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METHODS AND SYSTEMS FOR DRIVER IDENTIFICATION

CROSS-REFERENCES TO RELATED APPLICATIONS

[ GJ j This application claims priority to U.S. Provisional Patent Application os.

61/745,93 , 61/745,934, and 61/745,935, all filed on December 26, 2012 and 61/882,383,

filed on September 25, 20 3, the disclosures of which are hereby incorporated by reference in

their entirety for all p poses

BACKGROUND OF THE INVENTION

[0002] For insurance and other purposes, driving behavior has been a topic of interest.

Some systems have been developed to track driving behaviors including speed and trip

duration. A s an example external devices have been integrated with vehicles to track driving

behavior. Some insurance companies use a device that plugs into the vehicles on-board

diagnostic port to read data from the vehicle's computer to better model risk. This hardware

solution is limited in that it mainly measures vehicle-related data.

[0003] Despite the progress made in relation to providing data related to drivers and their

vehicles, there is a need in the art for improved methods and systems related to driver

identification.

SUMMARY OF THE INVENTION

[ 04] Embodiments of the present invention relate to transportation systems. More

particularly, embodiments relate to methods and systems to determine time periods during

which a user is moving in a vehicle. In a particular embodiment, whether or not a person is

driving a vehicle is determined. Such data can be utilized in determining risk profiles and

other insurance-related computations.

[0005] According to an embodiment of the present invention, a method of determining

vehicle entry information for a user is provided. The method includes obtaining a yaw
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measurement using a mobile device, determining, using a processor, a first time span

associated with a user entering a vehicle, and determining, using the processor, a second time

span associated with a user exiting the vehicle. The method also includes determining tha a

change in magnitude over a portion of the yaw measurement is greater than a predetermined

threshold (e.g., 40°) over at least one of the first time span or the second time span, and

determining an angular change of the yaw measurement over the predetermined threshold.

The method further includes associating right hand entry with the vehicle entry information if

the angular orientation of the yaw measurement is clockwise and associating left hand entry

with the vehicle entry information if the angular orientation of the yaw measurement is

counter-clockwise.

[0006] In an embodiment, the yaw measurement is measured in a counterclockwise

direction around a z-axis aligned with an acceleration due to gravity vector. As an example,

the yaw measurement for left hand entry can include a substantially constant positive value

between the first time span and the second time span and the yaw measurement for right hand

entry can include a substantially constant negative value between the first time span and the

second time span.

[0007] n another embodiment, the yaw measurement can include an amplitude of yaw and

a direction of yaw for the mobile device as a function of time. The start time associated with

the driving event can preceded by a walking event and the end time associated with the

driving event can be followed by a walking event.

[ΘΘ08] According to a specific embodiment of the present invention, a method of aligning a

mobile device having an accelerometer, a gyroscope, and an alignment axis to a reference

frame of a vehicle is provided. The method includes placing the mobile device in the vehicle,

obtaining data from the accelerometer of the mobile device, and detecting, one or more

braking events and one or mo e forward acceleration events during a driving event. The

method also includes determining, using the accelerometer of the mobile device, a direction

of travel of the vehicle with respect to the reference frame of the vehicle, and obtain angular

measurement data from the gyroscope of the mobile device. The method further includes

7

KiLPATRICK TOWNSEND 65959324 i



aligning, using the angular measurement data, the alignment axis of the mobile device to the

reference frame of the vehicle.

[0009] in an embodiment, the one or more braking events and the one or more forward

acceleration events are characterized by at least one of a magnitude of acceleration projected

onto an x-y plane having a normal aligned with acceleration due to gravity, a standard

deviation, a mean, ktutosis, skew, a maximum value, a minimum value, wavelet coefficients,

FFT coefficients, or features calculated using unsupervised feature selection methods

including at least one of Sparse Auto-Encoders or Restricted Boltzmann Machines.

Moreover, the one or more braking events and the one or more forward acceleration events

can be characterized by a duration, a time stamp, and a magnitude of acceleration over a

predetermined thresh old.

[0010] As an example, determining the direction of travel of the vehicle can include

projecting the data from the accelerometer onto each axis of an x-y plane having a normal

aligned with acceleration due to gravity through an angle of 360 degrees in predetermined

increments, determining an angle at which acceleration along at least one of the x or y axes is

a maximum, and defining the direction of travel of the vehicle as the angle at which

acceleration along at least one of the x o y axes is a maximum. Placing the mobile device in

the vehicle can result from a user having the mobile device entering the vehicle or the user

placing an item enclosing the mobile device inside the vehicle.

[00 ] In another example, the method also includes determining that the direction of travel

of the vehicle with respect to the reference frame of the vehicle is backwards and adjusting

the angle at which acceleration along at least one of the x or y axes is a maximum by 80

degrees.

[ΘΘ12] In one embodiment of the present invention, a method for determining if a user is

backing out of a parking space or pulling into a parking space is provided. The method

includes, after driving has been detected, aligning the y-axis of the mobile device to the

vehicle on initial acceleration and starting a countdown timer. In some implementations, the

initial acceleration direction is assumed to be in the negative Y-direction, although this is not
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required by the present invention. The method also includes counting subsequent forward

acceleration and braking events and recording the signs (either positive or negative) of each

of these events.

[0013] A determination is made if a predetermined time (e.g., 60 seconds) has elapsed

since the countdown timer was started. If this predetermined time has elapsed, then paired

braking and fonvard acceleration events are counted for which no sign change after the initial

acceleration. If the number of paired events is even, then a determination is made that the

user pulled forward out of the parking space. If the number of paired events is odd, then a

determination is made that the user pulled backward out of the parking space.

[00 4 If this predetermined time has not elapsed, then paired braking and fonvard

acceleration events are counted for which a sign change occurs between braking and forward

acceleration after the initial acceleration. A determination is made if there are more than a

predetermined number (e.g., 5) of such paired events. If this number has been met, then if the

number of paired events is even, then a determination is made that the user pulled forward

out of the parking space. If the number of paired events is odd, then a determination is made

that the user pulled backward out of the parking space.

[0015] If the number has not been met, then a determination is made if a velocity over a

predetermined speed (e.g., 25 mph) has been recorded for a predetermined period (e.g., 15

seconds). If the velocity has been sufficient for the predetermined period, then if the number

of paired events is even, then a determination is made that the user pulled fonvard out of the

parking space. If the number of paired events is odd, then a . determination is made that the

user pulled backward out of the parking space.

ΘΘ16] If the velocity has not been sufficient for the predetermined time, then a waiting

period is implemented (e.g., 1 second), and the method returns to the determination if the

predetermined time has elapsed

[0017] In another example, the method can further include defining a longitudinal axis of

the vehicle as the angle at which acceleration along at least one of the x or y axes is a

maximum, transforming a y-axis of the mobile device to align with the longitudinal axis of

4
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the vehicle, and transforming an x-axis of the mobile device to align with a vector

perpendicular to the longitudinal axis of the vehicle, wherein the vector perpendicular to the

longitudinal axis of the vehicle is perpendicular to acceleration due to gravity.

[0018] According to a particular embodiment of the present invention, a method of

determining a position of a mobile device in a vehicle is provided. The method includes

obtaining accelerometer data collected using a accelerometer in the mobile device, obtaining

angular orientation data collected using a gyroscope in the mobile device, and determining a

start time of a driving event. The method also includes determining an entry side for the

mobile device prior to the driving event, detecting an acceleration event, and aligning t e

mobile device to a reference frame of the vehicle. The method further includes determining a

front/back location of the mobile device, detecting a braking event, determining an end time

of the driving event, determining an exit side for the mobile device after the driving event,

and determining the position of the mobile device during at least a portion of the driving

event.

[ΘΘ 9 ] In an embodiment, determining at least one of the entry side for the mobile device

or the exit side of for the mobile device can include measuring a yaw value for the mobile

device associated with the start time. As an example, measuring the yaw value can include

obtaining rotation data collected using the gyroscope in the mobile device, wherein the

rotation data is with respect to a vector aligned with acceleration due to gravity and detecting

a rotation in an x-y plane orthogonal to the vector aligned with acceleration due to gravity,

wherein the rotation is greater than a predetermined threshold. Additionally, measuring the

ya value can include obtaining rotation data collected using the gyroscope in the mobile

device, wherein the rotation data is with respect to a vector aligned with acceleration due to

gravity and detecting a rotation in an x-y plane orthogonal to the vector aligned with

acceleration due to gravity, wherein the rotation is characterized by a pattern associated with

user entry.

[0020] As an example, determining the entry side of the mobile device can include

providing acceleration data and yaw data, wherein a y-axis of the mobile device is aligned to

a longitudinal axis of the vehicle and an x-axis of the mobile device is aligned to a transverse

5
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axis that is perpendicular to both the longitudinal axis of the vehicle and acceleration due to

gravity, selecting a subset of the provided acceleration data and yaw data, wherein the subset

is associated with a predetermined time around a start time of a driving event, and predicting

an entry side for the mobile device using at least one of a vector-product-based method, an

integral method, or a seatbelt-based method. Determining the entry side can also include

selecting a second subset of the provided acceleration data and yaw data, wherein the second

subset is associated with a driving time of the driving event and predicting a transverse

position of the mobile device in the vehicle during the driving time using a centripetal

acceleration method. The driving time is between the start time and the end time.

|002i] As another example, predicting at least one of the entry side or the exit side can

include computing a weighted combination of predictions resulting from a plurality of at least

one of a vector-product-based method, an integral method, or a seatbelt-based method.

Additionally, determining the transverse position can include computing a weighted

combination of at least a plurality of a yaw method, a centripetal acceleration method, a

vector product method, or an integral method.

[ΘΘ22] In a specific embodiment, the integral method comprises providing acceleration data

and yaw data, wherein a y-axis of the mobile device is aligned to a longitudinal axis of the

vehicle and an x-axis of the mobile device is aligned to a transverse axis that is perpendicular

to both the longitudinal axis of the vehicle and acceleration due to gravity, selecting a subset

of the provided acceleration data and yaw data, wherein the subset is associated with a

predetermined time around start time of driving event, and determining sign of an

integral of the subset projected onto the x-axis the mobile device phone and calculated over a

predetermined time window surrounding the start time. The integral method also includes

predicting that the mobile device enters on the right side of the vehicle if the sign of the

integral of the subset is positive, predicting that the phone enters on the left side of the

vehicle if the sign of the integral of the subset is negative, and selecting a second subset of

the provided acceleration data and yaw data, wherein the second subset is associated with a

predetermined time around an end time of the driving event. The integral method further

includes selecting a second subset of the provided acceleration data and ya data, wherein

6
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the second subset s associated with a predetermined time around an end time of the driving

event, determining a sign of an integral of the second subset projected onto the x-axis the

mobile device and calculated over a predetermined time window surrounding the end time,

predicting that the mobile device en ters on the right side of the vehicle if the sign of the

integral of the subset is positive, predicting that the phone exits on the left side of the vehicle

if the sign of the integral of the second subset is positi ve, and predicting that the phone exits

on the right side of the vehicle if the sign of the integral of the second subset is negative.

ΘΘ23] In a particular embodiment, determining the front/back location of the vehicle

comprises obtaining acceleration data associated with a driving time of a driving event

characterized by an initial entry signal and a terminal exit signal and determining a

longitudinal position of the mobile device in the vehicle based on at least one of a bump

detection method, paired Y,Z. acceleration method. In another embodiment, determining the

longitudinal position of the mobile device in the vehicle comprises computing a weighted

combination of the bump detection method and the paired Y,Z acceleration method.

ΘΘ24] In another specific embodiment, the centripetal method comprises obtaining speed,

acceleration, and yaw angle data for turns between 0 degrees and 90 degrees for a duration

of between 0.4 - 5 seconds, matching sequential left turn/right turn pairs, and controlling for

speed, yaw angle, turn duration, and turn radius. The centripetal method also includes

adjusting centripetal acceleration based on the controlled speed, yaw angle, turn duration, and

turn radius, determining a relative magnitude of the adjusted centripetal acceleration for left

and right turns, and determining that the mobile device is located along the longitudinal

center line of a vehicle if the magnitude of the adjusted centripetal acceleration is the same

for left and right turns. The centripetal method further includes determining that the mobile

device is located on the right side of a vehicle if the magnitude of the adjusted centripetal

acceleration is greater for left turns and determining that the mobile device is located on the

left side of a vehicle if the magnitude of the adjusted cen tripetal acceleration is greater for

right turns.

[ 25 In another particular embodiment, the vector-product-based method comprises

providing acceleration data and yaw data, wherein a y-axis of the mobile device is aligned to

KiLPATRICK TOWNSEND 65959324 i



a longitudinal axis of the vehicl e and an x-axis of the mobile device is aligned to a transverse

axis that is perpendicular to both the longitudinal axis of the vehicle and acceleration due to

gravity, selecting a subset of the provided acceleration data and yaw data, wherein the subset

is associated with a predetermined time around a start time of a driving event, and

determining a sign of accelerations in the subset projected onto the x-axis of the mobile

device and a sign of accelerations in the subset projected onto the y-axis of the mobile device.

