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CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application No. 62/219,989,

filed on September 17, 2015, entitled "METHODS AND SYSTEMS FOR DETECTING AND

ASSESSING DISTRACTED DRIVERS", U.S. Provisional Patent Application No. 62/318,983,

filed on April 6, 2016, entitled "SYSTEMS AND METHODS FOR DETECTING DEVICE

USAGE", and U.S. Provisional Patent Application No. 62/353,455, filed on June 22, 2016,

entitled "SYSTEMS AND METHODS FOR DETECTING DEVICE USAGE", the disclosures

of which are hereby incorporated by reference in their entireties for all purposes.

BACKGROUND OF THE INVENTION

[0002] Mobile devices, including smart phones, have been utilized to provide location

information to users. Mobile devices can use a number of different techniques to produce

location data. One example is the use of Global Positioning System (GPS) chipsets, which are

now widely available, to produce location information for a mobile device.

[0003] Some systems have been developed to track driving behaviors including speed, braking,

and turn speed. For example, external devices that plug into an automobile's computer system

have been integrated with vehicles to track driving behavior. One driving behavior of interest is

a driver's inattention to tasks that are important to driving. One source of driver inattention is

the use of a mobile device while driving.

SUMMARY OF THE INVENTION

[0004] Despite the progress made in relation to collecting data related to drivers and their

driving behavior, there is a need in the art for improved systems and methods related to tracking

and evaluating the inattention of drivers.



j OO J Embodiments of the present invention meet this need and others by providing systems

and methods for detecting and assessing distracted drivers. Embodiments collect vehicle and

driving data using a mobile device of a user. In a particular embodiment, data collected using

the mobile device is analyzed to determine when the user is engaging in distracted driving

behavior.

[0006] According to some embodiments of the present invention, a system is provided. The

system includes a mobile device comprising a plurality of sensors, a memory, and a processor

coupled to the memory. The processor is configured to perform operations including obtaining a

plurality of movement measurements over a plurality of time intervals from at least one of the

plurality of sensors in the mobile device of a user using a trip in a vehicle. The operations

further include classifying a subset of the plurality of movement measurements as mobile device

usage movements based on characteristics of the subset. The mobile device usage movements

are indicative of usage of the mobile device by the user. The operations further include filtering

the mobile device usage movements, and outputting the filtered mobile device usage movements.

[0007] According to some embodiments of the present invention, a method is provided. The

method comprises obtaining a plurality of movement measurements over a plurality of time

intervals from at least one of a plurality of sensors in a mobile device of a user during a trip in a

vehicle. The method further comprises classifying a subset of the plurality of movement

measurements as mobile device usage movements based on characteristics of the subset. The

mobile device usage movements are indicative of usage of the mobile device by the user. The

method further comprises filtering the mobile device usage movements, and outputting the

filtered mobile device usage movements.

[0008] These and other embodiments of the invention along with many of their advantages and

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

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a system diagram illustrating a mobile device of a mobile device usage

detection system according to an embodiment of the present invention.



[0010] FIG. 2 is a system diagram illustrating a server of a mobile device usage detection

system according to an embodiment of the present invention.

[0011] FIG. 3 is a flowchart illustrating the capture, analysis and use of attentiveness data

associated with a driver according to an embodiment of the present invention.

[0012] FIG. 4A is a flowchart illustrating a mobile device usage detection method according to

an embodiment of the present invention.

[0013] FIG. 4B is a flowchart illustrating a driver identification method using mobile device

usage movements accordmg to an embodiment of the present invention.

[0014] FIG. 4C is a flowchart illustrating a driver identification method using gravitational

acceleration movements according to an embodiment of the present invention.

[0015] FIG. 5 is a flowchart illustrating a mobile device usage detection method using usage

probabilities accordmg to an embodiment of the present invention.

[0016] FIG. 6 is a flowchart illustrating the inputs into a global positioning system (GPS)

active detection engine according to an embodiment of the present invention.

[00 ] FIGS. 7A-B are graphs of actual mobile device usage mtervals and accelerometer

measurements during those intervals when a user is usmg an application and taking a phone call

according to an embodiment of the present invention.

[0018] FIGS. 8A-B are graphs of actual mobile device usage intervals and accelerometer

measurements during those intervals when a user is using two different applications according to

an embodiment of the present invention.

[0019] FIGS. 9A-B are graphs of actual mobile device usage mtervals and accelerometer

measurements during those intervals when a user is usmg applications and text messaging

according to an embodiment of the present invention.

[0020] FIGS. 10A-D are plots of sensor measurements and predicted usage intervals according

to an embodiment of the present invention.

[0021] FIG. 11A is a plot of predicted mobile device usage according to an embodiment of the

present invention.



[0022] FIG. 1IB is a plot of actual device usage according to an embodiment of the present

invention.

[0023] FIG is a diagram of a mobile device in a vehicle according to an embodiment of the

present invention.

[0024] FIG 3 is a diagram of a driver and a mobile device in a vehicle according to an

embodiment of the present invention.

[0025] FIG 14 is a diagram of a mobile device in a cup holder in a vehicle according to an

embodiment of the present invention.

[0026] FIG 5 is a diagram of a driver, a mobile device and accelerometer data according to

an embodiment of the present invention.

[0027] FIG 6 is a diagram of a driver of a mobile device held up toward the driver for screen

viewing according to an embodiment of the present invention.

[0028] FIG 7 is a diagram of a driver and a mobile device held up toward the driver for

viewing and touch interface interaction according to an embodiment of the present invention.

[0029] FIG. 18 is another diagram of a driver and a mobile device held up toward the driver

for viewing and touch interface interaction according to an embodiment of the present invention.

[0030] In the appended figures, similar components and/or features can have the same

reference label. Further, various components of the same type can be distinguished by following

the reference label by a dash and a second label that distinguishes among the similar

components. If only the first reference label is used in the specification, the description is

applicable to any one of the similar components having the same first reference label irrespective

of the second reference label.

DETAILED DESCRIPTION

[0031] Embodiments of the present invention utilize mobile devices to provide information on

a user's behaviors during transportation. For example, a mobile device carried by a user could

be used to analyze driving behavior. Important driving behaviors that can be identified by some

embodiments are device usage behavior and device interaction or touch behavior, which is



indicative of distraction or inattentiveness to one or more driving tasks. The driving tasks may

include speed, speed limit, direction, school zones, other vehicles, and/or other critical driving

tasks.

[0032] As discussed further herein, some embodiments described use approaches to collecting

and analyzing driving data similar to the approaches described in U.S. Pat. App. No. 15/149,603,

filed May 9, 2016, entitled "METHODS AND SYSTEMS FOR SENSOR-BASED VEHICLE

ACCELERATION DETERMINATION" ("the '603 application"), U.S. Pat. App. No.

15/149,613, filed May 9, 2016, entitled "METHODS AND SYSTEMS FOR SENSOR-BASED

DRIVING DATA COLLECTION" ("the '613 application"), U.S. Pat. App. No. 14/749,232,

filed June 24, 20 5, entitled "METHODS AND SYSTEMS FOR ALIGNING A MOBILE

DEVICE TO A VEHICLE" ("the '232 application"), and U.S. Pat. App. No. 15/249,967, filed

August 29, 2016, entitled "METHODS AND SYSTEMS FOR PRESENTING COLLECTED

DRIVING DATA" ("the '967 application"), all of which are incorporated by reference herein in

their entireties for all purposes (collectively "the Incorporated Applications"). Specific examples

of the use of different embodiments disclosed in the Incorporated Applications are provided

herein, although other approaches described in the Incorporated Applications may be

implemented in conjunction with some embodiments of the present invention as well.

