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CONFIGURING A TERMINAL DEVICE ACCORDING TO A CONTEXT DETERMINED BY CORRELATING
DIFFERENT DATA SOURCES

BACKGROUND

[0001] Aspects of the disclosure relate to electronic context determination. In
particular, devices, systems, and methods for determining the context of an electronic

device using sensor or application data available for analysis by a context engine.

[0002] In today’s high-paced society, people can participate in a myriad of activites,
visit dozens of places, and interact with tens to hundreds of people — all within a single
day. Accurately estimating a person’s situation or context may allow services or

functionalities to be selectively presented or implemented.

[0003] Many mobile devices now include applications and sensors to collect
information about an environment in which the device is operating and react to or
change operational characteristics based upon that information. Such context awareness
capabilities are becoming more and more prevalent in the communications industry.
However, the large number of potential contexts makes it difficult to reliably and

accurately estimate contexts.

[0004] Current context systems infer context from sensor data either instantancously
or by averaging instantaneous contexts over time. Instantancously inferring contexts is
challenging due to noisy mappings between user context and data. For example,
although when a user is in a meeting the most common output of a speech detector
might be speech (as opposed to ‘no speech’), the most common device motion state
might be device at rest, and there may typically be many Bluetooth devices within
range, it is still possible that at the time these low-level features/inferences are
computed, speech may be determined to be not present, the motion state may reveal the
device to not be at rest, and there may be no Bluetooth devices within range. For an
instantaneous context then, any single determination may be in error due to expected
noise or abnormalities in context information. Merely filtering to average out these
noise or abnormal readings, however, comes at the cost of dynamic response. When a
boundary between two different contexts is crossed, the inference is blurred out and

performance degrades.
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[0005] There is a growing need for new and useful techniques and structures for

implementing context awareness in communication devices.

BRIEF SUMMARY

[0006] Embodiments described herein related to determining or inferring a context
in which a device is operating. Such a determination may optimize device functionality
based on context, and may further alter an interface provided by the device.

Emobiments may particularly be directed to identifying and responding to changes in
such inferred contexts. One potential embodiment is a method comprising accessing
first context information associated with a first duration; accessing second context
information to determine a context segmentation boundary; and aggregating the first
context information and the second context information to generate an inferred
segmented aggregated context.

[0007] Additional such embodiments may function where the first context
information is ambient sound from a microphone and wherein the second context
information is speech information from the microphone. Additional such embodiments
may further include obtaining the first context information associated with the first
duration at a mobile device using one or more sensors; and obtaining the second context
information using second sensors different from the one or more sensors, wherein the

second sensors are at the mobile device or a different device.

[0008] Additional such embodiments may function where aggregating the first
context information and the second context information to generate the inferred
segmented aggregated context comprises resetting an average inferred context to begin

an average context starting at a time associated with the context segmentation boundary.

[0009] Additional such embodiments may function where the time associated with
the context segmentation boundary comprises a time at which the context segmentation
boundary was detected; and where a mobile device context setting associated with the
inferred segmented aggregated context is delayed for a predetermined time following

identification of the context segmentation boundary.

[0010] Still further embodiments of such a method may function where aggregating
the first context information and the second context information to generate the inferred

segmented aggregated context comprises associating the first context information with a
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first potential context; determining that the second context information is inconsistent
with the first potential context; and identifying the inferred segmented aggregated
context, the inferred segmented aggregated context being consistent with the second

context information and different from the first potential context.

[0011] Still further examples of such embodiments may function where accessing
the second context information to determine the context segmentation boundary
comprises computing individual context inferences of limited temporal relevance to

identify expected context transitions.