The vector-product-based method also includes predicting that the phone enters on the left

side of the vehicle if the sign of accelerations in the subset projected onto the x-axis and the

sign of accelerations in the subset projected onto the y-axis are the same, predicting that the

phone enters on the right side of the vehicle if the sign of accelerations in the subset projected

onto the x-axis and the sign of accelerations in the subset projected onto the y-axis are

opposite, and selecting a second subset of the provided acceleration data and yaw data,

wherein the second subset is associated with a predetermined time around an end time of the

driving event. The vector-product-based method further includes determining a sign of

accelerations in the second subset projected onto the x-axis of the mobile device and a sign of

accelerations in the second subset projected onto the y-axis of the mobile device, predicting

that the phone exits on the right side of the vehicle if the sign of accelerations in the second

subset projected onto the x-axis and the sign of accelerations in the second subset projected

onto the y-axis are the same, and predicting that the phone exits on the left side of the vehicle

if the sign of accelerations in the second subset projected onto the x-axis and the sign of

accelerations in the second subset projected onto the y-axis are opposite.

ΘΘ26] As an example, the bump detection method can include detecting bumps between

the initial entry signal and the terminal exit signal. For instance, bump detection method ca

include obtaining acceleration data aligned with the z-axis, detecting if z-axis acceleration

values are greater than a predetermined threshold, and detecting a bump. The bump detection

method can also include detecting if there are two z-acceleration values above a second

predetermined threshold within a predetermined time period, determining that a bump was hit

by the front axle and the back axle of the vehicle, and comparing a magnitude of the z-

acceleration associated with the bump being hit by the front axle and the z-acceleration

associated with the bump being hit by the back axle. The bump detection method can further
8
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include determining that the mobile device is in the front of the vehicle if the z-acceleration

associated with the bump being hit by the front axle and the z-acceleration associated with

the bump being hit by the back axle are approximately equivalent and determining that the

mobile device is in the back of the vehicle if the z acceleration z-acceleration associated with

the bump being hit by the front axle is less than the z-acceleration associated with the bump

being hit by the back axle.

[0027] As an example, the predetermined time period can be a function of vehic le speed

and wheelbase. Moreover, determining the position of the mobile device can include using a

weighted combination of a plurality of left/right determination methods. As discussed herein,

the plurality of left/right determination methods can include at least two of a centripetal

acceleration method, a vector product method, or an integral method. Moreover, the paired

Y,Z acceleration method can include placing the mobile device in the vehicle, obtaining data

from the acceierometer of the mobile device, detecting, one or more braking events and one

or more forward acceleration events during a driving event, determining, using the

acceierometer of the mobile device, a direction of travel of the vehicle with respect to the

reference frame of the vehicle, and obtaining angular measurement data from the gyroscope

of the mobile device. The paired Y,Z acceleration method can also include aligning, using

the angular measurement data, the alignment axis of the mobile device to the reference frame

of the vehicle, collecting and pairing a plurality of z accelerations for y acceleration data with

matching magnitude and opposite sign, computing the value of "a", where "a" = the sum of

all z acceleration values corresponding to positive y acceleration values, and computing the

value of "b", where "b" = the sum of all z acceleration values corresponding to negative y

acceleration values. The paired Y,Z acceleration method can further include determining th t

the mobile device is in the back of the vehicle if "a" and "b" both have negativ e signs,

determining that the mobile device is in the front of the vehicle if "a" and "b" both have

positive signs, calculating the value of "c", where c = [{a - b)/a] if "a" and "b" have opposite

signs, determining that the mobile device is in the front of the vehicle if the absolute value of

"c" is greater than or equal to 1, and determining that the mobile device is in the back of the

vehicle if the absolute value of "c" is less than 1.

9
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[ΘΘ28] According to an embodiment of the present invention, a method of determining

vehicle entry information for a user is provided. The method includes obtaining a yaw

measurement using a mobile device, determining, using a processor, a start time associated

with a driving event, and determining, using the processor, an end time associated with the

driving event. The method also includes determining that a magnitude of the yaw

measurement is greater than a predetermined threshold, determining an angular orientation of

the yaw measurement, associating right hand entry with the vehicle entry information if the

angular orientation of the yaw measurement is clockwise, and associating left hand entry with

the vehicle entry information if the angular orientation of the yaw measurement is counter-

clockwise.

[0029] In an embodiment, the predetermined threshold is 40". The yaw measurement may

include an amplitude of yaw for the mobile device as a function of time. The start time

associated with the driving event can be preceded by a walking event and the end time

associated with the driving event can be followed by a walking event. The yaw measurement

is typically made with respect to a longitudinal axis of the vehicle. In an embodiment, the

yaw measurement for left hand entry comprises a substantially constant positive value

between the start time and the end time and the yaw measurement for right hand entry

comprises a substantially constant negative value between the start time and the end time.

[0030] According to another embodiment of the present invention, a method of aligning a

mobile device having an accelerometer and an alignment axis to a reference frame of a

vehicle is provided. The method includes placing the mobile device in the vehicle, obtaining

data from the accelerometer of the mobile device, and detecting at least one of a decrease in

the data from the accelerometer greater than an amplitude threshold during a predetermined

time period or an amplitude increase in the accelerometer greater than a second amplitude

threshold during a second predetermined time period. The method also includes determining,

using the accelerometer of the mobile device, a direction of travel of the vehicle with respect

to the reference frame of the vehicle and aligning the alignment axis of the mobile device to

the reference frame of the vehicle.

10
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[ΘΘ31] In an exemplary embodiment, the amplitude threshold and the second amplitude

threshold are equal. In another exemplary embodiment, the predetermined time period and

the second predetermined time period are equal. Determining the direction of travel of the

vehicle may include rotating the data from the accelerometer around a z-axis by 360 degrees

in predetermined increments and determining a maximum value of acceleration along a y-

axis.

[0032] Additionally, aligning the alignment axis of the mobile device to the reference

frame of the vehicle may include transforming acceleration data associated with the phone to

correlate with acceleration data associated with the vehicle. The acceleration data associated

with the vehicle has a z-axis aligned with acceleration due to gravity and a maximum during

braking along a longitudinal axis. Moreover, placing the mobile device in the vehicle may

result from a user having the mobile device entering the vehicle.

[0033] According to a particular embodiment of the present invention, a method of

determining a position of a mobile device in a vehicle is provided. The method includes

obtaining accelerometer data collected using a gyroscope in the mobile device, determining a

start time of a driving event, determining an entry side for the mobile device prior to the

driving event, and detecting an acceleration event. The method also includes aligning the

mobile device to a reference frame of the vehicle, determining a front/back location of the

mobile device, detecting a braking event, and determining an end time of the driving event.

The method further includes determining an exit side for the mobile device after the driving

event and determining the position of the mobile device during at least a portion of the

driving event.

[ 34] Determining the entry side for the mobile device may include measuring a yaw

value for the mobile device associated with the start time. Determining the position of the

mobile device may include using a weighted average of a plurality of left/right determination

methods, for example, a centripetal acceleration method, a vector product method, or an

integral method.

1 1
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[0035] Numerous benefits are achieved by way of the present invention over conventional

techniques. In contrast with previous methods that are lacking in the ability to attribute the

data collected during the drive to a particular individual implementations contained within

this patent solve several problems by using the ubiquitous smartphone to tell exactly when

someone is driving a vehicle. In this way, it is possible to verify that the data being collected

is actually attributed to the correct user. For example, embodiments of the present invention

provide users with the ability to learn how to improve their driving behaviors while saving

money on car insurance. The system can provide feedback about driving behaviors only

when a user is a driver (not a passenger), which allows users to prove to insurance companies

that they are driving safely. This system also helps insurance companies because it allows

them to incentivize safe driving, lowers claim payment variance, and provides for better risk

modeling. On a larger scale, the system helps society by reducing accidents. These and other

embodiments of the invention along with many of its advantages and features are described in

more detail in conjunction with the text below and attached figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIG. 1 is a simplified system diagram illustrating a driver identification system

according to an embodiment of the present invention.

[0037] FIG. 2 is a simplified flowchart illustrating method of determining times during

which a user is driving a vehicle according to an embodiment of the present invention..

[0038] FIG. 3 is a simplified plot illustrating accelerometer magnitude and magnetic field

magnitude as a function of time for walking, driving, and walking events according to an

embodiment of the present invention.

ΘΘ39] FIG. 4 is a simplified flowchart illustrating a method of adjusting data collection

frequency according to an embodiment of the present invention.

[0040] FIG. 5 is a simplified flowchart illustrating a method of improving window

accuracy for entry detection according to an embodiment of the present invention.

12
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[ΘΘ4 ] FIG. 6 is a simplified flowchart illustrating a method of determining a location of a

user/phone in a vehicle according to an embodiment of the present invention.

[0042] FIG. 7A is a simplified flowchart illustrating a method of determining if a user

entered from the left or righ t side of a vehicle according to an embodiment of the present

invention

[0043] FIG. 7B is a simplified plot of yaw data as a function of time for a driver entering a

vehicle according to an embodiment of the present invention.

[0044] FIG. 7C is a simplified plot of yaw data as a function of time for a passenger

entering a vehicle according to an embodiment of the present invention.

[ΘΘ45] FIG. 8A is a simplified flowchart illustrating a method of determining if a user

entered f om the left or right side of a vehicle according to an alternative embodiment of the

present invention.

[0046] FIG. 8B-1 is a simplified plot of roll as a function of time for a passenger entering a

vehicle with a phone in an inside pocket according to an embodiment of the present

invention.

[0047] FIG. 8B-2 is a simplified plot of pitch as a function of time for a passenger entering

a vehicle with a phone in an inside pocket according to an embodiment of the present

invention.

[ΘΘ48] FIG. 8C-1 is a simplified plot of roll as a function of time for a passenger entering a

vehicle with a phone in an outside pocket according to an embodiment of the present

invention.

[0049] FIG. 8C-2 is a simplified plot of pitch as a function of time for a passenger entering

a vehicle with a phone in an outside pocket according to an embodiment of the present

invention.
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[ΘΘ50] FIG. 8D-1 is a simplified plot of roll as a function of time for a driver entering a

vehicle with a phone in an inside pocket according to an embodiment of the present

invention.

[0051] FIG. 8D-2 is a simplified plot of pitch as a function of time for a driver entering a

vehicle with a phone in an inside pocket according to an embodiment of the present

invention.

[ 52 FIG. 8E-1 is a simplified plot of oll as a function of time for a driver entering a

vehicle with a phone in an outside pocket according to an embodiment of the present

invention.

[ΘΘ53] FIG. 8E-2 is a simplified plot of pitch as a function of time for a driver entering a

vehicle with a phone in an outside pocket according to an embodiment of the present

invention.

[0054] FIG. 9A is a simplified flowchart illustrating a method of aligning a phone with

respect to an axis of a vehicle according to an embodiment of the present invention.

[0055] FIG. 9B is a simplified plot and expanded view of acceleration data during a driving

event according to an embodiment of the present invention.

[0056] FIG. 10 is a simplified flowchart illustrating a method of determining if a user is

backing up out of a parking space or pulling forward out of a parking space according to an

embodiment of the present invention.

[0057] FIG. is a simplified flowchart illustrating various acceleration-based methods of

determining if a user entered a vehicle on the left or right side according to an embodiment of

the present invention.

[0058] FIG. 12A is a simplified flowchart illustrating a method of determining if a user

entered a vehicle from the left or right side using acceleration components according to an

embodiment of the present invention.
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[ΘΘ59] FIG. 12B is a simplified plot illustrating acceleration components as a function of

time for an exit on a driver's side of a vehicle according to an embodiment of the present

invention.

[0060] FIG. 12C is a simplified plot illustrating acceleration components as a function of

time for an exit on a passenger's side of a vehicle according to an embodiment of the present

invention.

[ 6 FIG. 13A is a simplified flowchart illustrating a method of determining if a user

entered a vehicle from the left or right side using acceleration components according to an

alternative embodiment of the present invention.

[ΘΘ62] FIG. 13B is a simplifi ed plot illustrating the value of the double integral of the X

component as a function of time for an exit on a driver's side of a vehicle according to an

embodiment of the present invention.

[0063] FIG. 13C is a simplified plot illustrating the value of the double integral of the X

component as a function of time for an exit o a passenger's side of a vehicle according to an

embodiment of the present invention.

[0064] FIG. 14A is a simplified flowchart illustrating a method of determining which side a

user enters a vehicle according to an embodiment of the present invention.

ΘΘ65] FIG. 14B is a plot illustrating yaw in radians vs. time for a passenger putting on a

safety belt according to an embodiment of the present invention.

[0066] FIG. 14C is a plot illustrating yaw in radians vs. time for a driver putting a safety

belt according to an embodiment of the present invention.

[0067] FIG. 15 is a simplified flowchart illustrating a method of determining a location of a

phone in a vehicle according to an embodiment of the present invention.

[0068] FIG. 16 is a simplified flowchart illustrating a method of determining a longitudinal

position of the phone during a . driving event according to an embodiment of the present

invention.
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[ΘΘ 9] FIG. 17A is a simplified flowchart illustrating a method of determining if a user's

phone resides with the user by detecting door closing according to an embodiment of the

present invention.

[0070] FIG. 17B is a plot illustrating acceleration vs. time for door closing and user sitting

events according to a embodiment of the present invention.