[0033] FIG. I is a system diagram illustrating a system 00 for collecting driving data

according to an embodiment of the present invention. System 100 includes a mobile device 0 1

having a number of different components. Mobile device 101 includes a sensor data block 105, a

data processing block 120, a data transmission block 130, and a notification block 140. The

sensor data block 105 includes data collection sensors as well as da ta collected from these

sensors that are available to mobile device 101. This can include external devices connected via

Bluetooth, USB cable, etc. The data processing block 120 includes storage 26, and

manipulations done to the data obtained from the sensor data block 05 by processor 22, This

includes, but is not limited to, analyzing, classifying, characterizing, subsamplmg, filtering,

reformatting, etc. Data transmission block 130 includes any transmission of the data off the

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

sensor data block 05. The external computing device can be, for example, a server 150. Server

50 can comprise its own processor 52 and storage 156. In one embodiment, notification block



140 reports the results of analysis of sensor data performed by the data processing block 120 to a

user of the mobile device 101 via a display (not shown). The functions of notification block 40

are described further in U.S. Provisional Patent Application No. 62/286,218, filed January 22,

20 6, which is herein incorporated by reference in its entirety .

[0034] Some embodiments of the present invention are described using examples where

driving data is collected using mobile devices 101, and these examples are not limited to any

particular mobile device. As examples, a variety of mobile devices including sensors such as

accelerometers 112, gyroscopes 1 6, magnetometers 114, microphones 118, compasses 9,

barometers 1 3, location determination systems such as global positioning system (GPS)

receivers 110, communications capabilities, and the like are included within the scope of the

invention. Exemplary mobile devices include smart watches, fitness monitors, Bluetooth

headsets, tablets, laptop computers, smart phones, music players, movement analysis devices,

and other suitable devices. One of ordinary skill in the art, given the description herein, would

recognize many variations, modifications, and alternatives for the implementation of

embodiments.

[0035] To collect data associated with the driving behavior of a driver, one or more sensors on

mobile device 101 (e.g., the sensors of sensor data block 105) are operated close in time to a

period when mobile device 101 is with a driver when operating a vehicle —also termed herein "a

drive" or "a trip". With many mobile devices 101, the sensors used to collect data are

components of the mobile device 101, and use power resources available to mobile device 101

components, e.g., mobile device battery power and/or a power source external to mobile device

101.

[0036] Some embodiments use settings of a mobile device to enable different functions

described herein. For example, in Apple iOS, and/or Android OS, having certain settings

enabled can enable certain functions of embodiments. For some embodiments, having location

services enabled allows the collection of location information from the mobile device (e.g.,

collected by global positioning system (GPS) sensors, and enabling background app refresh

allows some embodiments to execute in the background, collecting and analyzing driving data

even when the application is not executing. For some embodiments, the operating system of



mobile device 101 can enable reporting of the screen state of mobile device 101 (i.e., whether the

screen is on or off at a particular point in time).

[0037] FIG. 2 shows a system 200 for collecting driving data that can include a server 201 that

communicates with mobile device 101. In some embodiments, server 201 provides functionality

using components including, but not limited to vector analyzer 258, vector determiner 259,

external information receiver 212, classifier 214, data collection frequency engine 252, driver

detection engine 254, scoring engine 290, and device usage engine 256. These components are

executed by processors (not shown) in conjunction with memory (not shown). Server 201 also

includes data storage 256. It is important to note that, while not shown, one or more of the

components shown operating within server 201 can operate fully or partially within mobile

device 101.

[0038] To collect data associated with the driving behavior of a driver, one or more sensors on

mobile device 101 (e.g., the sensors of sensor data block 105) are operated close in time to a

period when mobile device 101 is with the driver when operating a vehicle—also termed herein

"a drive" or "a trip". Once the mobile device sensors have collected data (and/or in real time),

some embodiments analyze the data to determine acceleration vectors for the vehicle, as well as

different features of the drive. Examples of processes to detect and classify driving features

using classifier 214, and determine acceleration vectors using vector analyzer 258 and vector

determiner 259. In one embodiment, external data (e.g., weather) can be retrieved and correlated

with collected driving data.

[0039] As discussed herein, some embodiments can transform collected sensor data (e.g.,

driving data collected using sensor data block 105) into different results, including, but not

limited to, estimates of the occurrence of times where a driver was using the device. Such

functions may be performed by device usage engine 256, for example. Examples of collecting

driving data using sensors of a mobile device are described herein. Examples of analyzing

collected driving data to detect the occurrence of device usage are also described herein.

Notifications of driving events can be made via notification block 140 of mobile device 101 in

one embodiment.

[0040] As discussed further in U.S. Provisional Patent Application No. 62/286,218 and U.S.

Provisional Patent Application No. 62/346,013, herein incorporated by reference in their



entireties, some embodiments analyze collected driving data and assign scores based on different

criteria. Some embodiments use scoring engine 290 to analyze relevant data and rules, and

generate scores for embodiments.

[0041] Although shown and described as being contained within server 201, it is contemplated

that any or all of the components of server 201 may instead be implemented within mobile

device 101. It is further contemplated that any or all of the functionalities described herein may

be performed during a drive, in real time, or after a drive.

[0042] FIG. 3 is a flowchart 300 of the capture, analysis and use of attentiveness data

associated with a driver according to an embodiment of the present invention. The method

described in FIG. 3 can use, for example, approaches described in the Incorporated Applications

to detect and measure the movement of a mobile device relative to a moving vehicle.

[0043] As described within the Incorporated Applications, this detection, measurement, and

analysis of the movement of a mobile device can be accomplished by collecting and storing

sensor data from the mobile device (e.g., from sensors in sensor data block 105), then analyzing

the data at server 201 (e.g., using vector analyzer 258, vector determiner 259, and/or classifier

214). In some embodiments, this analysis can additionally or alternatively be performed using

resources in the mobile device (e.g., data processing block 120 in mobile device 101).

[0044] At processing block 310, measurements are obtained indicating that the mobile device

is moving relative to the vehicle. In different examples, a measured movement can be minor

(e.g., a mobile device sliding sideways within a cup holder), or more substantial (e.g., the mobile

device being picked up out of the cup holder and held to the ear of a driver).

[0045] At decision block 320, the movement measurements are analyzed to determine whether

they are indicative of a particular type of event (e.g., driver inattentiveness) occurring with

respect to mobile device 101 in a vehicle. In some embodiments, this particular type of event is

associated with use by the driver of mobile device 101 such that the driver of the vehicle is

potentially not paying attention to driving tasks (e.g., the driver is distracted from driving tasks

by mobile device 101). For convenience, as used herein, inattentiveness, distraction, failing to

pay attention, and/or other similar terms and phrases broadly signify a driver not paying proper

attention to tasks associated with operating the vehicle.



[0046] t is important to note that, for any analysis described herein, exclusions, thresholds and

other limitations can be applied to allow for tuning of results. For example, certain types of

applications (e.g., navigation applications, hands free phone calls) can be excluded in some

embodiments from being assessed as distracting. In addition, a threshold can be applied to

different analysis (e.g., a certain amount of movements must be detected to conclude a mobile

device is being used).

[0047] As discussed below, not all movement measurements are associated with the driver of

the vehicle, and not all uses of mobile device by the driver 101 lead to mattentiveness. It should

be appreciated that different embodiments described herein provide the framework for measuring

mattentiveness, but the thresholds and classifications used for this analysis are tunable. The

definitions of distraction used by embodiments can be changed at any time, if needed (e.g., for

some applications, any use of a mobile device is distracting to some degree, while for other

applications, hands free use of a mobile device with a Bluetooth headset is not distracting).

Some entities may want to flexibly define the potential for distraction of a given activity based

on the demographics of the driver (e.g., hands-free use of a mobile device by a 2 year old

person is distracting to some degree, while hands-free use by a 45 year old person is not). This

incorporation of a wide variety of relevant factors in determining distraction is described further

herein, and different factors can be applied at different phases in the analysis (e.g., picking up a

mobile device can be determined to be indicative of driver mattentiveness at decision block 320,

but later analysis determines that the mobile device is being used by a passenger and is not

distracting to the driver).

[0048] Examples of which types of movement measurements may be found, by some

embodiments, indicative of distraction by decision block 320, and how these movement

measurements may be collected and analyzed, is discussed herein.