[0012] Another alternate embodiment of a method may comprise determining, by a
first computing device, a first set of context inferences covering a first time period,
wherein the first set of context inferences is determined from sensor data; and
determining from the first set of context inferences, a context segmentation boundary
associated with a first time delineating a first context prior to the first time from a
second context following the first time within the first time period. Such a method
further includes determining, by the first computing device, a second context inference
from the sensor data associated with a second time following the first time within the
first time period; determining an inferred segmented aggregated context from the
second context and the second context inference; and selecting a set of device settings

for the first computing device based on the inferred segmented aggregated context.

[0013] Such embodiments may further include identifying the context segmentation
boundary from calendar data prior to determining the context segmentation boundary
from the first context information or identifying the context segmentation boundary
from social networking check-in data prior to determining the context segmentation

boundary from the first context information.

[0014] Further embodiments of such a method may function where the sensor data
comprises microphone data detected based on an audio environment of the first
computing device or where the sensor data comprises location data detected based on a
location of the first computing device. Still further embodiments of such a method may
function where the sensor data comprises Bluetooth identifiers associated with
Bluetooth devices proximate to the first computing device or where the sensor data
comprises accelerometer data and wherein the context segmentation boundary is

detected based on a change in the accelerometer data.



WO 2013/169792 PCT/US2013/039967

[0015] Still further embodiments of such a method may function where the inferred
segmented aggregated context is computed from the first set of context inferences and
the second context inference by selecting a most commonly occurring individual context
inference over a second time period, wherein the second time period is a subset of the

first time period.

[0016] Still further embodiments of such a method may include determining a
confidence value associated with the inferred segmented aggregated context; and
determining that the confidence value is above a confidence threshold prior to selecting
the set of device settings for the first computing device based on the inferred segmented

aggregated context.

[0017] Additional embodiments of such a method may function where the inferred
segmented aggregated context is computed from individual context inferences of the
first set of context inferences and the second context inference by averaging a likelihood
or a log-likelihood associated with each potential context, and outputting a highest value

context as the inferred segmented aggregated context.

[0018] Additional embodiments of such a method may function where the
confidence value is computed as a function of averaged likelihood or averaged log-

likelihood values for each potential context.

[0019] In another potential embodiment, a mobile device includes a processor; a
first sensor coupled to the processor; and a non-transitory storage medium coupled to
the processor. In such an embodiment, the storage medium includes instructions that
when executed by the processor cause the mobile device to: access first context
information associated with a first duration from the first sensor; access second context
information to determine a context segmentation boundary; and aggregate the first
context information and the second context information to generate an inferred

segmented aggregated context.

[0020] Additional embodiments of such a device may function where the first
sensor comprises a microphone and wherein the first context information comprises
sound information recorded by the microphone; and wherein the second context
information comprises a meeting reminder stored in a calendar within the storage

medium as part of a calendar application operated by the processor.
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[0021] In another potential embodiment, a device includes a means for determining
a first set of context inferences covering a first time period, wherein the first set of
context inferences is determined from sensor data; means for determining from the first
set of context inferences, a context segmentation boundary associated with a first time
delineating a first context prior to the first time from a second context following the first
time within the first time period; means for determining a second context inference from
the sensor data associated with a second time following the first time within the first
time period; means for determining an inferred segmented aggregated context from the
second context and the second context inference; and means for selecting a set of device

settings based on the inferred segmented aggregated context.

[0022] Additional embodiments of such a device may include means for identifying
the context segmentation boundary from calendar data prior to determining the context
segmentation boundary from the first context information. Additional embodiments of
such a device may include means for determining a confidence value associated with the
inferred segmented aggregated context; and means for determining that the confidence
value is above a confidence threshold prior to selecting the set of device settings based
on the inferred segmented aggregated context, wherein the inferred segmented
aggregated context is computed from individual context inferences of the first set of
context inferences and the second context inference by averaging a likelihood or a log-
likelihood associated with each potential context, and outputting a highest value context

as the inferred segmented aggregated context.