[007 ] FIG. 18A is a simplified flowchart illustrating a method of determining a location of

a phone in a vehicle according to an embodiment of the present invention.

[0072] FIGS. 8B and 8C are plots of Z acceleration data as a function of time for two

locations in a vehicle.

[ΘΘ73] FIG. 19A is a simplified flowchart illustrating a method of determining a front vs.

back location of a phone in a vehicle according to an embodiment of the present invention.

[0074] FIG. 19B is a table containing data used in determining the front vs. back location

as illustrated in FIG. 19A.

[0075] FIG. 20 is a simplified flowchart illustrating a method of determining if a user is

located in the front or back of a vehicle according to an embodiment of the present invention.

[ 76] FIG. 2 is a . simplified flowchart illustrating a method of determining conventions

for sending data to the server for analysis according to an embodiment of the present

invention.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0077] Embodiments of the present invention relate to driver identification. More

particularly, embodiments relate to methods and systems to determine time periods during

which a user is moving in a vehicle. In a particular embodiment, whether or not a person is

driving a vehicle is determined. Such data can be utilized in determining risk profiles and

other insurance-related computations.
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[ΘΘ78] FIG. 1 is a simplified system diagram illustrating a driver identification system

according to an embodiment of the present invention. The system includes a mobile phone

101 having a number of different components. Although embodiments of the present

invention discuss the driver identification system in terms of phones, in particular smart.

phones, embodiments of the present invention are not limited to this particular mobile device

and other mobile devices are included within the scope of the present invention. As

examples, a variety of mobile devices including sensors such as accelerometers, location

determination systems such as GPS receivers, communications abilities, and the like are

included within the scope of the invention, including smart watches, fitness monitors,

Bluetooth headsets, tablets, laptop computers, movement analysis device, and the like. Thus,

although for clarity of description, references are made herein to phones, the present

invention is not limited to these particular mobile devices. One of ordinary skill in the art

would recognize many variations, modifications, and alternatives.

[0079] The mobile phone 10 includes a sensor data block 105, a data processing block

120, and a data transmission block 30. The sensor data block 05 includes all data

collection sensors as well as data collected from said sensors that are available to the phone,

this can include external devices connected via Bluetooth, USB cable, etc. The data

processing block 0 includes storage, and manipulations done to the data obtained from the

sensor data block 105, this includes, but is not limited to, subsampling, filtering, reformatting,

etc. The data transmission block includes any transmission of the data off the phone to an

external computing device that can also store and manipulate the data obtained from the

sensor data block 105.

[ΘΘ80] The driver identification system also includes a server 50 that communicates with

the mobile phone 101. The server 150 provides functionality including data collection

frequency adjustment algorithms 2 as discussed in relation to FIG. 4 below. These and

other algorithms are executed by processors (not shown) in conjunction with memory (not

shown). The server also includes driver detection algorithms 154 and data storage 156.

[ 8 FIG. 2 is a simplified flowchart illustrating a method of determining times during

which a user is driving a vehicle according to an embodiment of the present invention.

7
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Referring to FIG. 2, the method includes determining one or more classifications for the user

(210). These classifications include walking, driving, stationary, and other, as described

more fully in relation to FIG. 3.

[0082] FIG. 3 is a simplified plot illustrating accelerometer magnitude and magnetic field

magnitude as a function of time for walking, driving, and walking events according to an

embodiment of the present invention. As illustrated in FIG. 3, methods and systems

according to the present invention enable the determination if a user is in one of three states:

"walking," "other," or "driving " Thus, references to users as drivers herein is not intended to

limit the user to the state of "driver," but is intended to connote a more general classification

of the user, who may be in the driving state as a driver, but may also be in other non-driving

states such as walking and other.

[0083] Referring to FIG. 3, embodiments classify driving events using e try/'exit signals.

We classify accelerometer events into classes to transform a broad dataset into identifiable

events used to extract the relevant information using our machine learning algorithms. As

described herein, embodiments of the present invention analyze data from sensors (i.e.,

accelerometers) in smart phones or other mobile devices to determine if a user is in one of

three states: walking, other, or driving (which may be referred to herein as "user states"). In

some embodiments, the data is broken up into discrete intervals and analyzed using signal

processing techniques in order to extract features characterizing the signal. From these

features, a database of training data is built and a predictive model is provided using machine

learning techniques.

[0084] For example, the data may be broken up into intervals to balance processing time

associated with individual signals with obtaining enough information for the classification

processes. Typically, the raw acceleration data is smoothed to reduce noise, but this this is

not required by embodiments of the present invention. The magnitude of the total

acceleration is taken along three axes (i.e., a , a , and a ) to create direction free data using the

formula:

i|a|| = sqrt(a 2 + a 2÷ a/)
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[ΘΘ85] Next, feature extraction is performed to characterize each signal interval. Various

frequency filters and wavelet transforms can be used on each signal interval to clarify

different features. Various statistical analysis can also be performed on the processed signals

to extract features.

[0086] To build a model, data was collected using several smart phones, with phone sensor

data., including time-stamped acceleration data, gyroscope data, magnetic field data, and

position (e.g., GPS) data stored in a database. After breaking this data up into intervals as

mentioned above, each interval is labeled in accordance with the corresponding user state.

After processing, the model was built using this data set classifier using a supervised learning

regression based classifier. This model was then applied to a l future intervals of data that

were collected, providing for classification, which may be referred to as automatic

classification.

[0087] In determining the first driving classification for the user (2 10), a data collection

process is initiated FIG. 4 is a simplified flowchart illustrating a method of adjusting data

collection frequency according to an embodiment of the present invention. Referring to FIG.

4, the method includes beginning a process of receiving phone sensor data (410).

[ΘΘ88] The method includes determining if the phone has adequate resources (4 ). As an

example, when the phone's system resources increase, the application can check the phone's

system resources to determine if they are sufficient for the continued operation of the

application. If the phone does have adequate resources, data is sent to the server to determine

the user state (e.g., driving, walking, or other) by which the results is sent back to the phone

(416) as discussed in relation FIG. 2. In some embodiments, the driver can be in a state of

"other," which is a state other than walking or driving (e.g. sitting at office desk), other

includes any event that does not include walking, running, driving (driver or passenger) in an

auto vehicle.

[0089] One or more processor, memories, or the like in the phone can be utilized to

determine the user state. If the determination is made that the phone does not have adequate
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resources, for example, because the amount of batten' life is not sufficient, then the

determination of the state of the user is made on a server (414)

[0090] Thus, embodiments of the present invention are able to operate efficiently when

batter}' power or other resources are constrained by determining whether or not immediate

data analysis is appropriate in order for the application to function properly. The conditions

for immediate data analysis can include if the application is determining the "walking",

"driving", "other" classification, if the application is providing user feedback, or the like. If

immediate analysis is appropriate, then data analysis can be done on the phone or be sent to

the server for processing as appropriate.

[0091] FIG. is a simplified flowchart illustrating a method of determining conventions

for sending data to the server for analysis according to an embodiment of the present

invention. Referring to FIG. 2 , sensor data for the phone is collected ( 0). A

determination is made if immediate analysis is to be performed on a server (2 2). If

immediate analysis is to be performed on the server (i.e., immediate analysis is not

appropriate for performing on the mobile device based on the mobile device resources), then

the data can be sent using the cellular network or a wireless (e.g., wifi) connection when such

connections are available (2 6). If immediate analysis is not appropriate, then the data can

be sent using a cellular connection, a wireless connection, a wired connection, or the like

when such connections are available (2 4). Thus, in an implementation, the system will

store the data in local memory until there is a wifi or other suitable connection available if

immediate data analysis is not appropriate. One of ordinary skill in the art would recognize

many variations, modifications, and alternatives.

ΘΘ92] In some embodiments, when the application is turned on for the first time, the

application begins running in the background. As an example, initially, the application and

associated data collection can be run in a high power state to determine if the user is driving,

walking, or in the other classification.

[0093] The method also includes adjusting the data collection frequency based on the

driving, walking, or other classification (418). If the classification is "other," then the
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application collects data in a low frequency setting. If the classification is "walking," then the

application collects data in a medium frequency setting so it does not miss the transition f om

"walking" to "driving." If the classification is "driving," then the application collects data in

a high frequency setting so as to gain the appropriate amount of information to allow for risk

modeling. Note that if a "other" classification is identified and it is a typical driving time

(i.e., morning or evening commute) then the frequency can be increased from low to medium.

Thus, factors other the classification can be utilized in setting the data collection frequency,

including the time of day, the day of the week, the driver's previous history during a previous

period, walking time, or the like. One of ordinary skill in the art would recognize many

variations, modifications, and alternatives.

[0094] In one embodiment, the data collection frequency is adjusted based on a driving

probability determined from Hidden Markov Models (HMM). The HMM are used to learn

the driving patterns of individuals in order to determine when they are most likely to drive.

This will allo data collection to be performed at medium and high frequency during the

times when it is more likely that an individual will be driving.

[0095] It should be appreciated that the specific steps illustrated in FIG. 4 provide a

particular method of adjusting data collection frequency according to an embodiment of the

present invention. Other sequences of steps may also be performed according to alternative

embodiments. For example, alternative embodiments of the present invention may perform

the steps outlined above in a different order. Moreover, the individual steps illustrated in

FIG. 4 may include multiple sub-steps that may be performed in various sequences as

appropriate to the individual step. Furthermore, additional steps may be added or removed

depending on the particular applications. One of ordinary skill in the art would recognize

many variations, modifications, and alternatives.

[0096] Referring once again to FIG 2, the method is able to determine the beginning and

end of driving by determining the walking classifications, i.e., by classifying walking, other,

and driving states. As illustrated in FIG. 3, the transition points between walking and driving

can be determined to find the beginning and end of a drive (i.e., the driving classifications

will be flanked by walking classifications). Thus, the method provides data on entry and exit
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windows. The method also includes detecting an entry signal (212). As illustrated in FIG. 3,

the entry signal within the last walking classification before the driving state is found. n

particular, the method determines the transition point between walking and driving by finding

the last walking classification and the first driving classification before a drive. This allows

for narrowing down of the window in which the entry signal is found. Once this window is

defined, the method can determine if an individual is a driver as described in relation to FIG.

6.

ΘΘ97] As discussed above, narrowing down or increasing the accuracy with which the

entry and exit windows are defined provides benefits including ease of computation. FIG. 5

is a simplified flowchart illustrating a method of impro ving windo accuracy for entry

detection according to an embodiment of the present invention. The method includes

merging the last walking window and the first driving window in a set of data (510). After

detecting the appropriate windows for the abutting walking and driving signals at the

beginning and end of a drive as described in relation to FIG. 2 as described in relation to

elements 212 and 216, these windows are merged together to form a merged entry windo

and a merged exit window. The method also includes running a yaw algorithm to detect an

entering point (512). Using the merged windows produced in element 510, the yaw

algorithms are run to determine the exact point of entry and exit. When someone enters or

exits a vehicle, their body turns at least 45 degrees (and often up to 90 degrees).

Accordingly, the gyroscopes on the phone are used to identify this yaw angle change, which

allows the method to narrow the entry window even more precisely .

ΘΘ98] In addition to or in place of the use of the yaw algorithm, the method can include

running a magnetic field algorithm as described in relation to FIG. 20 to find entering point

(514). Thus, in addition to the yaw algorithm, a magnetic field algorithm can be used to find

more precise entry points within the merged windows produced in element 5 0 . The vehicle

acts as a Faraday cage and causes identifiable fluctuations/spikes in the magnetic field that

are discernible using sensors integrated with the phone. These fluctuations/spikes in

magnetic field happen as the user is entering the vehicle, which can then be used to identify

more precise entry points.
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[ΘΘ99] Although the discussion above in relation to FIG. 5 relates to improving the

accuracy associated with the window for the entry point, these techniques are also applicable

to improving the accuracy associated with the window for the exit point. In addition, as

applicable throughout the specification, methods discussed in relation to entry signals are also

applicable to exit signals as appropriate. It should be noted that when applying the

techniques discussed in relation to entry signals to exit signals, the acceleration values are

reversed. If both 512 and 514 do not yield an undetermined result, a normalized weighted

sum of the calculated probabilities, that the entry point happened at a particular point in time,

is computed and a final probability is outputted that is used to give a best estimate of the

exact time of entr into the vehicle. If either 5 or 514 yield an undetermined result the

prediction is made solely on the determined result. If both are undetermined then the

prediction is undetermined.

[0100] Referring once again to FIG. 2, at the completion of the driving event, the last

driving classification for the user is determined (214). In this method, an exit signal within

the first walking classification after the driving event is detected (216). Referring to FIG. 3,

the transition point between driving and walking can be found by determining the last driving

classification and the first walking classification after a driving event. This transition point

can be used to narrow down the window in which the exit signal is detected as discussed in

relation determining more precise entry points in FIG. 5 since the discussion in FIG. 5, as

well as other suitable figures throughout the specification, is applicable to both entry and exit

signal determination and precision improvements. Given the entry signal and the exit signal,

the method can determine the precise time stamps of the beginning and the ending of the

driving event (218). Once we find this window we can determine if an individual is a driver

as described in relation to FIG. 6.