[0049] At processing block 330, the activity being performed with mobile device 101 is

estimated by some embodiments. Examples of estimated activities include, but are not limited

to: ( 1) mobile device 101 s estimated to be being held to the driver's (or a passenger's) ear, (2)

mobile device 101 s estimated to be being held by the driver (or passenger) such that the screen

can be viewed, (3) mobile device 0 1 is being held for viewing and the driver (or passenger) is

interacting with the device (e.g., purposefully touching the touch screen and/or hardware



keyboard of the mobile device), (4) mobile device 101 is being moved from one location in the

vehicle (e.g., a pocket, the cup holder, etc.) to another location (e.g., a bracket mount closer to

the driver's field of view). Discussion of the types of processes used by some embodiments to

differentiate between the driver of a vehicle and passengers are discussed herein, including with

the descriptions of FIGS. 2 and 13.

[0050] In some embodiments, the estimate of the activity being performed with mobile device

0 1 at processing block 330 is accomplished by the interpretation of movement measurements

alone (e.g., one embodiment is not receiving status information from mobile device 101 as to

what applications (e.g., texting, email, phone, etc.) are being executed on the device). It is

contemplated that mobile devices 101 may vary in their ability to report this status information in

some embodiments. For example, an application executing on some iPhones, using some

versions of Apple IOS, may not be able to receive the status of other executing applications, for

any reason. With other mobile devices (e.g., those operating with Android OS), an application

can determine which other applications are executing.

[0051] Additional examples of types of activities which can be estimated by processing block

330, how these estimates are made, and the potential significance of these estimates, vis-a-vis a

determination of distraction, are discussed herein.

[0052] At processing block 350, in some embodiments, based on the time frame of the

potentially distracting activity, aggravating and/or mitigating factors are identified. Though the

attached figures illustrating embodiments should be interpreted such that, in some embodiments,

all steps/components could be optional, combined with other steps/components and/or performed

by different steps/components, processing block 3 0 has a dotted line to further emphasize the

optional nature of this stage. This stage should not be interpreted to be more or less optional

than other figure elements that do not have dotted lines.

[0053] Aggravating and/or mitigating factors may be identified by cross-referencing one or

more of pieces of external information that include, but are not limited to: the time period of the

identified activity (e.g., from 8 :12PM to 8:22PM), the location of the identified activity from

GPS measurements (e.g., Maple Road), the demographics of the person identified to be the

driver of the vehicle (e.g., 22 year old male), the reported weather conditions at the location (e.g.,

snowing), any special status of the location (e.g., a school zone), the speed of the vehicle (e.g.,



15 miles per hour), time of day (e.g., at dusk), calendar date (e.g., Christmas Eve), and/or any

other similar types of information relevant to how distracting an activity could be. Examples of

potential mitigating factors include, but are not limited to: the slow speed of the vehicle at the

time of the event, the experience of the driver, the lack of traffic on the road, and the like.

[0054] An additional discussion of this type of cross-referencing with external data sources is

found in the Incorporated Applications (e.g., grading how bad a hard braking event was by cross-

referencing the event with the weather, time of day, school zone, etc.). It is contemplated that a

broad variety of data sources can be combined to provide additional aggravating and mitigating

factor relevant to distracted driving.

[0055] At processing block 360, based on the analysis of blocks 310-350, an estimate of the

level of driver inattentiveness during a particular time period may be estimated. In some

embodiments, this estimate is made using approaches described in the Incorporated Applications

with respect to other driving behaviors. For example, by the processes described in the '967

application, braking events, speeding, mobile device use and other detected behaviors are

analyzed and a score is generated.

[0056] Once an estimate is completed by some embodiments, a score (e.g., a metric, grade

and/or any other indication likely to understood by drivers) can be generated. For example, letter

grades may provide an easy-to-understand rating for different levels of distraction (e.g., an "F"

assigned to a single event, and/or a drive that contained the event, where an incident was

detected in which a driver sent a text message while the vehicle was moving). As described

herein, and in the Incorporated Applications, grades assigned to smaller behavior features (e.g., a

single event), can be weighted and/or aggregated into an evaluation of larger behavior features

(e.g., a whole drive, a month of driving, a user's entire driving history, the driver's current

behavior rating, and/or other similar features).

[0057] FIG. 4A is a flowchart 400A illustrating a mobile device usage detection method

according to an embodiment of the invention. The method may be performed by mobile device

101 and/or server 150 of FIG. 1, or mobile device 101 and/or server 201 of FIG. 2 . At

processing block 405, movements of a device are received. The device may be, for example,

mobile device 0 1 of FIGS. 1 and/or 2, The movements may be measured by one or more

sensors within sensor data block 05 of FIG. , such as the accelerometer, the gyroscope, the



GPS and/or the magnetometer. The measurements may include the non-gravitational

acceleration of the device in the x, y, and z directions; the gravitational acceleration of the phone

in the x, y, and z directions; the yaw, roll, and pitch of the device; the derivatives of these

measurements; the gravity difference angle of the device; and the difference in normed

gravitational acceleration of the device. In one embodiment the movements of the device may

be measured in intervals, e.g., over a period of 10 seconds.

[0058] At processing block 410, the movements of the device are classified as device usage

movements based on characteristics of the device movements. Device usage movements as used

herein refer to movements of the device that are indicative of usage of the device by the user.

Exemplary characteristics include changes in angle of the device with respect to gravity.

Alternatively or additionally, the device movements may be classified as device usage

movements based on a comparison of the device movements to stored movements that are

known or confirmed to be device usage movements. Alternatively or additionally, the device

movements may be classified as device usage movements if the number of device movements is

above a threshold number. For example, if the device moves 10 times in 30 seconds, the

movements may be classified as device usage movements, because the probability of the device

moving that many times in that time period without usage is low.

[0059] At processing block 4 15, one or more filters are applied to the device usage

movements. For example, the direction of the user interface of the device can be determined,

and device usage movements occurring while the device is facing away from the user can be

filtered out. The direction of the user interface of the device can be determined, for example, by

the magnetometer, or by negative z-gravity-acceleration. In another example, device usage

movements occurring while the vehicle is not moving (or moving at a speed below a threshold)

can be filtered out. Whether or not the vehicle is moving can be determined, for example, from

measurements made by the sensors within the device.

[0060] In still another example, device usage movements occurring while the device is face

down (i.e., in a downward orientation) can be filtered out. For example, the device movements

can be scanned over an interval (e.g., every 1/ 0 second) for a large gravity difference angle

spike, which is indicative of the device being picked up. Device usage movements can be

filtered out, for example, if they occur prior to the device being picked up.



[0061] At processing block 420, the filtered device usage movements can be outputted for

further processing, display, storage, etc. For example, the filtered device usage movements can

be used to compute summary statistics, such as max, min, mean, med-abs-dev, covariance,

percentiles, range, skew, kurtosis, correlation coefficients, zero crossings, entropy, and/or power.

The summary statistics may then be used to classify future movements of the device. Further,

the summary statistics may be used as input features to train a machine learning ensemble. In

another example, the filtered device usage movements can be added to the stored device usage

movements to help classify future device usage movements.

[0062] In still another example, an alert can be generated to the user regarding the filtered

device usage movements. For example, an audio alert or textual notification can be made to the

user regarding the length of time the user was using the device during the trip, as discussed

further in U.S. Provisional Patent Application No. 62/286,218, herein incorporated by reference

in its entirety.

[0063] At optional processing block 425, the filtered device usage movements can be classified

as device touch movements based on characteristics of the filtered device usage movements.

Device touch movements as used herein are movements of the device indicative of touching the

device by the user. For example, when a user interface of the device is repeatedly tapped by a

driver, it can cause a frequency vibration in some degree that may be detectable by movements

sensors, such as an accelerometer or gyroscope. In one example, an alert can be generated to the

user regarding the device touch movements, such as is discussed further in U.S. Provisional

Patent Application No. 62/286,21 8, herein incorporated by reference in its entirety.

[0064] FIG. 4B is a flowchart 400B illustrating a driver identification method using mobile

device usage movements according to an embodiment of the invention. The steps of flowchart

400B may be performed at any poi t of flowchart 400A after the device usage movements are

classified at processing block 410. The method may be performed by mobile device 0 1 and/or

server 50 of FIG. , or mobile device 101 and/or server 201 of FIG. 2 . At processing block

430, movements and stops of the vehicle are determined using the movements of the device as

obtained from one or more sensors, for example.

