone, joystick, game pad, satellite dish,
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scanner, or the like. These and other input devices are often
connected to the processing unit 820 through a user input
interface 590 that is coupled to the system bus, but may be
connected by other interface and bus structures, such as a
parallel port, game port or a universal serial bus (USB). A
monitor 891 or other type of display device is also connected
to the system bus 821 via an interface, such as a video
interface 890. In addition to the monitor, computers may
also include other peripheral output devices such as speakers
897 and printer 899, which may be connected through a
output peripheral interface 895.

[0141] The computer 810 may operate in a networked
environment using logical connections to one or more
remote computers, such as a remote computer 880. The
remote computer 880 may be a personal computer, a server,
a router, a network PC, a peer device or other common
network node, and typically includes many or all of the
elements described above relative to the computer 810,
although only a memory storage device 881 has been
illustrated in FIG. 23. The logical connections depicted in
FIG. 23 include a local area network (LAN) 871 and a wide
area network (WAN) 873, but may also include other
networks. Such networking environments are commonplace
in offices, enterprise-wide computer networks, intranets and
the Internet.

[0142] When used in a LAN networking environment, the
computer 810 is connected to the LAN 871 through a
network interface or adapter 870. When used in a WAN
networking environment, the computer 810 typically
includes a modem 872 or other means for establishing
communications over the WAN 873, such as the Internet.
The modem 872, which may be internal or external, may be
connected to the system bus 821 via the user input interface
890, or other appropriate mechanism. In a networked envi-
ronment, program modules depicted relative to the computer
810, or portions thereof, may be stored in the remote
memory storage device. By way of example, and not limi-
tation, FIG. 23 illustrates remote application programs 885
as residing on memory device 881. It will be appreciated that
the network connections shown are exemplary and other
means of establishing a communications link between the
computers may be used.

[0143] Embodiments may be embodied as a computer
readable storage medium (or multiple computer readable
media) (e.g., a computer memory, one or more floppy discs,
compact discs (CD), optical discs, digital video disks
(DVD), magnetic tapes, flash memories, circuit configura-
tions in Field Programmable Gate Arrays or other semicon-
ductor devices, or other tangible computer storage medium)
encoded with one or more programs that, when executed on
one or more computers or other processors, perform meth-
ods that implement the various embodiments discussed
above. As is apparent from the foregoing examples, a
computer readable storage medium may retain information
for a sufficient time to provide computer-executable instruc-
tions in a non-transitory form. Such a computer readable
storage medium or media can be transportable, such that the
program or programs stored thereon can be loaded onto one
or more different computers or other processors to imple-
ment various aspects of the present invention as discussed
above. As used herein, the term “computer-readable storage
medium” encompasses only a tangible machine, mechanism
or device from which a computer may read information.
Alternatively or additionally, some embodiments may be
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embodied as a computer readable medium other than a
computer-readable storage medium. Examples of computer
readable media that are not computer readable storage media
include transitory media, like propagating signals.

[0144] Having thus described several aspects of at least
one embodiment of this invention, it is to be appreciated that
various alterations, modifications, and improvements will
readily occur to those skilled in the art. Such alterations,
modifications, and improvements are intended to be part of
this disclosure, and are intended to be within the spirit and
scope. Further, though advantages of the present invention
are indicated, it should be appreciated that not every
embodiment will include every described advantage. Some
embodiments may not implement any features described as
advantageous herein. Accordingly, the foregoing description
and drawings are by way of example only.

[0145] Various aspects of the present invention may be
used alone, in combination, or in a variety of arrangements
not specifically discussed in the embodiments described in
the foregoing and is therefore not limited in its application
to the details and arrangement of components set forth in the
foregoing description or illustrated in the drawings. For
example, aspects described in one embodiment may be
combined in any manner with aspects described in other
embodiments.

[0146] Some embodiments may be embodied as a method,
of which various examples have been described. The acts
performed as part of the methods may be ordered in any
suitable way. Accordingly, embodiments may be constructed
in which acts are performed in an order different than
illustrated, which may include different (e.g., more or less)
acts than those that are described, and/or that may involve
performing some acts simultaneously, even though the acts
are shown as being performed sequentially in the embodi-
ments specifically described above.