O i By using the methods and systems described herein, driver classification as a

function of time is provided as an output. This driver classification as a function of time

provides information o the state of the driver, including information on when they entered

the vehicle, when driving events occurred, when they exited the vehicle, and the like. Thus,

during a period of time such as a day, the driver classification can include time stamps for
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entering and exiting the driver's vehicle or vehicles driven by other people (as a passenger),

driving time and time periods, stationary time in a vehicle, and the like. Accordingly,

embodiments of the present invention provide data on whether a user is a driver or a

passenger during the driving time.

[0102] As described in relation to FIG. 6 (e.g., 612, 6 , 620, 628, and 630), the system can

predict either a probability (a real number between 0 and 1) or an "undetermined" prediction.

After the method illustrated in FIG. 6, the outputs of an "undetermined" prediction can be

ignored and a weighted combination of the probability outputs can be considered to output

the final prediction that represents whether or not the user is in the driver's seat or not.

[0103] If the method outputs a predetermined probability that satisfies the requirements of

the application (e.g., 90% probability) the processes described in relation to FIG. 6 are

stopped and the final prediction that represents whether or not the user is in the driver's seat

or not is taken solely off the prediction that was the first prediction over the required

probability threshold.

[0104] It should be appreciated that the specific steps illustrated in FIG. 2 provide a

particular method of determining times during which a user is driving a vehicle according to

an embodiment of the present invention. Other sequences of steps may also be performed

according to alternative embodiments. For example, alternative embodiments of the present

invention may perform the steps outlined above in a different order. Moreover, the individual

steps illustrated in FIG. 2 may include multiple sub-steps that may be performed in various

sequences as appropriate to the individual step. Furthermore, additional steps may be added

or removed depending on the particular applications. One of ordinar skill in the art would

recognize many variations, modifications, and alternatives .

[0105] FIG. 6 is a simplified flowchart illustrating a method of determining a location of a

user/phone in a vehicle according to an embodiment of the present invention. The method

illustrated in FIG. 6 provides a direct method of determining where a user and/or a user's

phone is located in a vehicle and if the user is driving the vehicle during a driving event. The

method includes extracting data from the window around the entry signal time stamp (610).
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(See t e discussion related to FIG. 5). It should fo noted that the methods described in

relation to FIG. 6 utilize information related to the entry of the user into the vehicle as

described herein. When an individual enters and exits a vehicle, their body turns at least

some minimum angle threshold (e.g., 40 degrees) about the z-axis (the z axis, is aligned with

gravity, and the yaw is defined as the angular distance in a counter-clockwise direction

around the z-axis). After merging the windows form the last walking and first driving

classification (see 510), we can look in this merged window for the exact time when a user

turns about the z axis at least some minimum threshold angle. This allows us to narrow down

the window to the exact point of entry.

[Θ106] in order to determine if the user entered the vehicle from the left or right, several

algorithms can be used in conjunction with each other or separately. As an example, after

identifying a precise time window of when the user has entered the vehicle as described in

relation to FIG. 5 above, the user is identified as being on the left or the right side of the

vehicle. This is determined using one, multiple, or all of the methods described below.

Θ 7] As illustrated in FIG. 6, the method runs a left vs. right enter yaw algorithm to

determine if the driver entered from the left or the right side of the vehicle (612). Additional

description related to the use of the yaw algorithm to determine driver entry side is provided

in relation to FIG. 7 below. As driving begins, the method detects an initial (e.g., the first)

acceleration event (614) Although a first acceleration event is detected in some

embodiments, other implementations will utilize an acceleration event early in the driving

event, although not the first acceleration event. Additional description related to the

detection of the initial acceleration event, which can be either an acceleration or a braking

event is provided in relation to FIG. 9B.

[Θ1Θ8] Given the detection of the initial acceleration event, the method also includes

aligning the phone to the vehicle's (e.g., a car's) reference frame (616). Additional

description related to the detection of the initial acceleration event is pro vided in relation to

FIG. 9A.
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[Θ109] Given the alignment of t e phone to the reference frame of the vehicle, the method

can utilize an acceleration -based algorithm to determine if the driver entered on the left or

right side of the vehicle (618). Additional description related to the acceleration-based left

vs. r ght algorithm is provided in relation to FIG. below.

[01 0] The method further includes determining if the user is in the front or back of the

vehicle (620). One of multiple methods is utilized to determine if the user is in the front or

bac of the vehicle, including one or more of the methods described in relation to FIGS. 6

and .

[Θ111] Referring once again to FIG. 6, the method includes determining the user's exit from

the vehicle. This includes detecting a terminal acceleration (i.e., a braking event) near or at

the end of the driving event (622). In some implementations, the last braking event in the

driving event is determined. Referring to FIG. 3, as the driving event ends, a window can be

created around the user's exit from the vehicle, with the window based on or including the

end of the driving classification and the first walking classification after the driving event.

The last braking event will be in this window.

[0112] After driving of the vehicle, the alignmen t between the phone and the vehicle's

reference frame can change. Accordingly the phone is aligned to the vehicle's reference

frame after the last braking event is detected (624) and data is extracted from the window

around the exit signal timestamp (626). Additional description related to the alignment of the

phone to the vehicle's reference frame is provided in relation to FIG. 9A below. Additional

description related to the definition of the exit window is provided in relation to FIGS 2 and

5 below.

[Θ 3] In order to determine which side of the vehicle a user exited or was located during

the driving event, one or more left vs. right exit algorithms can be utilized (630), including a

yaw-based algorithm as described in relation to FIG. 7 or acceleration-based algorithms as

described in relation to FIG. . In some embodiments, a weighted average of the left vs.

right algorithms is computed, which is then used to determine the left vs. right and front vs.

back location of the user/phone in the vehicle (632).
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[Θ114] It should be appreciated that the specific steps illustrated in FIG. 6 provide a

particular method of determining a location of a driver in a vehicle according to an

embodiment of the present invention. Other sequences of steps may also be performed

according to alternative embodiments. For example, alternative embodiments of the present

invention may perform the steps outlined above in a different order. Moreover, the individual

steps illustrated in FIG. 6 may include multiple sub-steps that may be performed in various

sequences as appropriate to the individual step. Furthermore, additional steps may be added

or removed depending on the particular applications. One of ordinary skill in the art would

recognize many variations, modifications, and alternatives.

[0115] FIG. 7A is simplified flowchart illustrating a method of determining if a user

entered from the left or right side of a vehicle according to an embodiment of the presen t

invention. The method illustrated in FIG. 7A utilizes yaw detection as described below. In

particular, the yaw angle of the phone is used as a unique identifier to determine if the user

entered the car on the left or right side of the car. Using a reference frame in which the z-axis

of the phone is oriented directly opposite of the acceleration due to the earth's gravity, the

angle of rotation around the z-axis is analyzed as yaw. First determining the enter window,

which represents the time span of the physical event of a user entering a car, the data over the

entry window is partitioned into possibly overlapping sub-windows. The length of the sub-

windows starts at a relatively large size (e.g., 1 second in length) whereby the yaw data

contained within each window is analyzed to detect a yaw value that is greater than a

predetermined threshold over a predetermined time. The algorithms used to detect this ya

value may include Dynamic Time Warping, to detect signal patterns that are invariant of time

and speed, peak detection algorithms (e.g. wavelet, FFT, calculus optimization), and simple

statistical thresholds.

[0116] Once this yaw value, corresponding to the user entering the car is detected, the

change in yaw over this period is analyzed. If the user enters the car from the passenger's

side, there is a unique counter clockwise rotation in this yaw axis due to the nature of the

movement involved in entering the car. There w ll be a similar motion on the driver's side of

the car on entry (and exit), but with a reversed sign to that of the passenger's side. A user
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typically turns at least 45 degrees when entering the car, so if a yaw angle change of

approximately this magnitude is detected in the precise window identified in the relation to

the method discussed in FIG. 5, then it is possible to tell on which side of the vehicle a user

entered.

[0 7] FIG. 7B is a simplified plot of yaw data as a function of time for a driver entering a

vehicle according to an embodiment of the present invention. FIG. 7C is a simplified plot of

yaw data as a function of time for a passenger entering a vehicle according to an embodiment

of the present invention. As illustrated in FIG. 7B, after the transition from the walking

event, the yaw angle increases during entry, stabilizes during driving, and decreases on exit.

In contrast, as illustrated in FIG. 7C, for a passenger, the yaw angle decreases during entry,

stabilizes during driving, and increases on exit. Therefore, by measuring the yaw angle in a

reference frame oriented opposite to that of gravity and detecting the unique down-up-down

pattern for the driver and the unique up-down-up pattern for the passenger, it is possible to

determine if the user entered the vehicle from the left or right side of the vehicle.

[0118] It should be appreciated that the specific steps illustrated in FIG 7A provide a

particular method of determining if a user entered from the left or right side of a vehicle

according to an embodiment of the present invention. Other sequences of steps may a so be

performed according to alternative embodiments. For example, alternative embodiments of

the present invention may perform the steps outlined above in a different order. Moreover,

the individual steps illustrated in FIG. 7A may include multiple sub-steps that may be

performed in various sequences as appropriate to the individual step. Furthermore, additional

steps may be added or removed depending on the particular applications. One of ordinary

skill in the art would recognize many variations, modifications, and alternatives.

[Θ119] The phone is equipped with a three-axis accelerometer. Each axis of the phone's

accelerometer measures a component of the total acceleration that is projected onto each axis.

We define the phone's z-axis to be in a direction tha is aligned to the vector defined by the

acceleration due to gravity. We define the x-y plane to be the plane perpendicular to the z-

axis. The x-axis is defined arbitrarily along the x-y plane, when the phone application is first

started, and maintains this direction until the application is terminated. The y-axis is defined

28

KILPATRICKTOWNSEND 65959324 i



so that it's both perpendicular to the z-axis and the x-axis, so that the vector cross product of

the unit vectors that describe the axes, cross(x,y), is equal to the z . For example, in the left

vs. right methods, when the x-axis is aligned to the transverse direction of the car and the y-

axis is aligned to the longitudinal direction of the car, by taking the integral of the

acceleration along the x-axis, over the time the user entered the car, it can be determined

whether the user entered from the left or right side of the car.

[0120] The phone is also equipped with a three-axis gyroscope that measures the angular

rotation the phone undergoes around the x-axis, y-axis, and z-axis. We call the roll the

angular rotation around the x-axis, the pitch the angular rotation around the y-axis, and yaw

the angular rotation about the z-axis. A positive increase of rotation is defined in the counter

clockwise rotation about the x-axis, y-axis, or z-axis. For example, in the yaw-based methods

discussed herein, data from the gyroscope is used in some embodiments to detect the rotation

typical of a user entering and exiting a car.

[ 12 ] The longitudinal direction of the ca is defined as the direction defined by the vector

travelling through the back of the car and the front of the car (i.e. through the front and back

windows). The transverse direction of the car is defined by the vector pointing through the

left and right of the car (i.e. through the passenger and driver windows ). The z-axis of the car

is the direction along the vector defined by the acceleration due to gravity.

[Θ122] FIG. 8A is a simplified flowchart illustrating a method of determining if a user

entered from the left or right side of a vehicle according to an alternative embodiment of the

present invention. The method includes determining if a phone is in a user's pocket (8 0)

Collecting labeled data from two classes: data corresponding to events whereby the phone is

located on the person, and events whereby the phone is not located on the person, extracting

meaningful parameters from this data that distinguishes the two classes and are consistent

among data that is the same class (e.g. statistical metrics, wavelet parameters, FFT

coefficients) a classifier (e.g. support vector machine, neural network, random forest) can be

developed to predict if in future events the phone is located on a person or not. With further

analysis and with the use of mo e specifically label training data the same procedure can be

used to make a prediction which of the following locations the phone is located at a particular
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t me: trouser pocket, upper pocket, band, bag. Another method to determine if the phone is in

the pocket is to directly ran 8 2-8 6 and if the result is not undetermined, then it is known

that the phone is in an upper pocket. In some cases, the method may be undetermined ( ).

[0123] Data is extracted from the window around the enter signal time stamp (812). This

data is analyzed to by running an enter pocket detection algorithm (8 ), providing data when

the phone is in the user's pants pocket. The enter pocket detection algorithm looks for

signature behavior —when people enter a car they predictably lift their inner leg, get into the

car, and then bring in their outer leg. Thus, embodiments utilize an algorithm that detects

two signatures: one signature is seen in the roll data taken by the gyroscope as discussed in

relation to FIGS. 8B-1 -8E-1. From this data it is possible to determine whether the phone is

in the user's inner pocket or their outer pocket. The second signature shows up in the

gyroscope's pitch data as illustrated in FIG. 8B-2 - 8E-2. In particular, when the phone is in

the left pocket, the pitch signal transitions from a low state to a high state. When the phone is

in the right pocket, the pitch signal transitions trom a high to low state. This information can

be coupled with the roll signal to enable a unique determination of which door and in which

pants pocket the phone was located when the user entered the vehicle.

[0124] FIG. 8B-1 is a simplified plot of roil as a function of time for a passenger entering a

vehicle with a phone in an inside pocket according to an embodiment of the present

invention. As illustrated in FIG. 8B-1, if the phone is in the passenger's inside pocket, the

roll value increases during entry, with a blip in the roll value near the center of the entry

process, which occurs f om about 0.5 seconds to about 2.0 seconds in this example. The blip

at about 1.1 seconds is characteristic of the passenger having the phone in their inside pocket

as they enter the vehicle.