[0065] At decision block 43 , it is determined whether the device usage movements begin

during a deceleration or stop in the movements of a vehicle. If not, then the movements and



stops of the vehicle continue to be monitored at processing block 430. If so, then the process

continues at decision block 440. At decision block 440, it is determined whether the device

usage movements end during a stop or an acceleration in the movements of the vehicle. If not,

then the movements and stops of the vehicle continue to be monitored at processing block 430.

If so, then the user is classified as a driver of the vehicle at processing block 445.

[0066] The classification of the user as a driver of a vehicle can be used in any number of

ways. For example, the trip by the driver can be assigned a score based at least in part on the

filtered device usage movements. Scoring of trips is discussed further in U.S. Provisional Patent

Application No. 62/286,218, herein incorporated by reference in its entirety. Further disclosure

with respect to driver identification can be found in U.S. Patent Application No. 14/1 39,510,

filed December 23, 2013, entitled "METHODS AND SYSTEMS FOR DRIVER

IDENTIFICATION", herein incorporated by reference in its entirety. In an additional or

alternative embodiment, the classification of the user as a driver of a vehicle according to this

method can be combined with driver classifications according to other methods to determine an

overall probability that the user is the driver.

[0067] FIG. 4C is a flowchart 400C illustrating a driver identification method using

gravitational acceleration movements according to an embodiment of the invention. The steps of

flowchart 400C may be performed at any point of flowchart 400A after the device usage

movements are classified at processing block 410. The method may be performed by mobile

device 101 and/or server 150 of FIG. 1, or mobile device 101 and/or server 201 of FIG. 2 .

[0068] At processing block 450, a plurality of gravitational acceleration movements of the

device are determined from the device usage movements. At processing block 455, the plurality

of gravitational acceleration movements are corresponded to one or more orientations of the

device. The orientations of the device may include, for example, landscape tilted up, landscape

flat, tilted left portrait, and the like.

[0069] At processing block 460, the one or more orientations of the device are classified as

driver orientations or passenger orientations. For example, an orientation of the device may be

classified as a driver orientation if that orientation is more consistent with device usage by a

driver than by a passenger. In one embodiment, the driver orientations may include a tilted left

portrait orientation. An orientation of the device may be classified as a passenger orientation if



that orientation is more consistent with device usage by a passenger than by a driver. n one

embodiment, the passenger orientations may include landscape orientations.

[007 At processing block 465, a duration of time spent by the device in the driver

orientations and the passenger orientations is determined. For example, a total amount of time

spent by the device in varying landscape orientations can be determined as the amount of time

spent by the device in the passenger orientations. Similarly, a total amount of time spent by the

device in a tilted left portrait orientation can be determined as the amount of time spent by the

device in the driver orientations.

[0071] At decision block 470, it is determined whether the duration of time spent by the device

in the driver orientations is greater than the duration of time spent by the device in the passenger

orientations. This determination can be made, for example, by comparing the duration of time

spent by the device in the driver orientations to the duration of time spent by the device in the

passenger orientations. If yes, the method continues at processing block 480, and the user is

classified as a driver of the vehicle. If no, the method continues at processing block 475, and the

user is classified as a passenger of the vehicle.

[0072] The classification of the user as a driver of a vehicle can be used in any number of

ways. For example, the trip by the driver can be assigned a score based at least in part on the

filtered device usage movements. Scoring of trips is discussed further in U.S. Provisional Patent

Application No. 62/286,218, herein incorporated by reference. Further disclosure with respect to

driver identification can be found in U.S. Patent Application No. 14/139,510, filed December 23,

2013, entitled "METHODS AND SYSTEMS FOR DRIVER IDENTIFIC ATION", herein

incorporated by reference in its entirety. In an additional or alternative embodiment, the

classification of the user as a driver of a vehicle according to this method can be combined with

driver classifications according to other methods to determine an overall probability that the user

is the driver.

[0073] Once the trip is completed, collective data may be collected and used. The data may

include the number of times that device usage begins as speed decreases to a stop; the number of

times that device usage ends as speed increases from a stop; the total amount of time the device

is used during the trip; the lengths of the device usage periods; and the amount of time that the

device spends in a variety of positions while the user is/is not using the device, and while the



user is/is not moving quickly. The positions may include landscape mode, diagonal, upright,

flat, left facing, right facing, upside down, etc. In one example, summar statistics can be

calculated based on the classification of the user as a driver and this collected data. For example,

the statistics can be used as input features to a classification algorithm that determines whether

the user is a driver or a passenger in future trips.

[0074] FIG. 5 is a flowchart 500 illustrating a mobile device usage detection method according

to an embodiment of the invention. The method may be performed by mobile device 0 1 and/or

server 150 of FIG. 1, and/or mobile device 101 and/or server 201 of FIG 2 . Screen state data

505 and sensor data 510 are collected over one or more time intervals from mobile device 101

during a trip in a vehicle. The time intervals may of any length, such as, for example, 10 second

time intervals. Screen state data 505 may be determined by an operating system of mobile

device 101, and may indicate whether the screen of mobile device 101 is on or off at a given

point in time. Sensor data 510 may include any data collected by sensor data block 05 of

mobile device 101, such as, for example, gyroscope data, accelerometer data, global positioning

system (GPS) data, and the like.

[0075] At processing block 515, a time series of usage probabilities are determined over the

time intervals based on a comparison of the screen state data 505 and sensor data 5 0 to known

usage data. In some embodiments, a machine learning classifier may be applied to the screen

state data 505 and sensor data 510. For example, the screen state data 505 and sensor data 5 0

can be used to compute summary statistics, such as max, min, mean, med-abs-dev, covariance,

percentiles, range, skew, kurtosis, correlation coefficients, zero crossings, entropy, and/or power.

The summary statistics may then be used to classify future movements of the device. Further,

the summary statistics may be used as input features to train a machine learning ensemble. In

another example, the screen state data 505 and sensor data 5 0 can be added to the stored device

usage movements to help classify future device usage movements.

[0076] The usage probabilities comprise probabilities that the user of mobile device 0 1 is

interacting with mobile device 101 during the trip over each time interval. The known usage

data may comprise previously collected screen state date and/or sensor data from previous trips

taken by the user of mobile device 101 and/or other users of other mobile devices, with the data

labeled according to known usage periods. The usage periods may be known, for example,



because they were explicitly reported as usage periods by the users of the mobile devices. In

another example, the usage periods may have been determined to be known usage periods

according to the embodiments described herein or according to any other device usage detection

method. For example, the usage periods may have been determined to be known usage periods

according to the systems and methods described in U.S. Provisional Patent Application No.

62/318,983, filed April 6, 2016, and/or U.S. Provisional Patent Application No. 62/219,989, filed

September 1 , 2015, herein incorporated by reference in their entireties.

[0077] At processing block 520, the sensor data 5 0 is validated for each time interval. In one

embodiment, sensor data 510 is validated for a time interval if there is no significant sensor

dropout during the time interval. In an additional or alternative embodiment, sensor data 5 0 is

validated for a time interval if the user of mobile device 0 1 is driving faster than a threshold

speed (e.g., 2.6 m/s) during the time interval. This prevents data within sensor data 5 0 from

being validated if the user is using mobile device 0 1 while stopped, slowing to a stop, driving at

a slow rate of speed, etc. In an additional or alternative embodiment, sensor data 510 is validated

if the screen state is "on" during the time interval, as indicated by the screen state data 505. Any

of a number of other criteria may be used to determine whether the sensor data 510 should be

validated for a time interval. For example, sensor data 5 0 may be validated only if mobile

device 101 has a negative grav-z acceleration. In another example, sensor data 5 0 may be

validated only if sensor data 5 0 is not within a threshold time period of the end of the trip.

[0078] At decision block 525, it is determined whether mobile device 101 is in a mount in the

vehicle during each time interval of the trip based on a comparison of sensor data 510 to known

mount data. This determination may be made, for example, by a mount detection engine within

device usage engine 256, which may be implemented in mobile device 101, server 150, and/or

server 20 . In one example, a machine learning classifier may be applied to the sensor data 5 0 .