[0147] Use of ordinal terms such as “first,” “second,”
“third,” etc., in the claims to modify a claim element does
not by itself connote any priority, precedence, or order of
one claim element over another or the temporal order in
which acts of a method are performed, but are used merely
as labels to distinguish one claim element having a certain
name from another element having a same name (but for use
of the ordinal term) to distinguish the claim elements.
[0148] Also, the phraseology and terminology used herein
is for the purpose of description and should not be regarded
as limiting. The use of “including,” “comprising,” or “hav-
ing,” “containing,” “involving,” and wvariations thereof
herein, is meant to encompass the items listed thereafter and
equivalents thereof as well as additional items.

2 <

What is claimed is:
1. (canceled)
2. A system for determining information regarding an
impact a vehicle has sustained, the system comprising:
at least one computer processor programmed to:
receive global displacement information regarding a
mobile device inside the vehicle;
based at least in part on the global displacement infor-
mation, determine an orientation of the mobile
device with respect to the vehicle; and
based on the determined orientation of the mobile
device with respect to the vehicle, determine the
information regarding the impact the vehicle has
sustained.
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3. The system of claim 2, wherein the at least one
computer processor is programmed to receive local motion
information regarding the mobile device.

4. The system of claim 3, wherein the at least one
computer processor is programmed to determine the orien-
tation of the mobile device with respect to the vehicle based
on the global displacement information and the local motion
information.

5. The system of claim 3, wherein the at least one
computer processor is programmed to determine whether the
mobile device has been handled between a time of the
determined orientation of the mobile device with respect to
the vehicle and a time of the impact.

6. The system of claim 3, wherein the at least one
computer processor is programmed to determine a gravity
vector based on the local motion information and the global
displacement information.

7. The system of claim 2, wherein the information regard-
ing the impact comprises a direction and/or an area of the
impact.

8. The system of claim 2, wherein the at least one
computer processor is programmed to determine at least one
quality indicator indicating a degree of reliability of the
determined orientation of the mobile device with respect to
the vehicle.

9. The system of claim 2, wherein the global displacement
information comprises at least one of:

at least one speed of the mobile device;

at least one heading of the mobile device; and

at least two positions determined by a global positioning

system component of the mobile device.

10. The system of claim 2, wherein the global displace-
ment information comprises at least one speed of the vehicle
determined by at least one sensor of the vehicle.

11. At least one computer-readable storage medium hav-
ing instructions recorded thereon which, when executed by
a computer, cause the computer to perform a method for
determining information regarding an impact a vehicle has
sustained, the method comprising acts of:

receiving global displacement information regarding a

mobile device inside the vehicle;

based at least in part on the global displacement infor-

mation, determining an orientation of the mobile device
with respect to the vehicle; and

based on the determined orientation of the mobile device

with respect to the vehicle, determining the information
regarding the impact the vehicle has sustained.

12. The at least one computer-readable storage medium of
claim 11, wherein the instructions define an act comprising
receiving local motion information regarding the mobile
device.
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13. The at least one computer-readable storage medium of
claim 12, wherein the instructions define an act comprising
determining the orientation of the mobile device with
respect to the vehicle based on the global displacement
information and the local motion information.

14. The at least one computer-readable storage medium of
claim 12, wherein the instructions define an act comprising
determining whether the mobile device has been handled
between a time of the determined orientation of the mobile
device with respect to the vehicle and a time of the impact.

15. The at least one computer-readable storage medium of
claim 12, wherein the instructions define an act comprising
estimating a gravity vector based on the local motion
information and the global displacement information.

16. The at least one computer-readable storage medium of
claim 11, wherein the information regarding the impact
comprises a direction and/or an area of the impact.

17. The at least one computer-readable storage medium of
claim 11, wherein the instructions define an act comprising
determining at least one quality indicator indicating a degree
of reliability of the determined orientation of the mobile
device with respect to the vehicle.

18. A method for determining information regarding an
impact a vehicle has sustained, the method comprising acts
of:

receiving global displacement information regarding a

mobile device inside the vehicle;

based at least in part on the global displacement infor-

mation, determining an orientation of the mobile device
with respect to the vehicle; and

based on the determined orientation of the mobile device

with respect to the vehicle, determining the information
regarding the impact the vehicle has sustained.

19. The method of claim 18, wherein the global displace-
ment information comprises at least one of:

at least one speed of the mobile device;

at least one heading of the mobile device; and

at least two positions determined by a global positioning

system component or at least one sensor of the mobile
device.

20. The method of claim 18, wherein the information
regarding the impact comprises a direction and/or an area of
the impact.

21. The method of claim 18, further comprising deter-
mining at least one quality indicator indicating a degree of
reliability of the determined orientation of the mobile device
with respect to the vehicle.
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