[0125] FIG. 8B-2 is a simplified plot of pitch as a function of time for a passenger entering

a vehicle with a phone in an inside pocket according to an embodiment of the present

invention. The pitch of the phone goes from a relatively low value to high value, due to the

nature of how a user rocks their weight while entering the car from the right side, which their

phone in the inner pocket
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[0126] FIG. 8C-1 is a simplified plot of roll as a function of time for a passenger entering a

vehicle with a phone in an outside pocket according to an embodiment of the present

invention. As illustrated in FIG. 8C-1, if the phone is in the passenger's outside pocket, there

is a continuous increase in the roll value as the passenger enters the vehicle. This roll value

increase occurs because of the nature user's put their phone in their pockets (e.g. with the

long side of the phone along the length of the pocket). This continuous increase in roll value

is associated with the passenger having the phone in their outside pocket as the passenger

enters the vehicle.

[Θ127] FIG. 8C-2 is a simplified plot of pitch as a function of time for a passenger entering

a vehicle with a phone in an outside pocket according to an embodiment of the present

invention. The pitch of the phone goes from a relatively high value to a relatively low value,

due to the nature of how a user rocks their weight while entering the car from the right side,

which their phone in the outer pocket.

[0128] FIG. 8D-1 is a simplified plot of rol as a function of time for a driver entering a

vehicle with a phone in an inside pocket according to an embodiment of the present

invention. As illustrated in FIG. 8D-1, if the phone is in the driver's inside pocket, the rol

value increases during entry, with a blip in the roll value near the center of the entry process,

which occurs from about 0.5 seconds to about 2.0 seconds in this example. The blip at about

1. seconds is characteristic of the driver having the phone in their inside pocket as they enter

the vehicle.

[0129] FIG. 8D-2 is a simplified plot of pitch as a function of time for a driver entering a

vehicle with a phone in an inside pocket according to an embodiment of the present

invention. The pitch of the phone goes from a relatively high value to relatively low value,

due to the nature of how a user rocks their weight while entering the car from t e left side,

which their phone in the inner pocket.

0130] FIG. 8E-1 is a simplified plot of roll as a function of time for a driver entering a

vehicle with a phone in an outside pocket according to an embodimen t of the present

invention. As illustrated in FIG. 8E-1, if the phone is in the driver's outside pocket, there is a
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continuous increase in the roll value as the passenger enters the vehicle. This continuous

increase in roll value is associated with the driver having the phone in their outside pocket as

the passenger enters the vehicle.

[0131] FIG. 8E-2 is a simplified plot of pitch as a function of time for a driver entering a

vehicle with a phone i an outside pocket according to an embodiment of the present

invention. The pitch of the phone goes from a relatively low value to high value, due to the

nature of how a user rocks their weight while entering the car from the left side, which their

phone in the outer pocket.

[Θ132] It should be appreciated that the specific steps illustrated in FIG. 8A provide a

particular method of determining if a user entered from the left or right side of a vehicle

according to an embodiment of the present invention. Other sequences of steps may also be

performed according to alternative embodiments. For example, alternative embodiments of

the present invention may perform the steps outlined above in a different order. Moreover,

the individual steps illustrated in FIG 8A may include multiple sub-steps that may be

performed in various sequences as appropriate to the individual step. Furthermore, additional

steps may be added or removed depending on the particular applications. One of ordinary

skill in the art would recognize many variations, modifications, and alternatives.

[0133] FIG. A is a simplified flowchart illustrating a method of aligning a phone with

respect to an axis of a vehicle according to an embodiment of the present invention. The

alignment of the phone with respect to the vehicle is useful in performing a number of the

methods described herein, including the methods illustrated in relation to FIGS. 8A-8E, 10-

3C, and 5- 6. The method includes categorizing an acceleration or a braking event after

detection in 910. After a brake or an acceleration event is detected, due to the magnitude

profile and direction of said brake or acceleration, we can use the accelerometer information

that we obtain from 3 orthogonal axis of the phone's accelerometer to derive the direction in

which the car is traveling. Once this information is obtained using vector transformations we

can align the 3-axes of the phone to the 3 axes of the car.

32

KiLPATRICK TOWNSEND 65959324 i



[Θ 34] FIG. 9B is a simplified plot and expanded view of acceleration data during a driving

event according to an embodiment of the present invention. Referring to FIG. 9B, the

accelerometer data, corresponding the accelerations applied to the phone, and the ya data,

corresponding to the car's rotations around the z-axis (e.g. turns), is collected during the

driving event from the three-axis accelerometer and the gyroscope in a phone, illustrating in

this example, of 2 braking events, represented by the data contained within the gray columns.

That is, the data contained within the gray columns corresponds to the acceleration data in the

x-y plane and the yaw corresponding to two braking events, and the data contained within the

white background corresponds to acceleration data in the x-y plane and yaw corresponding to

events tha are not brakes. The magnitude of the X and Y components of the acceleration

(sqrt(x 2 + y 2)) includes two peaks aligned with the gray columns of the graph and the yaw

is generally decreasing as a function of time. In order to determine that an event was either a

braking event (note: the same analysis is applied to acceleration events separately, the process

of detecting acceleration events mimics the process to detect braking events), as opposed an

event that is not braking. We first partition the trips data into possibly overlapping windows

of accelerometer data. The windows are defined by their start and end times and are

composed of acceleration data due to the car projected onto the x-axis and the y-axis of the

phone. Over each window we extract meaningful parameters, defined by a real number, that

tend to be similar among brakes, and different between brakes and non-brakes (e.g. turns,

bumps, etc.). Such parameters can include the accelerometer data's mean, standard

deviation, skewness, kurtosis, energy ratio, wavelet coefficients, FFT coefficients, features

obtained from unsupervised feature learning algorithms such as Sparse Auto-Encoders,

Restricted Boltzmann Machines, etc. Once these parameters are determined over each

window, the parameters of each window are saved into a matrix of real numbers. Simple

scaling procedures are applied to the numbers so that they are on a range on the order of - I to

1. Next, the parameters are used in a classification machine learning algorithm (e.g. support

vector machine, neural network, random forest, k-means clustering, etc.) to classify whether

or not the data contained within each window represents a brake or not. Each window is

assigned a classification, which is a prediction whether or not the data within each window is

a brake or not. The data contained within the gray windows of FIG. 9B a e segments of the
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accelerometer data that were classified as a braking event, whereas the accelerometer data

contained within windows that are not gray corresponds to windows that were not classified

as braking events. This allows us to not only detect the events over the data we trained our

machine learning algorithm, but we can use the machine learning algorithm to classify future

events.

[ 135 The method also includes using the acceleration and/or braking events to determine

the vehicle's direction of travel (912) relative to the direction of the phone. After identifying

a braking or an acceleration even t, the three axes of the acceleration data are rotated around

the z-axis by 360 degrees in predetermined steps (e.g., 1 degree steps) to find the maximum

value of acceleration projected onto the y-axis of the phone as a function of degrees. The

maximum value of the acceleration projected onto the y-axis of the phone can also be found

using analytical methods. The angle around the z-axis by which the maximum y-value is

obtained corresponds to the angle by which the phone needs to be rotated around the z-axis to

be aligned to the car ' s reference frame. The orientation of the vehicle is then aligned with the

reference frame of the vehicle. Given this rotation, rotation matrices are created, which are

then used to align the phone's axes with respect to the vehicle's axes ( 4). Note that proper

alignment utilizes the methods described in FIG. 10.

[0136] It should be appreciated that the specific steps illustrated in FIG. 9A provide a

particular method of aligning a phone with respect to an axis of a vehicle according to an

embodiment of the present invention. Other sequences of steps may also be performed

according to alternative embodiments. For example, alternative embodiments of the present

invention may perform the steps outlined above in a different order. Moreover, the individual

steps illustrated in FIG. 9A may include multiple sub-steps that may be performed in various

sequences as appropriate to the individual step. Furthermore, additional steps may be added

or removed depending on the particular applications. One of ordinary skill in the art would

recognize many variations, modifications, and alternatives.

[0137] FIG. 10 is a simplified flowchart illustrating a method of determining if a user is

backing up out of a parking space or pulling forward out of a parking space according to an

embodiment of the present invention. Although this figure relates to determining if a user is
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pulling backwards out of a parking space or pulling forward out of parking space, a similar

method is applicable to determining if a user is pulling fonvard into a parking space or

backing into a parking space. One of ordinary skill in the art would recognize many

variations, modifications, and alternatives.

[0138] The method includes, after driving has begun, aligning the y-axis to the vehicle on

the initial acceleration and starting a countdown timer. Initial acceleration is used since the

user will initially accelerate (as opposed to brake) regardless of the vehicle orientation.

Using the alignment techniques discussed in relation to FIG. A, it is possible to determine

the y-axis of the vehicle's motion. In some embodiments, since it is possible to arbitrarily set

the direction of the y-axis, the initial vehicle acceleration is assumed to be in the negative y-

axis direction.

[0139] If it is assumed that a vehicle is driving in the forward orientation, if the vehicle

brakes and then accelerates, the sign of the acceleration along the y-axis (i.e., Y acceleration)

will change from the brake to the acceleration. f it is assumed that a vehicle is driving in the

backward orientation (backing up), if the vehicle brakes and then accelerates, the sign of the

Y acceleration will not change from the brake to the acceleration. This distinction is used to

differentiate between backing up or pulling forwards out of a parking space in the cases

where a vehicle either (a) backs up, then pulls forward (b) pulls forward, stops, then pulls

forward again or (c) pulls fonvard and continues driving. Note that this method also applies

to parking. Since the phone may change orientation with respect to the vehicle during a

drive, the phone axis must be reoriented when the vehicle stops. Similar steps a e applied to

parking as discussed for pulling out of a parking spot but they are essentially executed in the

opposite order. One of ordinary skill in the art would recognize many variations,

modifications, and alternatives.

[0140] In the scenarios when a . user might make an arbitrary number of brake and

acceleration events when backing up and/or pulling forward, an additional method is

employed. In this method, the brake and acceleration events over a period of time (e.g., one

minute) are analyzed. At the end of the time period (e.g., at the end of the minute), the

number of brake and acceleration events for which the sign of the Y acceleration changed
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from the brake to the acceleration are determined. It will be noted th at eventually the user

will be driving in the forward direction, regardless of the number of times they change

direction to get out of a parking spot. In an embodiment, once a predetermined number of

acceleration changes in a row (e.g., five) have been observed for which the sign of the Y

acceleration changes fo the brake to the acceleration, then the conclusion can be made that

the vehicle is moving in the forward direction. Then, it is possible to count back to the first

acceleration even t to determine if the car pulled out of the parking spot in a forward or

backwards orientation.

[0141] Referring to FIG. 10, the method includes, after the driving event is detected,

aligning the y-axis of the mobile device to the reference frame of the vehicle upon or after the

initial acceleration and starting a countdown timer (1010). In some embodiments, the

assumption is made that the initial acceleration is in the negative Y direction. The method

also includes counting (e.g., all) subsequent forward acceleration and braking events and

recording the sign (either positive or negative) of each event (1012). f a predetermined time

(e.g., 60 seconds) has elapsed since the timer was started ( 0 3), then the number of paired

brake/acceleration events with no sign change are counted after the initial acceleration

(1030). If the number of paired events is even, then the user has pulled forward out of the

parking spot (10.34). If the number of paired events is odd, then the user has pulled backward

out of the parking spot (1032). Thus, an even number of direction changes indicates an initial

"pull forward" event and an odd number of direction changes indicates an initial "back out"

event.

[Θ142] If, the predetermined period of time has not elapsed since the timer was started, then

the number of paired brake/acceleration events with a sign change after the initial

acceleration are counted (10 6) If the number of paired events is greater than or equal to a

predetermined number of acceleration changes in a row (e.g., greater than or equal to five)

(1018), then the method proceeds to element 1030. If the number of paired events is less than

the predetermined number, then a determination is made of whether or not the vehicle has

been traveling at a speed of greater than a threshold speed (e.g., 25 miles pe hour) for at least

a predetermined time ( 5 seconds). If the car has been traveling at the threshold speed for the
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predetermined time, then the method proceeds to element 030 If the car has not been

traveling at the threshold speed for the predetermined time, then a defined delay (e.g., one

second) is taken (1020) and the method returns to element 1014.

[0143] It should be appreciated that the specific steps illustrated in FIG. 0 provide a

particular method of determining if a user is backing up or pulling out of a parking space

according to an embodiment of the present invention. Other sequences of steps may also be

performed according to alternative embodiments. For example, alternative embodiments of

the present invention may perform the steps outlined above in a different order. Moreover,

the individual steps illustrated in FIG. 10 may include multiple sub-steps that may be

performed in various sequences as appropriate to the individual step. Furthermore, additional

steps may be added or removed depending on the particular applications. One of ordinary

skill in the art would recognize many variations, modifications, and alternatives.