The known mount data may comprise previously collected sensor data from previous trips taken

by the user of mobile device 101 and/or other users of other mobile devices, with the data labeled

according to known mount periods. The mount periods may be known, for example, because

they were explicitly reported as periods that the mobile devices were mounted in the vehicle by

the users of the mobile devices. In another example, the mount periods may have been

determined to be known mount periods according to any other device mount detection method.



[0079] For example, the sensor data 510 can be used to compute summary statistics, such as

max, min, mean, med-abs-dev, covariance, percentiles, range, skew, kurtosis, correlation

coefficients, zero crossings, entropy, and/or power. The summary statistics may then be used to

classify future movements of the device as mount periods. Further, the summary statistics may

be used as input features to train a machine learning ensemble. In another example, the sensor

data 510 can be added to the known mount data to help classify future mount movements.

[0080] If it is determined that mobile device 0 1 is in a mount at decision block 525, the

method continues at decision block 530. At decision block 530, it is determined whether a GPS

application is active on mobile device 101 during each time interval during which mobile device

101 was in a mount. This determination may be made, for example, by a GPS active detection

engine within device usage engine 256, which may be implemented in mobile device 101, server

50, and/or server 201. A GPS active detection engine is described in further detail herein with

respect to FIG. 6 .

[0081] In one example, a machine learning classifier may be applied to various data sources

described in FIG. 6 to compare sensor data 510 and/or any other collected data from mobile

device 101 to known GPS active data. The known GPS active data may comprise previously

collected data from previous trips taken by the user of mobile device 101 and/or other users of

other mobile devices, with the data labeled according to known GPS active periods. The GPS

active periods may be known, for example, because they were explicitly reported as periods that

a GPS application was being used on the mobile device, as reported by the user of the mobile

device. In another example, the GPS active periods may have been determined to be know GPS

active periods according to any other GPS active detection method. In another embodiment, t

may be determined directly from the operating system of mobile device 101 that a GPS

application is in the foreground of mobile device 10 .

[0082] With respect to the machine learning classifier, the sensor data 510 can be used to

compute summary statistics, such as max, min, mean, med-abs-dev, covariance, percentiles,

range, skew, kurtosis, correlation coefficients, zero crossings, entropy, and/or power. The

summary statistics may then be used to classify future movements of the device as GPS active

periods. Further, the summary statistics may be used as input features to tram a machine



learning ensemble. In another example, the sensor data 510 can be added to the known GPS

active data to help classify future GPS active movements.

[0083] If it is determined that mobile device 101 has an active GPS application at decision

block 530, the method proceeds at decision block 535. At decision block 535, it is determined

whether the usage probability for the time intervals in which the GPS is active on mobile device

101 is greater than a first threshold. The first threshold may be relatively high so as not to

identify distraction when mobile device 101 is properly being used as a GPS device in a mount.

[0084] If it is determined that the usage probability for a time interval in which the GPS is

active on mobile device 101 exceeds the first threshold, the method proceeds at processing block

540. At processing block 540, the time interval is flagged as a device usage period if it was

determined to be valid at processing block 520. If it is determined that the usage probability for

a time interval in which the GPS is active on mobile device 101 does not exceed the first

threshold, the method proceeds at processing block 545. At processing block 545, the time

interval is discarded.

[0085] If it is determined that mobile device 101 does not have an active GPS application (i.e.,

mobile device 101 has a GPS application that is inactive, mobile device 101 does not have a GPS

application, etc.) at decision block 530, the method proceeds at decision block 550. At decision

block 550, it is determined whether the usage probability for the time intervals in which there is

no active GPS application on mobile device 101 is greater than a second threshold. The second

threshold may be relatively low so as to identify distraction when mobile device 101 is being

used for purposes other than GPS purposes while it is mounted. In one embodiment, the second

threshold is lower than the first threshold.

[0086] If it is determined that the usage probability' for a time interval in which there is no

active GPS application on mobile device 101 exceeds the second threshold, the method proceeds

at processing block 555. At processing block 555, the time interval is flagged as a device usage

period if it was determined to be valid at processing block 520. If it is determined that the usage

probability for a time interval in which there is no active GPS application on mobile device 101

does not exceed the second threshold, the method proceeds at processing block 560. At

processing block 560, the time interval is discarded.



[0087] If it is determined that mobile device 101 is not in a mount at decision block 525, the

method continues at decision block 565. At decision block 565, it is determined whether mobile

device 101 is in a downward or upward orientation. This determination may be made, for

example, by analyzing sensor data 510. A "downward orientation" of mobile device 101 may

considered any orientation in which the screen of mobile device 101 is not facing or unviewable

the user of mobile device 101. An "upward orientation" of mobile device 101 may be

considered any orientation in which the screen of mobile device 101 is facing or viewable to the

user of mobile device 101.

[0088] If it is determined that mobile device 0 1 is in a downward orientation at decision block

565, the method continues at decision block 570. At decision block 570, it is determined

whether the usage probability for a time interval in which mobile device 0 1 is in a downward

orientation exceeds a third threshold. The third threshold may be relatively high because it is

unlikely that the user is using and/or distracted by mobile device 101 when the screen of mobile

device 101 is pointing away from the user.

[0089] If it is determined that the usage probability for the time interval in which mobile

device 101 is in a downward orientation exceeds the third threshold, the method proceeds at

processing block 575. At processing block 575, the time interval is flagged as a device usage

period if it was determined to be valid at processing block 520. If it is determined that the usage

probability for the time interval in which mobile device 101 is in a downward orientation does

not exceed the third threshold, the method proceeds at processing block 380. At processing

block 380, the time interval is discarded.

[009Θ] If it is determined that mobile device 101 is in an upward orientation at decision block

565, the method continues at decision block 585. At decision block 585, it is determined

whether the usage probability for a time interval in which mobile device 101 is in an upward

orientation exceeds a fourth threshold. The fourth threshold may be relatively low because it is

more likely that the user is using and/or distracted by mobile device 10 1 when the screen of

mobile device 0 1 is pointing toward the user.

[0091] If it is determined that the usage probability for the time interval in which mobile

device 101 is in a upward orientation exceeds the fourth threshold, the method proceeds at

processing block 590. At processing block 590, the time interval is flagged as a device usage



period if t was determined to be valid at processing block 520. If it is determined that the usage

probability for the time interval in which mobile device 101 is in an upward orientation does not

exceed the fourth threshold, the method proceeds at processing block 595. At processing block

595, the time interval is discarded.

[0092] Once the method has been completed for all of the time intervals of the trip, the time

intervals flagged as device usage periods may be consolidated into continuous usage periods if

they are within a threshold time of each other. In one embodiment, device usage periods within

a minute of each other may be consolidated. For example, if device usage periods are identified

between (A) minute 5 of a trip and minute 5:10, (B) minute 5:10 and minute 5:20, and (C)

minute 5:40 and minute 5:50, then minute 5 to minute 5:50 may be consolidated into a

continuous usage period.

[0093] Once continuous usage periods are identified, they may be used to perform analytics or

to take further actions. In one embodiment, the continuous usage periods may be calculated to

assign a score to a trip. Scoring of trips is described further in U.S. Provisional Patent

Application No. 62/286,218 and U.S. Provisional Patent Application No. 62/346,013, herein

incorporated by reference in their entireties. For example, a percentage of the time intervals that

are identified as continuous usage periods may be calculated. The percentage may then be

compared to percentages from other users, such as an average percentage, to determine how the

device usage behavior of the user of mobile device 101 compares to other users. In one example,

if the percentage for the user of mobile device 101 is lower than an average percentage, a high

score may be assigned to the trip. If the percentage for the user of mobile device 101 is higher

than an average percentage, a low score may be assigned to the trip.

[0094] Driver identification methods may also be applied in conjunction with the method

illustrated in FIG. 5 . In one embodiment, the screen state data 505 and sensor data 510 may be

used to calculate summary statistics for time intervals in which the screen is on. A machine

learning classifier may be applied to the summary statistics to compare sensor data 510 to known

driver usage data. The known driver usage data may comprise previously collected sensor data

from previous trips taken by the user of mobile device 0 1 while driving and/or other drivers

using other mobile devices, with the data labeled according to known driver usage periods. The

driver usage periods may be known, for example, because they were explicitly reported as



periods that the mobile devices were being used by drivers in the vehicles. In another example,

the driver usage periods may have been determined to be known driver usage periods according

to any other driver usage detection method, such as those disclosed in U.S. Provisional Patent

Application No. 62/318,983, herein incorporated by reference in its entirety.