[0023] Another embodiment may comprise a non-transitory computer readable
medium including computer readable instructions that, when executed by a processor,
cause a device to implement a method comprising: determining, by the device, a first
set of context inferences covering a first time period, wherein the first set of context
inferences is determined from sensor data; determining from the first set of context
inferences, a context segmentation boundary associated with a first time delineating a
first context prior to the first time from a second context following the first time within
the first time period; determining, by the device, a second context inference from the
sensor data associated with a second time following the first time within the first time
period; determining an inferred segmented aggregated context from the second context
and the second context inference; and selecting a set of device settings for based on the

inferred segmented aggregated context.
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[0024] Additional embodiments of such a computer readable medium may function
where determining from the first set of context inferences, the context segmentation
boundary associated with the first time delineating the first context prior to the first time
from the second context following the first time within the first time period comprises
identifying a movement across a door threshold to enter a room. Still further
embodiments may function where the inferred segmented aggregated context comprises

a meeting context associated with the room.

[0025] While certain embodiments are described above and additional embodiments
are detailed as examples, it will be apparent to one of ordinary skill in the art that
additional embodiments may be structured differently from the specifically described

examples while remaining within the scope of the innovations claimed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Aspects of the disclosure are illustrated by way of example. In the

accompanying figures, like reference numbers indicate similar elements, and:

[0027] FIG. 1A illustrates a system diagram of a context engine for use in one

potential embodiment;

[0028] FIG. 1B illustrates a system for control of applications in a device according

to one potential embodiment;

[0029] FIG. 2 illustrates a mobile device for use with a context system in

accordance with various embodiments;

[0030] FIG. 3A illustrates changes in an inferred context for a system using context

segmentation boundaries in accordance with one potential embodiment;

[0031] FIG. 3B illustrates changes in an inferred context for a system not using

context segmentation boundaries in accordance with an embodiment;

[0032] FIG. 3C illustrates a method of determining an aggregated context in

accordance with one potential embodiment;

[0033] FIG. 4 describes a method of determining an aggregated context in

accordance with one potential embodiment;
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[0034] FIG. 5 describes a method of determining an aggregated context in

accordance with one potential embodiment; and

[0035] FIG. 6 illustrates an example of a computing system in which one or more

aspects may be implemented according to various embodiments.

DETAILED DESCRIPTION

[0036] Several illustrative embodiments will now be described with respect to the
accompanying drawings, which form a part hercof. While particular embodiments, in
which one or more aspects of the disclosure may be implemented, are described below,
other embodiments may be used and various modifications may be made without

departing from the scope of the disclosure or the spirit of the appended claims.

[0037] Embodiments are directed to inferring a context in which a device is
operating using multiple streams of context data and context segmentation boundaries to
identify changes in context. For example, depending on the magnitude and type of
noise detected by a microphone, certain contexts may be influenced or inferred.
Background noise from multiple voices may indicate a certain ongoing context, while a
door closing noise may indicate a transition. Information from other sensors may
additionally be used or aggregated to provide additional confidence in an inferred
context. In one potential embodiment, for example, a mobile device may constantly
monitor sound information using a microphone. In conjunction with other context
information, such as calendar and location information, the device may determine that
the context is “alone typing in an office” and present an appropriate operating mode
based on this context. While sound context data of typing may be periodically
interrupted by short phone calls or conversation, the overall average context for a period
of time may remain constant. This may allow certain rules to be automatically
instituted, such as call screening rules, alert sounds for priority e-mails or text messages,
or specific screen interfaces. Context segmentation boundaries may be identified as part
of this operation to influence the transition to alternate contexts. For example, while
periodic sounds may come from a person entering the office for a short conversation or
a phone call, context information from a calendar indicating a meeting in conjunction
with increased conversation may transition a context to an “in a meeting” context.
Other context segmentation boundaries may reinforce this transition, such as the sound

of a door closing, sound of multiple voices, or identification of a location in a meeting
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room. Without identification of certain context information as transitional, the device
may struggle to identify contexts in a dynamic environment, and may oscillate quickly
between different contexts. The use of a context segmentation boundary may thus act as
a cue to transition to a new inferred context. The use of multiple streams of context

information may thus provide a smoother context presentation at a device.