[0144] Table 1 illustrates the acceleration values projected onto the y-axis of the phone for

braking and acceleration for several scenarios. In the first scenario, there are five paired

events for which the signs of the acceleration due to braking projected on the y-axis of the

phone, and acceleration due to accelerations projected on the y-axis of the phone are

different, which indicates that the vehicle is driving in the forward direction. The previous

pair indicates that a direction change occurred. The initial acceleration was in the negative

direction, indicating that the vehicle was backed out and then driven in the forward direction.

In the second scenario, there are five paired events for which the signs of the acceleration due

to braking projected on the y -axis of the phone, and acceleration due to accelerations

projected on the y-axis of the phone are different, which indicates that the vehicle is driving

in the forward direction. The two previous pairs indicates that direction changes occurred for

both pairs. The initial acceleration w¾s in the negative direction, indicating that the vehicle

was driven out in the forward direction, then stopped, backed up, and then drove away in the

forward direction.
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Y sign Y sign Interpretation of
Scenario Result

brake accel

+
- 5 in a row with sign

+ changes means driving

1 - + in forward direction Back out, then drive
forward

- +
+ + Direction chanse

- Initial acceleration
+ -

+ - 5 in a row with sign
+ changes means driving Pull out fonvard,

- in forward direction then stop and back
2

+ up, then drive
- - Direction change forward

+ + Direction change

- Initial acceleration
Table 1: Examples of pulling out of a parking spot forward or backward

[0145] Although particular values for the predetermined time (e.g., 60 seconds), the

number of paired brake/acceleration events that were analyzed (e.g. , five pairs), the threshold

speed (e.g., 25 miles per hour) and the predetermined time that this speed is maintained (15

seconds), and the defined delay (e.g., one second) are utilized in relation to FIG. 0 , these

particular values are not required by the present invention and other values can be used as

appropriate to the particular application.

[0146] In summary, there are three scenarios in which the method in FIG. 10 is utilized to

determine the vehicle's orientation. I) If we observe 5 consecutive sign changes, we assume

that the user must be driving in the forward direction (we assume these sign changes are from

standard braking events followed by acceleration events). 2) If 60 seconds passes we assume

that a user has begun driving in the forward direction and is no longer backing up or changing

directions. From the 60-second mark we then count back to the initial acceleration. An even

number of direction changes indicates an initial "pull fonvard" event and an odd number of
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direction changes indicates an initial "back out" event. 3) If a GPS speed is registered above

25 miles per hour for at least 5 seconds or if 5 GPS points are registered for a vehicle on a

typical roadway, we assume the user is driving in the forward direction. If any of these

scenarios play out we then count back to the initial acceleration. An even number of direction

changes indicates an initial "pull forward" event and an odd number of direction changes

indicates an initial "back out" event.

[0147] FIG. is a simplified flowchart illustrating various acceleration-based methods of

determining if a user entered a vehicle on the left or right side according to an embodiment of

the present invention. For reference, the method illustrated in FIG. is applicable to

element 6 8 of FIG. 6. The method utilizes entry and exit methods of determining if a user is

on the left or right hand side of a vehicle and methods of determining if a user is on the left or

right hand side of a vehicle while driving. The method includes providing aligned phone data

( 11 0). Data is extracted from the time window around the enter signal time stamp ( 12)

and from the driving event (1114) as the beginning of two branches of implementing entry

and exit methods. The vector product method ( 6) is described in Figures 2A-C. The

integral method ( 1 8) is described in Figures 13A-C. The seat belt method ( 22) is

described in Figure 14A. If the phone is detected as being in the upper pocket as described in

Figure 14A, then this will be weighted such that other methods are not used or reduced in

significance for making the left/right prediction . If the phone is not detected in the upper

pocket, then the remaining entry/exit methods (integral method and vector product method)

will be coupled with the "during drive" method (centripetal acceleration algorithm). Each

method will be given a weight based on the accuracy of the data ( 128) and a left/right

determination will be made ( 130).

[0148] It should be appreciated that the specific steps illustrated in FIG provide a

particular method of using various methods of determining from which side a user entered a

vehicle according to an embodiment of the present invention. Other sequences of steps may

also be performed according to alternative embodiments. For example, alternative

embodiments of the present invention may perform the steps outlined above in a different

order. Moreover, the individual steps illustrated in FIG. ί 1 may include multiple sub-steps
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that may fo performed in various sequences as appropriate to the individual step.

Furthermore, additional steps may be added o removed depending on the particular

applications. One of ordinary skill in the art would recognize many variations, modifications,

and alternatives.

[0149] FIG. 12A is a simplified flowchart illustrating a method of determining if a user

entered a vehicle from the left o right side using acceleration components according to an

embodiment of the present invention. As described below, this method provides an

additional technique for determining from which side the driver entered the vehicle by

analyzing the unique characteristics of the phone's accelerometer along two axes. As

described herein the six faces of the phone define three orthogonal coordinates. When these

coordinates are aligned to the vehicle's reference frame, there exist a combination of unique

signals that distinguish passenger entry from driver entry. When a person enters the vehicle

from the passenger's side the accelerations along the z-axis (i.e., the Z component, which is

aligned with z-axis) and the x-axis (i.e., the X component, which is aligned with x-axis) will

have opposite signs: The z-axis acceleration will be positive and the x-axis acceleration will

be negative. On the other hand, if a person enters a vehicle from the driver's side, the

accelerations along the x-axis and the z-axis will have the same sign: Both accelerations will

be positive. Similarly, when a person exits the vehicle on the passenger's side, the z-axis

acceleration wil be negative and the x-axis acceleration will be positive. Finally, when a

person exits the vehicle on the driver's side, there will be both a negative x-axis and z-axis

acceleration.

Θ150] Referring to FIG. 12A, aligned data from the phone is provided (1210). Aligned

data from the window around the enter signal time stamp ( 1 2) and aligned data from the

window around the exit signal time stamp (1214) are obtained and used. In order to identify

the appropriate windows to analyze, the entry and exit windows identified in relation to FIG.

5 are utilized. In the entry portion of the method, the entry signal is detected (1216). A

determination is made of whether the X and Z components have the same sign (1220). If the

components have the same sign, then the method makes a "Left" prediction (1222). If the

components have opposite signs, then the method makes a "Right" prediction (1224). In the
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exit portion of the method, the exit signal is detected (1218). A determination is made of

whether the X and Z components have the same sign (1230). If the components have the

same sign, then the method makes a "Right" prediction (1232). If the components have

opposite signs, then the method makes a "Left" prediction (1234). Once the left and right

predictions a e made, a weighted combination or average can be computed (1240) in order to

make an updated "Right" or "Left" prediction (1242).

[015 ] FIG. 12B is a simplified plot of the vector product method illustrating acceleration

components as a function of time for an exit on a driver's side of a vehicle according to an

embodiment of the present invention. FIG. 12C is a simplified plot illustrating the

acceleration components projected onto the x-axis and the z-axis of the phone (which are

themselves aligned to the vehicle's longitudinal and transversal directions) as a function of

time for an exit on a passenger's side of a vehicle according to an embodiment of the present

invention. Referring to FIGS. 12B and 12C, the acceleration projected onto the x-axis and the

z-axis, called the X component of the acceleration and the Z component of the acceleration,

are shown as a function of time for both a driver and a passenger exiting a vehicle. Once the

exit window is determined, and the X component is aligned to the vehicle's transverse

reference frame, an anomaly detection algorithm is implemented to detect the acceleration

spikes associated with the user exiting the car. The anomaly detection algorithm may include

calculating substantial deviation for the norm in statistical measures (e.g. mean, standard

deviation), FFT peak detection, unsupervised anomaly detection machine learning algorithms

(e.g. k-nearest neighbor, local outlier factor), or supervised anomaly detection machine

learning algorithms (one class Support vector machines, replicator neural networks). The

circled area designates the actual event of exiting the car. As shown in FIG. 2B, as the

driver exits the vehicle, the X component is a negative acceleration while the Z component is

a positive acceleration. As shown in FIG. C, as the passenger exits the vehicle, both the X

component and the Z component have acceleration values that have the same sign (i.e., both

positive or negative) which can be defined by the area of the signal between the full width

half max values or another other similar metric. This same sign value results since when the

phone is aligned to the frame of reference of the vehicle, the acceleration values align based
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on this convention. Note that this method applies to both entry and exit. During entry, the

values of the x and z accelerations a e opposite of those shown in FIGS. 12B and 12C.

[0152] it should be appreciated that the specific steps illustrated in FIG. A provide a

particular method of determining if a user entered a vehicle from the left or right side using

acceleration components according to an embodiment of the present invention. Other

sequences of steps may also be performed according to alternative embodiments. For

example, alternati ve embodiments of the present invention may perform the steps outlined

above in a different order. Moreover, the individual steps illustrated in FIG. 12A may

include multiple sub-steps that may be performed in various sequences as appropriate to the

individual step. Furthermore, additional steps may be added or removed depending on the

particular applications. One of ordinary skill in the art would recognize many variations,

modifications, and alternatives.

[0153] FIG. 13A is a simplified flowchart illustrating a method of determining if a user

entered a vehicle from the left o right side using acceleration components according to an

alternative embodiment of the present invention. As described below, this method provides

an additional technique for determining from which side the driver entered the vehicle by

analyzing distinct changes in magnitude and direction of X acceleration.

[0154] In particular, this method utilizes unique accelerations perpendicular to the vehicle

to determine from which side a user exits the vehicle. As described in relation to FIG. 3A,

an analysis is performed including a computation of the double integral of the accelerations

along the x-axis of the vehicle (with the negative x-axis extending out the driver's side and

the positive x-axis extending out the passenger's side), with alignment between the phone and

the vehicle as described in relation to FIG. 9A. It should be noted that calculating the double

integral is non-trivial, resulting in the use of Kalman filters, high-pass filters, and

complementary filters to compensate for gyroscopic drift and accelerometer noise. The

double integral is then computed along the perpendicular axis to identify the direction

traveled when exiting the vehicle.
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[Θ 55] If the double integral of acceleration is negative, then it can be determined that the

user exited to the left, i.e., f om the left side of the vehicle. For the four possible scenarios:

(i) positive double integral of x-axis acceleration passenger's side exit; (ii) positive double

integral of x-axis acceleration driver's side entry; (iii) negative double integral of x-axis

acceleration driver's side exit; (iv) negative double integral of x-axis acceleration =

passenger's side entry. Note that in (i) and (ii) the double integral is the same and that in (iii)

and (iv) the double integral is the same. We differentiate between these scenarios by first

determining if we are in an entry or exit situation using the process in FIG. 2 and FIG. 2A.

Therefore, if we observe entry (a walking classification followed by driving classifications)

and a positive double integral of x-axis acceleration, we know we have driver's side entry.

This process applies to the other situations so that we can differentiate between all scenarios.

The unique scenarios are: (v) exit and positive double integral of x-axis acceleration detected

= passenger's side exit; (vi) entry and positive double integral of x-axis acceleration detected

= driver's side entry; (vii) exit and negative double integral of x-axis acceleration detected =

driver's side exit; (viii) entry and negative double integral of x-axis acceleration detected =

passenger's side entry.

[0156] Referring to FIG. OA, the method includes providing aligned phone data (1310).

Aligned data from the window around the enter signal time stamp (1 1 ) and aligned data

from the window around the exit signal time stamp (13 4) are used. In order to identify the

appropriate windows to analyze, the entry and exit windows identified in relation to FIG. 5

are utilized. In the entry portion of the method, the entry signal is detected ( 3 6). A

determination is made of whether the double integral of the acceleration along the x-axis, i.e.,

the X component, is positive (1320). If the double integral is negative, then the method

makes a "Left" prediction (1322). f the double integral is positi ve, then the method makes a

"Right" prediction (1324). In the exit portion of the method, the exit signal is detected

(1318). A determination is made of whether the double integral is positive (1330). If the

double integral is negative, then the method makes a "Right" prediction (1332). If the double

integral is positive, then the method makes a "Left" prediction (1334). Once the left and right

predictions are made, a weighted combination or average can be computed (1340) in order to

make an updated "Right" or "Left" prediction (1342).
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[Θ 57] FIG. 13B is a simplified plot illustrating the value of the double integral of the X

component as a function of time for an exit on a driver's side of a . vehicle according to an

embodiment of the present invention. FIG. 13C is a simplified plot illustrating the value of

the double integral of the X component as a function of time for an exit on a passenger's side

of a vehicle according to an embodiment of the present invention. As shown in FIG. 13B, as

the driver exits the vehicle, the double integral of the X component is positive. As shown in

FIG. 13C, as the passenger exits the vehicle, the double integral is negative.

[0158] It should be appreciated that the specific steps illustrated in FIG 13A provide a

particular method of determining if a user entered a vehicle from the left or right side using

acceleration components according to an alternative embodiment of the present invention.

Other sequences of steps may also be performed according to alternative embodiments. For

example, alternative embodiments of the present invention may perform the steps outlined

above in a different order. Moreover, the individual steps illustrated in FIG. 13A may

include multiple sub-steps that may be performed in various sequences as appropriate to the

individual step. Furthermore, additional steps may be added or removed depending on the

particular applications. One of ordinary skill in the art would recognize many variations,

modifications, and alternatives.