[0095] In some embodiments, the screen state data 505 and sensor data 5 0 can be used to

compute summary statistics, such as max, mm, mean, med-abs-dev, covariance, percentiles,

range, skew, kurtosis, correlation coefficients, zero crossings, entropy, and/or power. The

summary statistics may then be used to classify future movements of the device as driver usage

periods. Further, the summary statistics may be used as input features to train a machine

learning ensemble. In another example, the sensor data 510 can be added to the known driver

usage data to help classify future driver usage movements.

[0096] In an additional or alternative embodiment, a user of mobile device 101 may be

classified as a driver of the vehicle if it is determined that mobile device 101 is mounted at

decision block 525. This classification is made based on the assumption that drivers of vehicles

are more likely to mount their mobile devices in their vehicles than passengers.

[0097] FIG. 6 is a flowchart 600 illustrating the inputs into a GPS active detection engine 635

according to an embodiment of the invention. The GPS active detection engine 635 may be

implemented in mobile device 101 and/or server 50 of FIG. 1, and/or mobile device 101 and/or

server 201 of FIG. 2 . Sensor data 610 is collected from mobile device 101 during a trip in a

vehicle. Sensor data 610 may include any data collected by sensor data block 05 of mobile

device 101, such as, for example, gyroscope data, accelerometer data, global positioning system

(GPS) data, and the like. Sensor data 6 0 may also include any data collected by any additional

sensors or components of mobile device 101 that are not illustrated in sensor data block 105.

Sensor data 610 may be the same as or different than sensor data 510 of FIG. 5 .

[0098] Various types of data may be extracted from the sensor data 610, such as mount data

6 5, gravity vector data 620, acceleration data 625, and/or battery level data 630. Mount data

615 may be a determination of whether or not mobile device 101 is in a mount, as decided at

decision block 525 of FIG. 5, for example. Mount data 6 5 may be provided to GPS active

detector 635, and may be relevant because a GPS application may be more likely to be active

when mobile device 101 is mounted.



[0099] Gravity vector data 620 may comprise summary statistics of gravity vectors during the

trip. Gravity vector data 620 may be provided to GPS active detection engine 635. Gravity

vector data 620 may be relevant because initiation and/or use of a GPS application may have

certain gravity vectors associated with the movements of mobile device 101.

[0100] Acceleration data 625 may comprise summary statistics of horizontal and vertical

acceleration during the trip. Acceleration data 625 may be provided to GPS active detection

engine 625. Acceleration data 625 may be relevant because initiation and/or use of a GPS

application may have certain accelerations associated with the movements of mobile device 101.

[0101] Batteiy level data 630 may comprise data provided by the operating system of mobile

device 101, for example, that allows calculation of a slope of the batteiy level curve. Batteiy

level data may be provided to GPS active detection engine 625. Battery level data 630 may be

relevant because use of a GPS application may drain the batteiy of mobile device 101 faster than

if a GPS application is not being used.

[0102] Mount data 6 5, gravity vector data 620, acceleration data 625, and/or battery level

data 630 may be input into GPS active detection engine 635 for further analysis to determine

whether a GPS application is active on mobile device 101. GPS active detection engine 635 may

determine that a GPS application is active on mobile device 01, for example, by applying a

machine learning classifier to the data 6 15-630 to compare the data 6 15-630 to known GPS

active data, as described further herein. The known GPS active data may comprise previously

collected data from previous trips taken by the user of mobile device 0 1 and/or other users of

other mobile devices, with the data labeled according to known GPS active periods. The GPS

active periods may be known, for example, because they were explicitly reported as periods that

a GPS application was being used on the mobile device, as reported by the user of the mobile

device. In another example, the GPS active periods may have been determined to be known GPS

active periods according to any other GPS active detection method. In another embodiment, it

may be determined directly from the operating system of mobile device 101 that a GPS

application is in the foreground of mobile device 101.

[0103] For example, the data 6 15-630 can be used to compute summary statistics, such as max,

min, mean, med-abs-dev, covariance, percentiles, range, skew, kurtosis, correlation coefficients,

zero crossings, entropy, and/or power. The summary statistics may then be used to classify



future movements of the device as GPS active periods. Further, the summary statistics may be

used as input features to train a machine learning ensemble. In another example, the data 6 5-

630 can be added to the known GPS active data to help classify future GPS active movements.

[0104] FIGS. 7A-B, 8A-B and 9A-B are graphs of actual mobile device usage intervals and

accelerometer measurements during those intervals when a user is using a mobile device

according to an embodiment of the present invention. For example, FIG. 7A shows time

intervals in which a user was playing a game and taking a phone call on a mobile device. FIG.

7B shows the accompanying x, y, and z acceleration data as collected by an accelerometer of the

mobile device before, during and after the usage. As shown in FIG. 7B, the x and z accelerations

increased during the usage time periods, while the y acceleration decreased.

[0105] FIG. 8A shows time intervals in which a user was using different applications on a

mobile device. FIG. 8B shows the accompanying x, y, and z acceleration data as collected by an

accelerometer of the mobile device before, during and after the usage. As shown in FIG. 8B, the

y and z accelerations increased during the usage time periods, while the x acceleration decreased.

[0106] FIG. 9A shows time intervals in which a user was using e-mail, applications and text

messaging on a mobile device. FIG. 9B shows the accompanying x, y, and z acceleration data as

collected by an accelerometer of the mobile device before, during and after the usage. As shown

in FIG. 9B, the z acceleration increased, while the x and y accelerations decreased, and/or the

accelerations that were otherwise stable exhibited a large degree of variance.

[0107] The data collected and shown in FIGS. 7A-B, 8A-B and 9A-B may be used as known

usage data as described herein. For example, FIGS. 7B, 8B, and 9B may be labeled according to

the known usage periods shown in FIGS. 7A, 8A, and A . The usage periods may be known, for

example, because they were explicitly reported as usage periods by the users of the mobile

devices. The data in the known usage periods may then be used by a machine learning classifier

to classify other usage periods showing similar acceleration characteristics. In another example,

FIGS. 7B, 8B and 9B may be used by embodiments of the invention to predict mobile device

usage behavior, and those predictions may be compared to FIGS. 7A, 8A, and 9A to determine

their accuracy.



[0108] For example, the data shown in FIGS. 7B, 8B and 9B can be used to compute summary

statistics, such as max, min, mean, med-abs-dev, covariance, percentiles, range, skew, kurtosis,

correlation coefficients, zero crossings, entropy, and/or power. The summary statistics may then

be used to classify future movements of the device as usage periods. Further, the summary

statistics may be used as input features to train a machine learning ensemble. In another

example, the data shown in FIGS. 7B, 8B and 9B can be added to the known usage data to help

classify future usage movements.

[0109] FIGS. A- D are plots of sensor measurements and predicted usage intervals

according to an embodiment of the invention. FIG. 1OA illustrates the speed of a vehicle over

time as measured by mobile device 101 of FIGS. 1 and/or 2 during a trip, for example, as a line.

The shaded areas of FIG. 10A represent predicted device usage periods. FIG. 0B illustrates the

gravity diff angle over time as measured by mobile device 101 of FIGS. 1 and/or 2 during a trip,

for example. FIG. OC illustrates the screen on probabilities over time of mobile device 0 1 of

FIGS. 1 and/ r 2 during a trip, for example. FIG. 10D illustrates the acceleration in the x, y and

z directions over time as measured by mobile device 101 of FIGS. 1 and/or 2 during a trip, for

example.

[0 0] FIG. 1 A is a plot of predicted device usage according to an embodiment of the

invention. The plot of FIG. 11A may be generated as output by device usage engine 256 of FIG.

2, for example, a d/ r by performing any or all of the methods of FIGS. 3-6. FIG. I IB is a plot

of the actual or known device usage according to an embodiment of the invention. As shown in

FIGS. 11A and 1 B, the predicted device usage periods provided by embodiments of the

invention accurately predict actual device usage.