[0038] An additional example of a context segmentation boundary may function
using location information and changes in location of a device as context information.
A system may associate an arca or a certain set of location information from global
positioning data or network assisted location services with a certain context. When a
user leaves an area associated with such a context, the change in location identified
using the location context information may function as a context segmentation
boundary. This location context information may further be used with other context
information, such as WiFi signatures, speech with many voices, or calendar data to
identify contexts and changes in context. Detection of a location change, a change in
the number of voices detected, and a change in detected wireless signatures of other
devices at the same time that calendar information indicates the start of a meeting may
provide a high degree of confidence in an inferred context along a context segmentation

boundary associated with these changes.

[0039] As used herein, “context information” refers to data that is received at a
computing system for use in inferring context. Such information may be from hardware
transceivers that directly measure a physical aspect of the environment, such as light,
sound, or device movement. Such information may be considered as coming from
“hard” sensors such as global positioning systems (GPS), microphones, wircless
antennas, accelerometers, magnetometers, gyroscopes, Bluetooth systems, ambient
light monitors, proximity monitors, cameras, pressure sensors, temperature sensors, or
any other such similar hardware sensors. Context information may additionally be
abstract information stored by an application within a device. Calendar, contact, or
profiles identifying other parties or devices interacting with a user or user device may be
examples of such abstract information. Such context information may be considered as
coming from “soft” or “software” sensors such as calendar, email, SMS log, call log,
application usage, or other such device applications functioning as sensors to input data

to a context system.
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[0040] As used herein, “context” is used to describe a situation in which a device is
operating. Examples of contexts include: busy, available, in meeting, traveling in a car,
traveling in a plane, at home, in the office, at the gym, eating, or any other such concept
of an environment. The environment context may then be used by a device to select
settings. For example, if a context is “traveling in a plane” a device may be set to
automatically reply to phone messages indicating that the user is unavailable. If a

context is “in meeting” a ringer may automatically be silenced.

[0041] Similarly, as used herein “inferred context” refers to the computer
implemented decision making by a device to determine what context the device is
currently operating under. Inferred context describe any inference (high or low-level)
that can be made from sensor data. The list of possible contexts may be application
specific to a particular context system or context engine. The contexts may be inferred
from a single sensor (uni-modal data) or from multiple sensors (multi-modal data).
Some sample lists are: enterprise situation inference (in meeting, working alone, lunch,
gym, commuting, lecture); type of motion (vehicular motion, pedestrian motion,
stationary); motion state classification (walking, running, sitting, standing, fiddling,
resting, driving); speech detection (speech, no speech); indoor/Outdoor detection
(indoor, outdoor); meeting detection (in a meeting, not in a meeting); or any other such

context.

[0042] Individual sensors may provide a stream with context information, such that
new and updated context information may be received over time. That context
information may be associated with a number of potential contexts while being
inconsistent with other potential contexts. As used herein, “aggregated context™ refers
to a context that has been derived from multiple sensors to derive a most likely context
given the potential contexts and inconsistent contexts for each stream of context

information.

[0043] As used herein, “context segmentation boundary” refers to context
information indicating an expected change in context that may influence the
determination of an inferred or aggregated context. For example, a start time for a
meeting in a calendar may function as a context segmentation boundary for a transition
from an “available” context to a “busy in meeting” context. While the context does not

necessarily match the exact start time indicated by the meeting, this context
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segmentation boundary may be aggregated with other information to identify the
appropriate transition between contexts. If for example, a user is running late, the
context segmentation boundary may be used with location and noise context
information to more sensitively identify the actual transition time between contexts.
The context segmentation boundary may be a boundary marker determined from the

sensor inputs in an independent manner from the context inferences themselves.