[Θ159] FIG. 14A is a simplified flowchart illustrating a method of determining which side a

user enters a vehicle according to an embodiment of the present inven tion. The method

illustrated in FIG. A, which may be referred to as a seat belt algorithm, is used when the

phone is in the user's upper pocket or jacket pocket. This method utilizes unique movements

that occur when a user enters the vehicle and then buckles their seatbelt. For the driver, there

is a leftward rotation when reaching for the seatbelt followed by a rightward rotation when

the seatbelt is buckled. For the passenger these rotations a e reversed, creating a unique

distinction between the driver and passenger. As described in relation to FIG. 14A, these

unique movements are detected by taking gyroscope, accelerometer, and compass data, and

transforming to an absolute reference frame using the calculated rotation matrix to detect

these rotations. Note that this method applies to both entry and exit. FIG 14A shows entry.
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For exit, the opposite predictions would be made (i.e. if yaw is positive make "right"

prediction upon exit)

[0160] The method includes determining if the phone is in the user's upper pocket (1410).

If not, then this method is not used (14 12) If the phone is in the user's upper pocket, then

aligned data from the window around the enter signal time stamp (1414) is used. In order to

identify the appropriate windows to analyze, the entry window identified in relation to FIGS.

2 and 5 is utilized. The entry signal is detected (1416) and a window following the entry

signal is obtained (14 18) In this window, a determination is made if the yaw is positive

(1420). If the yaw is negative, then the method makes a "Left" prediction (1422). If the yaw

is positive, then the system makes "Right" prediction (1424). We then use this reoriented

data from the gyroscope and analyze the first derivative of the ya axis data, the variance of

the yaw, and the variance of the three axes of the accelerometer data to distinguish this

signature from the rest of the non-signature data collected. We then feed this data into our

SVM algorithm for detection and training to increase the accuracy of distinguishing signature

cases from non-signature cases. The SVM is trained on the variance of the yaw, the variance

of the 3 dimensional accelerometer data, and the first and second derivatives of the yaw

signal

[0161] FIG. 14B is a plot illustrating yaw in radians vs. time for a passenger putting on a

safety belt according to an embodiment of the present invention. When a user enters the right

side of the vehicle (i.e. the passenger's side), sits in the passenger's seat, and reaches to

buckle their seat belt, they must reach to the right in a clockwise rotation relative to the z-axis

to grab the seat belt, next they undergo another rotation, this time counter clockwise relative

to the z-axis to buckle the seat belt into the seatbelt buckle. This movement is distinct to

user's sitting on the right side of the car. The methods works when the yaw angular rotation

can be detected. This occurs when the phone is in the person's upper pocket, and jacket

pocket, or is influenced by the torso movement caused by the seatbelt buckling movement.

[0162] FIG. 14C is a p ot illustrating yaw in radians vs. time for a driver putting a safety

belt according to an embodiment of the present invention. When a user enters the left side of

the vehicle (i.e. the driver's side), sits in the driver's seat, and reaches to buckle their seat
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belt, they must reach to the left in a counter-clockwise rotation relative to the z-axis to grab

the seat belt, next they undergo another rotation, this time clockwise relative to the z-axis to

buckle the seat belt into the seaibelt buckle. This movement is distinct to user's sitting on the

left side of the car. The methods works when the yaw angular rotation can be detected. This

occurs when the phone is in the person's upper pocket, and jacket pocket, or is influenced by

the torso movement caused by the seatbelt buckling movement.

[0163] It should be appreciated tha the specific steps illustrated in FIG. 14A provide a

particular method of determining which side a user enters a vehicle according to an

embodiment of the present invention. Other sequences of steps may also be performed

according to alternative embodiments. For example, alternative embodiments of the present

invention may perform the steps outlined above in a different order. Moreover, the individual

steps illustrated in FIG. 14A may include multiple sub-steps that may be performed in

various sequences as appropriate to the individual step. Furthermore, additional steps may be

added or removed depending on the particular applications. One of ordinary skill in the art

would recognize many variations, modifications, and alternatives.

[0164] FIG. 15 is a simplified flowchart illustrating a method of determining a location of a

phone in a vehicle according to an embodiment of the present invention. The method

illustrated in FIG. 15 enables the determination of whether the phone is on the eft or right

side of the vehicle during a driving event using centripetal acceleration detection. Using the

methods described in relation to FIG. 9A, the phone is aligned with the reference frame of the

vehicle. Then it is possible to analyze accelerations on the left and right side of the car.

Referring to FIG. 5 , the entry window is detected (1510). The method includes recording

vehicle dynamics, including speed, acceleration, and yaw angle for a series of turns between

a predetermined angular range for a predetermined duration (1 2). As an example, the

speed, acceleration, and yaw angle could be measured for turns between 10 degrees and 90

degrees within a time range of 0 4 - 5 seconds. When controlling for speed and turn angle, it

is possible to examine left and right turns and compare the x-axis and y-axis accelerations to

determine if the phone is located on the left or right side of the vehicle.
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[Θ165] For example, if the phone were exactly in the center of the car (measured from the

left to the right), measurements would produce the same X and Y components in both left and

right turns when controlling for speed and angle of turn. f the phone were on the driver's

side, then the measurements would show greater accelerations for a right turn than would be

measured for a left turn. Thus, this method enables the determination of the side of the

vehicle on which the phone is located.

[0166] Referring once again to FIG. , sequential left turn/right turn pairs are matched

( 5 4). The method controls for the speed, yaw angle, turn duration, and turn radius in order

to adjust the accelerations accordingly ( 5 6). If the centripetal acceleration is the same for

left and right turns (1518), then the phone is located along the longitudinal center line of the

vehicle ( 1520). If the acceleration is greater for left turns ( 1 22), then the phone is located on

the right side of the vehicle (1524). If the acceleration is greater for right turns, then the

phone is located on the left side of the vehicle (1526).

[0167] It should be appreciated that the specific steps illustrated in FIG. 5 provide a

particular method of determining a location of a phone in a vehicle according to an

embodiment of the present invention. Other sequences of steps may also be performed

according to alternative embodiments. For example, alternative embodiments of the present

invention may perform the steps outlined above in a different order. Moreover, the individual

steps illustrated in FIG 15 may include multiple sub-steps that may be performed in various

sequences as appropriate to the individual step. Furthermore, additional steps may be added

or removed depending on the particular applications. One of ordinary skill in the art would

recognize many variations, modifications, and alternatives.

[ 68] FIG. 16 is a simplified flowchart illustrating a method of determining a longitudinal

position of the phone during a driving event according to an embodiment of the present

invention. The method includes aligning the phone with respect to the reference frame of the

vehicle using the method discussed in relation to FIG 9A. The method utilizes the fact that

the nature of the z-axis acceleration is different in the front and back of a vehicle, particularly

if one can distinguish forward vehicle acceleration events from braking acceleration events as

discussed in relation to braking events in FIGS. 9A and 9B. The differences measured in the
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Z. component are due to the location of the phone relative to the axle depending o whether

the phone is in the front or back of the vehicle. For example, under braking, there will

typically be a positive Z acceleration in the back of the vehicle, whereas there will be a

negative Z acceleration in the front of the vehicle. Under forward accelerations, there is also

often a z acceleration of higher magnitude in the front of the vehicle. These acceleration

differences make it possible to determine if a user is in the front or back of a vehicle.

[0169] It should be appreciated that the specific steps illustrated in FIG. 16 provide a

particular method of determining a longitudinal position of the phone during a driving event

according to an embodiment of the present invention. Other sequences of steps may also be

performed according to alternative embodiments. For example, alternative embodiments of

the present invention may perform the steps outlined above in a different order. Moreover,

the individual steps illustrated in FIG. 6 may include multiple sub-steps that may be

performed in various sequences as appropriate to the individual step. Furthermore, additional

steps may be added or removed depending on the particular applications. One of ordinary

skill in the art would recognize many variations, modifications, and alternatives.

[Θ170] As illustrated in FIG. 16, the method enables making a front vs. back determination

using acceleration data according to an embodiment of the present invention. Using the ideas

contained within FIG. 5, we have two time stamps that define the start and end of a driving

sequence. We truncate the data from the phone to contain data recorded only between these

timestamps. We then use the truncated data to concurrently or simultaneously run the Bump

Detection FIG 8B and FIG. 18C and the Y,Z Acceleration Method FIG 9A and FIG 19B.

If both 620 and 1622 do not yield an undetermined result, a normalized weighted sum of the

calculated probabilities, that the entry point happened at a particular point in time, is

computed and a . final probability is outputted that is used to determine if the phone is located

in the front or the back of the vehicle. If either 1620 or 1622 yield an undetermined result the

prediction is made solely on the determined result. If both are undetermined then the

prediction is undetermined.

[017 ] It should be appreciated that the specific steps illustrated in FIG. 16 provide a

particular method of making a front vs. back determination according to an embodiment of
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the present invention. Other sequences of steps ay also be performed according to

alternative embodiments. Fo example, alternative embodiments of the present invention

may perform the steps outlined above in a different order. Moreover, the individual steps

illustrated in FIG. 6 may include multiple sub-steps that may be performed in various

sequences as appropriate to the individual step. Furthermore, additional steps may be added

or removed depending on the particular applications. One of ordinary skill in the art would

recognize many variations, modifications, and alternatives.

[0172] FIG. 17A is a simplified flowchart illustrating a method of determining if a user's

phone resides with the user by detecting door closing according to an embodiment of the

present invention. The method includes determining through which door the user entered the

vehicle ( 7 0) using the methods discussed in relation to FIG. 5. The method also includes

observing a door closing spike as illustrated in FIG. 7B and discussed below (1712). A

determination is made if a second door closing spike is observed with a predetermined time

window (e.g. within 60 seconds) (1714). If the second door closing spike is observed, then

the conclusion is drawn that the phone is not on the user's person (1716). If, no second door

closing spike is observed within the predetermined time period, then the conclusion is drawn

that the phone is not on the user's person ( 7 8).

[0173] FIG. Γ7Β is a plot illustrating acceleration vs. time for door closing and user sitting

down and sitting up events according to an embodiment of the present invention. As

illustrated, the acceleration spikes are identifiable by a user's phone when closing a door and

when sitting down. These spikes allow for the identification of the location of a user's phone

in the vehicle. For example, looking only at the door closing spikes we can determine if a

user is actually carrying their phone when entering a vehicle. If a user were to open the back

passenger door and place their bag (containing the phone) on the seat, we would observe an

acceleration spike like the one shown in Figure 17A when they closed the door [note that the

acceleration observed is sqrt(x 2+y 2+z 2)]. Then, if they entered the front driver's seat, we

would see a user sitting down spike followed by a door-closing spike. These observations

would tell us that the user placed the phone in a different location than where they are sitting.

We would then use various probabilities to determine the location of the user. For example,
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there is a h gh probability that a user would not place their bag in the front seat, only to then

sit in the back seat. They would also never place the bag on the driver's seat, only to get in

somewhere else. Also, once we determine that the phone is not on the user ' s person we can

then r n the centripetal and front/back algorithms to determine where the phone is in the

vehicle

[0174] It should be appreciated that the specific steps illustrated in FIG. 17A provide a

particular method of determining if a user's phone resides with the user by detecting door

closing according to an embodiment of the present invention. Other sequences of steps may

also be performed according to alternative embodiments. For example, alternative

embodiments of the present invention may perform the steps outlined above in a different

order. Moreover, the individual steps illustrated in FIG. 17A may include multiple sub-steps

that may be performed in various sequences as appropriate to the individual step.

Furthermore, additional steps may be added or removed depending on the particular

applications. One of ordinary skill in the art would recognize many variations, modifications,

and alternatives.

[Θ175] FIG. 18A is a simplified flowchart illustrating a method of determining a location of

a phone in a vehicle according to an embodiment of the present invention. The method

provides techniques for determining if the phone is in the front or back of the vehicle using

bump detection. As will be evident to one of skill in the art, the accelerometer in the phone is

capable of detecting bumps in the road. These bumps register differently in the front and

back of the vehicle because of the relative position of the seat with respect to the axle. The z-

axis direction of the phone is known without orienting the phone because of gravity. This

enables the method to measure the bump as a Z acceleration and thereby determine if the

phone is in the front or back of the vehicle.

[0176] Referring to FIG. 18A, the method includes determining if a bump is detected with

the bumps being associated with a Z acceleration component greater than a given threshold

8 0). In some embodiments, a series of bumps may be detected. When a series of bumps

is detected, the first bump is associated with the front axle (1813) and the second bump is

associated with the rear axle (1814). FIGS. 18B and 18C are plots of Z acceleration data as a
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function of time for two locations in a vehicle and illustrate differences in the Z acceleration

component depending on the location of the phone. If not bump is detected, then the method

can produce an undetermined result (1812).

[0177] FIGS. I8B and 18C are plots of Z acceleration data as a function of time for two

locations in a vehicle. Referring to FIG. 8B, if the phone is in the front of the vehicle, there

are two sets of Z acceleration spikes, each registering close to 0.5 g. Referring to FIG. 18C,

if the phone is in the back of vehicle), there are two sets of Z acceleration spikes as well, but

in this case, the first set of Z acceleration spikes is about 0.5 g and the second set of Z

acceleration spikes is over g. Therefore, measurement of these sets of Z acceleration

components enables the method to differentiate between cases when the phone is in the front

or the back of the vehicle.