[0111] FIGS. 12-18 provide examples of different types of processes, used by some

embodiments, to collect and analyze movement measurements from mobile device 101. FIG. 2

is a diagram 1200 of a mobile device 101 in a vehicle 1250, according to an embodiment. FIG.

2 depicts a vehicle 1250 having a driver (not shown) where mobile device 10 1 is used to

provide movement measurements that enable estimates of driving behavior.

[0112] In some embodiments, as described in the '603 application, using an extended Kalman

filter applied to movement data from mobile device sensors, a gravity vector (e.g., gravity vector

1240) for a mobile device (e.g., mobile device 101) in a moving vehicle (e.g., vehicle 1250)



moving in the direction indicated by reference numeral 1260. Generally speaking, in a moving

vehicle, the determined gravity vector of the mobile device as a function of time is always

changing.

[0113] To determine a change in the orientation of mobile device 101 relative to vehicle 1250,

some embodiments analyze two gravity' vectors associated with a time point (t), for example,

gravity vectors G(t) before and after the time point (e.g., at t-15 seconds and t+15 seconds). By

comparing these gravity vectors over a time interval, a difference in gravity angle (e.g., measured

in radians), and gravity magnitude can be determined 1240 (respectively termed herein, gravity

angle difference and gravity magnitude difference). It should be appreciated that a larger or

smaller interval can also be used. It is also important to note that, while embodiments described

herein are described as operating on stored data (i.e., after the drive has completed, not in real

time), the components, principles and approaches described herein could also operate in

substantially real-time (e.g., using a t-30 and t-1 5 interval for example to analyze gravity vectors,

or other suitable approach).

[0114] In some embodiments, whether the mobile device remained stationary within the

vehicle during a time interval can be estimated by comparing the determined gravity angle

difference and the determined gravity magnitude difference to one or more thresholds. In an

example of this threshold comparison, having a gravity angle difference above one (I) radian and

a gravity magnitude difference above one (1) g indicate to an embodiment that the mobile device

likely moved relative to the vehicle at time point (t). It is contemplated that different

combinations of threshold values could be used, e.g., different gravity magnitude differences,

different gravity angle differences, and/or requiring multiple consecutive differences over

thresholds before a change i orientation is estimated.

[0115] FIG. 13 is a diagram 1300 of a driver 1340 and a mobile device 101 in a vehicle

according to an embodiment. Mobile device 101 is in a cup holder 1310. Vector 1260 shows the

direction of the vehicle relative to driver 1340. Gravity vector 240 shows that mobile device

101 is angled backwards in cup holder 1310. For some embodiments, this is the starting point of

the drive, e.g., mobile device 101 s placed in cup holder 1310, the drive begins, and any

movement of mobile device 0 1 relative to vehicle 1250 is detected and measured for distraction

potential. Other example starting positions include, but are not limited to: mounted in a mobile



device holder attached to a windshield, rear view mirror, dashboard or other similar vehicle

surface, placed on a seat, in a clothes pocket, and the like. It s important to note that, some

embodiments do not need any indication of where mobile device 0 1 is placed withm a vehicle

in order to perform the movement measurement analysis described herein.

[0116] FIG. 14 is a diagram of a mobile device in a cup holder in a vehicle according to an

embodiment. Differing from the placement of mobile device 101 in the cup holder of FIG. 13,

angle 1450 shows that mobile device 101 is angled to the left (to the driver's right) in the cup

holder 1310. It is important to note that, some embodiments to not need any particular

orientation of mobile device 101 to be able to collect useful movement measurements for

embodiments.

[0117] Vector 1440 illustrates a direction perpendicular to the back (and front) of mobile

device 101. As discussed with the description of FIGS. 17 and 8 below, this vector 1440 is

used by some embodiments to estimate whether a person is interacting with the mobile device,

e.g., typing on a keyboard.

[0118] FIG. 15 is a diagram of a driver 1340, a mobile device 101-1, 101-2 and accelerometer

data according to an embodiment. When sitting in cup holder 3 0, mobile device 101 is

generally not moving relative to the vehicle. Even if mobile device 0 1 moves around within

cup holder 1310, this movement can be subject to a threshold that would be exceeded before

triggering further analysis.

[0119] In contrast to a minor movement example (e.g., sliding around in cup holder 1310),

FIG. 5 shows an example of a move of mobile device 0 1 that could trigger analysis by some

embodiments. In this example, driver 340 takes mobile device 101-1 in hand (hand not

shown), lifts it up, toward him, and to the right. This movement can be detected and analyzed by

accelerometer 112 and gyroscope 138. The measurements collected from this accelerometer

112, as mobile device 101 moves along track 1510, are shown in relation to X axis 1540, Y axis

520 and Z axis 1530. In some embodiments, the movement shown in FIG. 15 is sufficient to

trigger further analysis for distraction potential, e.g., mobile device 101 was mounted, but now it

is moving. Some embodiments assess that this could be because the driver is holding the device

and typing on the screen, or making a phone call without a headset.



j 12 J After mobile device 101 stops moving (e.g., it is moved from position 101-1 to position

101-2), the change in orientation is measured. In this example, after the orientation

measurement, the position 101-2 of mobile device 101 is depicted in FIG. 15. As shown in FIG.

5, mobile device 101 is angled in such a way that it could be used as a telephone, without use of

a hands free device. Based on the orientation 101-2 of mobile device 101, in some

embodiments, the estimated activity is that driver 1340 is holding mobile device 0 1 to her ear,

and thus making a phone call without use of a headset.

[0121] It is worth noting the processes, used by some embodiments, to differentiate between

used of mobile device 101 by the driver of a vehicle and non-drivers, e.g., passengers in either

the front of the vehicle with the driver or in rearward seats. Using the example from FIG. 5,

mobile device 101 in position 101-2 is determined to be pointing at driver 1340, and thus some

embodiments would estimate mobile device 101 was being used by the driver in that position.

Similarly, in a different example, mobile device 101 can be facing the passenger's seat, or rear

seats (with accompanying aecelerometer data suggesting a movement along the Z axis 530 to

the back seats). In this different example, driver 1340 would not be estimated by some

embodiments to be distracted by this movement.

[0122] FIG. is a diagram of a driver 1340 and a mobile device 101 held up toward the

driver for screen viewing according to an embodiment. As another example of measuring

movement and estimating activity, FIG 16 shows a view of driver 1340 from the back and

mobile device 101. In this example, it can be seen that mobile device 101 also undergoes a

significant move (yet shorter than the move discussed with FIG. 15) from cup holder 13 0 to a

position where screen 1620 is facing driver 1340. As with FIG. 15, in some embodiments, this

move can trigger further analysis of the position of mobile device 101 . It is worth noting that,

this analysis first of movement, then of position can, in some embodiments, improve the

efficiency of the process (e.g., by reducing the amount of movement measurements that are

collected and stored for later analysis or by reducing real-time analysis of movement

measurements). It is also important to note that, different types of measurement collection and

analysis can be performed sequentially, simultaneously and/or combinations of the two

approaches.



[0123] FIG. 17 is a diagram of a driver 1340 and a mobile device 101 held up toward the

driver for viewing and touch interface interaction according to an embodiment. This view (e.g.,

from the right side of driver 1340) shows another view of a mobile device 101 orientation where

mobile device 101 is positioned in a way that, in some embodiments, is assessed to be indicative

of a reading or typing action being performed by driver 1340. It is contemplated that some

embodiments can be configured to detect different orientations of mobile device 101 and analyze

these orientations to estimate other types of activities of driver 1340.

[0124] In some embodiments, movement and orientation of mobile device 101 that is similar

to the examples of FIGS. 16 and 17 signal a likelihood that, in addition to viewing screen 1620,

driver 1340 may be interacting with interface elements of mobile device 101 (termed herein as

"interactions" or "touches"). It is contemplated that interactions (e.g., touching a user interface,

typing on a user interface or hardware keyboard, swiping, tapping, and/or other input events) can

be a distracting activity for driver 1340. Some embodiments use different approaches to

determine whether different interactions are occurring.

[0125] FIG. 8 is another diagram of a driver 340 and a mobile device 0 1 held up toward the

driver potentially for viewing and touch interface interaction, according to an embodiment.