[0178] Referring once again to FIG. 8A, the magnitude of the front and back axle bumps

is compared (1816). If the two sets of Z acceleration spikes are approximately equal in

magnitude, then the method makes a "Front" prediction ( 8 8). If the first set of Z

acceleration spikes, which are associated with the front axle bump, are less in magnitude than

the second set of Z acceleration spikes, which are associated with the rear axle bump, then the

method makes a "Back" prediction (1822). Optionally, if the magnitude of the set of Z

acceleration spikes associated with the front axle (the first set) is greater than the magnitude

of the set of Z acceleration spikes associated with the rear axle (the second set), then the

prediction is undefined (1820). One of ordinary skill in the art would recognize many

variations, modifications, and alternatives.

[0179] It should be appreciated that the specific steps illustrated in FIG. A provide a

particular method of determining a location of a phone in a vehicle according to an

embodiment of the present invention. Other sequences of steps may also be performed

according to alternative embodiments. For example, alternative embodiments of the present

invention may perform the steps outlined above in a different order. Moreover, the individual

steps illustrated in FIG. 18A may include multiple sub-steps that may be performed in

various sequences as appropriate to the individual step. Furthermore, additional steps may be
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added or removed depending on the particular applications. One of ordinary skill in the art

would recognize many variations, modifications, and alternatives.

[0180] FIG. 19A is a simplified flowchart illustrating a method of determining a front vs.

back location of a phone in a vehicle according to an embodiment of the present invention.

The method illustrated in FIG. 19A can be used to determine if a phone is in the front or back

of a vehicle. After getting aligned driving data (1910), we pai all z accelerations

corresponding to their matching y accelerations values of the same magnitude but opposite

sign (1912). For example, at time T l we might observe the following acceleration values: (Y

= 1, Z = .07). At time T37 we might observe the following acceleration values: (Y = -1, Z. =

.03). Since the Y values are the same magnitude but opposite sign, we would pair the

corresponding Z values of .07 and 03. Then we compute the values of "a" and "b" from

figure 19B where "a" = the sum of all z acceleration values corresponding to positive y

acceleration values and "b" = the sum of all z acceleration values corresponding to negative y

acceleration values (1 4). If the values of both "a" and "b" are positive then we can

determine that the phone is in the front of the vehicle (1926). If they are both negative

(1922), the phone is in the back of the vehicle (1924). If the signs of "a" and "b" are

opposite, then we calculate c [(a - b)/a] as illustrated in 1918. If the absolute value of this

result is greater than or equal to 1, the phone is in the front of the vehicle (1926). Otherwise,

it is in the back of the vehicle (1924).

[018 ] FIG. 19B is a table containing data used in determining the front vs. back location

as illustrated in FIG. 19A. As illustrated in FIG. 19B, five different driving sequences are

shown with a phone in the back and a phone in the front of a vehicle. The values correspond

to the phone accelerations described above and prove the validity of the method.

[0182] It should be appreciated that the specific steps illustrated in FIG. 1 A provide a

particular method of determining a front vs. back location of a phone in a vehicle according

to an embodiment of the present invention. Other sequences of steps may also be performed

according to alternative embodiments. For example, alternative embodiments of the present

invention may perform the steps outlined above in a different order. Moreover, the individual

steps illustrated in FIG. 9A may include multiple sub-steps tha may be performed in
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various sequences as appropriate to the individual step. Furthermore, additional steps may be

added or removed depending on the particular applications. One of ordinary skill in the art

would recognize many variations, modifications, and alternatives.

[0183] FIG. 20 is a simplified flowchart illustrating a method of determining if a user is

located in the front or back of a vehicle according to an embodiment of the present invention.

Referring to FIG. 20, the method uses magnetic fields in making the front/back

determination. As discussed in relation to FIG. 5, the two time stamps that define the start

and end of a driving sequence are determined (2010). Each of the time stamps are associated

with either an entry signal or an exit signal, respectively, Starting at the start time stamp and

continuing up to the end time stamp, the method parses the data on a small window

incrementing point by point (2012). Over the window, the method uses pattern matching

techniques to detect a signature spike in the magnetic field due to the car starting (2014). If

this spike is detected, then we know the phone is in the front seat at the time stamp that

corresponds the time-stamp the car start magnetic field spike happens (2018). If the car start

spike is not detected, then the method is not used to determine the front/back determination

(2016).

[0184] Thus, this method is used to determine if a phone is in the front or back of the

vehicle using magnetic field measurements. It should be noted that the values of magnetic

field in the front and the back of the vehicle are different, and that each vehicle will register

different values. However, when the car is started the magnetic field spike is detectable in the

front of the vehicle and used by the method. This allows us to not only determine if a phone

is in the front of the vehicle when the vehicle is started, but it allows us to identify average

magnetic field values in the front and back of the vehicle for different vehicles. For example,

once we see that a phone is in the front of the vehicle from the "car starting" spike, we can

then collect data about the average magnetic field values in the front and the back of the

vehicle in question and can compare these values to those in future trips.

[0185] It should be appreciated that the specific steps illustrated in FIG. 20 provide a

particular method of determining if the phone is located in the front seat during the time the

car is started according to an embodiment of the present invention. Other sequences of steps
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may also be performed according to alternative embodiments. For example, alternative

embodiments of the present invention may perform the steps outlined above in a different

order. Moreover, the individual steps illustrated in FIG. 20 may include multiple sub-steps

that may be performed in various sequences as appropriate to the individual step.

Furthermore, additional steps may be added or removed depending on the particular

applications. One of ordinary skill in the art would recognize many variations, modifications,

and a ernat ves.

[0186] The examples and embodiments described herein are for illustrative purposes only.

Various modifications or changes in light thereof will be apparent to persons skilled in the

art. These are to be included within the spirit and purview of this application, and the scope

of the appended claims, which follow.
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WHAT IS CLAIMED IS:

L A method of determining vehicle entry information for a user, the

method comprising:

obtaining a yaw measurement using a mobile device;

determining, using a processor, a first time span associated with a user

entering a vehicle;

determining, using the processor, a second time span associated with a user

exiting the vehicle;

determining tha a change in magnitude over a portion of the yaw

measurement is greater than a predetermined threshold over at least one of the first time span

or the second time span;

determining an angular change of the yaw measurement over the

predetermined threshold:

associating right hand entry with the vehicl e entry information if the angular

orientation of the yaw measurement is clockwise; and

associating left hand entry with the vehicle entry information if the angular

orientation of the ya measurement is counter-clockwise.

2. The method of claim 1 wherein the yaw measurement is measured in a

counterclockwise direction around a z-axis aligned with an acceleration due to gravity vector.

3. The method of claim 1 wherein the predetermined threshold is 40°.

4 The method of claim 1 wherein the yaw measurement for left hand

entry comprises a substantially constant positive value between the first time span and the

second time span.

5. The method of claim 1 wherein the yaw measurement for right hand

entry comprises a substantially constant negative value between the first time span and the

second time span.

6. A method of aligning a mobile device having an accelerometer, a

gyroscope, and an alignment axis to reference frame of vehicle, the method comprising:

placing the mobile device in the vehicle;

obtaining data from the accelerometer of the mobile device;
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detecting, one or more braking events and one or more forward acceleration

events during a driving event;

determining, using the accelerometer of the mobile device, a direction of

travel of the vehicle with respect to the reference frame of the vehicle;

obtain angular measurement data from the gyroscope of the mobile device;

and

aligning, using the angular measurement data, the alignment axis of the mobile

device to the reference frame of the vehicle.

7. The method of claim 6 wherein the one or more braking events and the

one or more forward acceleration events are characterized by at least one of a magnitude of

acceleration projected onto an x-y plane having a normal aligned with acceleration due to

gravity, a . standard deviation, a mean, kurtosis, skew, a maximum value, a minimum value,

wavelet coefficients, FFT coefficients, or features calculated using unsupervised feature

selection methods including at least one of Sparse Auto-Encoders or Restricted Boltzmann

Machines.

8. The method of claim 6 wherein the one or more braking events and the

one or more forward acceleration events are characterized by a duration, a time stamp, and a

magnitude of acceleration over a predetermined threshold.

9 The method of claim 6 wherein determining the direction of travel of

the vehicle comprises:

projecting the data from the accelerometer onto each axis of an x-y plane

having a normal aligned with acceleration due to gravity through an angle of 360 degrees in

predetermined increments;

determining an angle at which acceleration along at least one of the x or y axes

is a maximum; and

defining the direction of travel of the vehicle as the angle at which

acceleration along at least one of the x or y axes is a maximum.

0 . The method of claim 6 wherein placing the mobile device in the

vehicle results from a user having the mobile device entering the vehicle or the user placing

an item enclosing the mobile device inside the vehicle.
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11. A method of determining a position of mobile device in a vehicle, the

method comprising:

obtaining accelerometer data collected using a accelerometer in the mobile

device;

obtaining angular orientation data collected using a gyroscope in the mobile

device;

determining a start time of a driving event;

determining an entry side for the mobile device prior to the driving event;

detecting an acceleration event;

aligning the mobile device to a reference frame of the vehicle;

determining a front/back location of the mobile device;

detecting a braking event;

determining an end time of the driving event;

determining an exit side for the mobile device after the driving event; and

determining the position of the mobile device during at least a portion of the

driving event.

12. The method of claim wherein determining at least one of the entry

side for the mobile device or the exit side of for the mobile device comprises measuring a

yaw value for the mobile device associated with the start time

13. The method of claim 12 wherein measuring the yaw value comprises:

obtaining rotation data collected using the gyroscope in the mobile device,

wherein the rotation data is with respect to a vector aligned with acceleration due to gravity;

and

detecting a rotation in an x-y plane orthogonal to the vector aligned with

acceleration due to gravity, wherein the rotation is greater than a predetermined threshold.

14. The method of claim 12 wherein measuring the yaw value comprises:

obtaining rotation data collected using the gyroscope in the mobile device,

wherein the rotation data is with respect to a vector aligned with acceleration due to gravity;

and

detecting a rotation in an x-y plane orthogonal to the vector aligned with

acceleration due to gravity, wherein the rotation is characterized by a pattern associated with

user entry.
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15. The method of claim wherein determining the entry side of the

mobile device comprises:

providing acceleration data and yaw data, wherein a y-axis of the mobile

device is aligned to a longitudinal axis of the vehicl e and an x-axis of the mobile device is

aligned to a transverse axis that is perpendicular to both the longitudinal axis of the vehicle

and acceleration due to gravity;

selecting a subset of the provided acceleration data and yaw data, wherein the

subset is associated with a predetermined time around a start time of a driving event;

predicting an entr side for the mobile device using at least one of a vector-

product-based method, an integral method, or a seatbelt-based method;

selecting a second subset of the provided acceleration data and yaw data ,

wherein the second subset is associated with a driving time of the driving event; and

predicting a transverse position of the mobile device in the vehicle during the

driving time using a centripetal acceleration method.

16. The method of claim 5 wherein predicting at least one of the entry

side or the exit side comprises computing a weighted combination of predictions resulting

from a plurality of at least one of a vector-product-based method, an integral method, or a

seatbelt-based method.

17. The method of claim 15 wherein determining the transverse posi tion

comprising computing a weighted combination of at least a plurality of a yaw method, a

centripetal acceleration method, a vector product method, or an integral method.

8. The method of claim 5 wherein the integral method comprises:

providing acceleration data and yaw data, wherein a y-axis of the mobile

device is aligned to a longitudinal axis of the vehicle and an x-axis of the mobile device is

aligned to a transverse axis that is peipendicular to both the longitudinal axis of the vehicle

and acceleration due to gravity;

selecting a subset of the provided acceleration data and yaw data, wherein the

subset is associated with a predetermined time around a start time of a driving event;

determining a sign of an integral of the subset projected onto the x-axis the

mobile device phone and calculated over a predetermined time window surrounding the start

time;
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predicting that the mobile device enters on the right side of the vehicle if the

sign of the integral of the subset is positive;

predicting that the phone enters on the left side of the vehicle if the sign of the

integral of the subset is negative;

selecting a second subset of the provided acceleration data and yaw data,

wherein the second subset is associated with a predetermined time around an end time of the

driving event;

selecting a second subset of the provided acceleration data and yaw data,

wherein the second subset is associated with a predetermined time around an end time of the

driving event;

determining a sign of an integral of the second subset projected onto the x-axis

the mobile device and calculated over a predetermined time window surrounding the end

time;

predicting that the mobile device enters on the right side of the vehicle if the

sign of the integral of the subset is positive;

predicting that the phone exits on the left side of the vehicle if the sign of the

integral of the second subset is positive; and

predicting that the phone exits on the right side of the vehicle if the sign of the

integral of the second subset is negative.

9. The method of claim wherein determining the front/back location of

the vehicle comprises:

obtaining acceleration data associated with a driving time of a driving event

characterized by an initial entry signal and a terminal exit signal; and

determining a longitudinal posi tion of the mobile device in the vehicle based

on at least one of a bump detection method, paired Y,Z acceleration method.

20. The method of claim wherein determining the longitudinal position

of the mobile device in the vehicle comprises computing a . weighted combination of the bump

detection method and the paired Y,Z acceleration method.
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