Vector 1440, introduced above in an example where mobile device 101 was still in cup holder

1310, is used by some embodiments to detect interactions with driver 340. For example, when

a keyboard (software or hardware) is repeatedly tapped by driver 340, it can cause a frequency

vibration towards vector 1440 in some degree (e.g., detectable by movement sensors, such as

accelerometer 112 and gyroscope 116) (termed herein "device touch movements").

[0126] In another example, detecting a single tap, then a tilting movement in a particular

direction can indicate a swiping gesture to some embodiments. It should be noted that, rather

than using indications from the operating system of mobile device 0 1 to determine specific

application activities (e.g., texting, social media posting, scrolling of content, etc.), some

embodiments use device sensors to detect the underlying (potentially distracting) elements of

these specific activities.

[0 7] It is contemplated that the detection of different interactions or touches can be

measured, tuned and customized for individual users, or can also be tuned for generic users. In

some embodiments, it is a combination of the processes discussed herein (e.g., movement to an



orientation, the orientation, and the detected device touch movements) that lead to the estimates

of different activities.

[0128] Also, in some embodiments, individual processes described herein can lead to

estimates. For example, if device usage movements are detected in mobile device 0 1 while

mobile device 101 is stationary in vehicle 1250 (e.g., as with the example discussed with FIG. 13

where mobile device 101 is in cup holder 1310, or mounted on the vehicle dashboard), the device

usage movements can be such that some embodiments estimate that interaction is occurring with

mobile device 101 by driver 1340 (i.e., device touch movements).

[0129] It should be appreciated that the specific steps illustrated in FIGS. 3-6 provide a

particular method of collecting driving data using a model 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 FIGS. 3-6

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 ar would recognize many variations,

modifications, and alternatives.

[0130] The examples and embodiments described herein are for illustrative purposes only. It

s contemplated that various modifications may be made in light of the embodiments described

herein. These are to be included within the spirit and purview of this application, and the scope

of the appended claims, which follow.



WHAT IS CLAIMED IS:

. A system comprising:

a mobile device comprising a plurality of sensors;

a memory; and

a processor coupled to the memory, wherein the processor is configured to

perform operations including:

obtaining a plurality of movement measurements over a plurality of time

intervals from at least one of the plurality of sensors in the mobile device of a user during a trip

in a vehicle;

classifying a subset of the plurality of movement measurements as mobile

device usage movements based on characteristics of the subset, wherein the mobile device usage

movements are indicative of usage of the mobile device by the user;

filtering the mobile device usage movements; and

outputting the filtered mobile device usage movements.

2 . The system of claim 1, wherein usage of the mobile device by the user

includes interaction with the mobile device by the user.

3 . The system of claim 1, wherein classifying the subset of the plurality of

movement measurements as mobile device usage movements comprises:

determining a time series of usage probabilities over the time intervals based on a

comparison of the obtained plurality' of movement measurements to known usage measurements,

wherein the usage probabilities include probabilities that the user is using the mobile device over

the time intervals.

4 . The system of claim 3, wherein classifying the subset of the plurality of

movement measurements as mobile device usage movements further comprises:

extracting the subset of the plurality of movement measurements corresponding to

the time intervals in which the usage probabilities exceed a threshold.

5 . The system of claim 3, wherein filtering the mobile device usage

movements comprises:



determining that the mobile device is in a mount in the vehicle during the trip by

comparing the obtained plurality of movement measurements to known mount measurements;

determining if a global positioning system (GPS) application is active on the

mobile device by comparing the obtained plurality of movement measurements to known GPA

active data:

flagging the time intervals with usage probabilities greater than a first threshold if

the GPS application is active and the time intervals with usage probabilities greater than a second

threshold if the GPS application is inactive or is not present on the mobile device, wherein the

first threshold is greater than the second threshold; and

consolidating the flagged time intervals within a threshold time period of each

other into continuous usage periods

6 . The system of claim 5, further comprising:

classifying the user of the mobile device as a driver of the vehicle on the trip after

determining that the mobile device is in the mount.

7 . The system of claim 3, wherein filtering the mobile device usage

movements comprises:

determining that the mobile device is not in a mount in the vehicle during the trip

by comparing the obtained plurality of movement measurements to known mount measurements;

determining if the mobile device is in a downward orientation or an upward

orientation for the time intervals using the obtained plurality of movement measurements;

flagging the time intervals with usage probabilities greater than a first threshold if

the mobile device is in the downward orientation and the time intervals with usage probabilities

greater than a second threshold if the mobile device is in the upward orientation, wherein the first

threshold is greater than the second threshold; and

consolidating the flagged time intervals within a threshold time period of each

other into continuous usage periods.

8 . The system of claim 1, wherein filtering the mobile device usage

movements comprises:



extracting the mobile device usage movements that occurred while a screen of the

mobile device was on.

9 . The system of claim 1, further comprising:

determining if the user of the mobile device is a driver of the vehicle on the trip

by comparing the obtained plurality of movement measurements to known driver usage

measurements.

10. The system of claim 1, further comprising:

calculating a score for at least one of the user or the trip using the filtered mobile

device usage movements, wherein outputting the filtered mobile device usage movements

includes outputting the score.

. A method comprising:

obtaining a plurality of movement measurements over a plurality of time intervals

from at least one of a plurality of sensors in a mobile device of a user during a trip in a vehicle;

classifying a subset of the plurality of movement measurements as mobile device

usage movements based on characteristics of the subset, wherein the mobile device usage

movements are indicative of usage of the mobile device by the user;

filtering the mobile device usage movements; and

outputting the filtered mobile device usage movements.

12. The method of claim 11, wherein usage of the mobile device by the user

includes interaction with the mobile device by the user.

3. The method of claim 11, wherein classifying the subset of the plurality of

movement measurements as mobile device usage movements comprises:

determining a time series of usage probabilities over the time intervals based on a

comparison of the obtained plurality of movement measurements to known usage measurements,

wherein the usage probabilities include probabilities that the user is using the mobile device over

the time intervals.

14. The method of claim 13, wherein classifying the subset of the plurality of

movement measurements as mobile device usage movements further comprises:



extracting the subset of the plurality of movement measurements corresponding to

the time intervals in which the usage probabilities exceed a threshold.

5. The method of claim 13, wherein filtering the mobile device usage

movements comprises:

determining that the mobile device is in a mount in the vehicle during the trip by

comparing the obtained plurality of movement measurements to known mount measurements;

determining if a global positioning system (GPS) application is active on the

mobile device by comparing the obtained plurality of movement measurements to known GPA

active data:

flagging the time intervals with usage probabilities greater than a first threshold if

the GPS application is active and the time intervals with usage probabilities greater than a second

threshold if the GPS application is inactive or is not present on the mobile device, wherein the

first threshold is greater than the second threshold; and

consolidating the flagged time intervals within a threshold time period of each

other into continuous usage periods.

16. The method of claim 15, further comprising:

classifying the user of the mobile device as a driver of the vehicle on the trip after

determining that the mobile device is in the mount.

17. The method of claim 13, wherein filtering the mobile device usage

movements comprises:

determining that the mobile device is not in a mount in the vehicle during the trip

by comparing the obtained plurality of movement measurements to known mount measurements;

determining if the mobile device is in a downward orientation or an upward

orientation for the time intervals using the obtained plurality of movement measurements;

flagging the time intervals with usage probabilities greater than a first threshold if

the mobile device is in the downward orientation and the time intervals with usage probabilities

greater than a second threshold if the mobile device is in the upward orientation, wherein the first

threshold is greater than the second threshold; and



consolidating the flagged time intervals within a threshold time period of each

other into continuous usage periods.

1 . The method of claim 11, wherein filtering the mobile device usage

movements comprises:

extracting the mobile device usage movements that occurred while a screen of the

mobile device was on.

9. The method of claim 11, further comprising:

determining if the user of the mobile device is a driver of the vehicle on the trip

by comparing the obtained plurality of movement measurements to known driver usage

measurements.

20. The method of claim 11, further comprising:

calculating a score for at least one of the user or the trip using the filtered mobile

device usage movements, wherein outputting the filtered mobile device usage movements

includes outputtmg the score.
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