[0044] A context segmentation boundary may also be used to determine the
duration over which the current context inferences should be filtered/averaged. The
assumption in such embodiments is that the context segmentation boundary accurately
captures the point in time at which the current context segment began, but does not
capture information about what the current context is. GPS may, for example, function
as a context segmentation boundary for a change of place. GPS identifies that the user
has transitioned from one place to another. For example, suppose a system functions to
infer a context which is the type of place the user is at (e.g. home vs. work vs. neither).
The context segmentation boundary is placed at the time ¢, at which the user arrives at
the new place. At any point beyond that the place type is inferred by averaging the

context inferences from time #; until the current point in time.

[0045] Clusters of location information for particular inferred contexts may then be
refined over time as additional location information is gathered in conjunction with
certain contexts. For example, if a meeting context is identified at a certain time and
with certain other attendees, the location data may identify specific entrance and exit
locations for a meeting room. When the door location is crossed, the system may use
this as a high value input for context inference, as the door location may function as a
context segmentation boundary. Additional location clustering data gathered over time
may be used for future context inference to more quickly and accurately identify when a
location threshold has been crossed and when a device should adjust an inferred context

based on the movement across such a context segmentation boundary.

[0046] For other locations with less well defined boundaries, a greater amount of
location data or other context information may be required. A greater amount of
location clustering data may eventually identify boundaries for an open space such as a
public park that is associated with a particular context. For such locations, identifying

an entry or exit from the context area may be less specific, and may receive a lower
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weight in a decision inferring context using multiple types of context information to
verify or calculate confidence that the user is operating in a particular inferred context
and that the context segmentation boundary for the location is meaningful for a current

inferred context.

29 &

[0047] As used herein, the terms “computer,” “personal computer” and “computing
device” refer to any programmable computer system that is known or that will be
developed in the future. In certain embodiments a computer will be coupled to a
network such as described herein. A computer system may be configured with
processor-executable software instructions to perform the processes described herein.

Figure 6 provides additional details of a computer as described below.

29 <

[0048] As used herein, the term “component,” “module,” and “system,” is intended
to refer to a computer-related entity, either hardware, a combination of hardware and
software, software, or software in execution. For example, a component may be, but is
not limited to being, a process running on a processor, a processor, an object, an
executable, a thread of execution, a program, and/or a computer. By way of illustration,
both an application running on a server and the server may be a component. One or
more components may reside within a process and/or thread of execution and a

component may be localized on one computer and/or distributed between two or more

computers.

[0049] FIG. 1A describes one potential implementation of a context engine 100 that
may function to create inferred and/or aggregated context decisions. Context engine
100 includes user input module 110, knowledge module 120, learning module 130,
context information module 140, probabilistic inference module 150, text processing

module 160, reasoning module 170, and decision module 180.

[0050] User input module 110 may function as any input system for receiving user
settings for a context system. In certain embodiments, user input module 110 may
include a user registration for a context service, including an input of user registration
information via a web server or other such registration services. User input module 110
may also function to receive user context selections and settings for storage in
knowledge module 120. For example, a user may identify particular contexts which the
user wants to have automatically inferred by context engine 100. The user may

additionally identify settings for each identified context, such as sound settings,



WO 2013/169792 PCT/US2013/039967
12

application settings, and user interface settings that may change between different
contexts. The user may also specifically identify contexts not to be inferred, and may
also identify a default context and device settings for a default context to be used when

the context engine 100 is unable to adequately infer a context.

[0051] Knowledge module 120 may include a record of models, rules, and context
history to improve context decision making. As shown in FIG. 1A, knowledge module
may include rules and constraints 122, semantic models 124, and knowledge base 126.
Rules and constraints may be rules and limits set by a device on device control available
to a context system upon determination of an aggregated context decision. Rules and
constraints 122 may also include user settings. Semantic models 124 may include
tailored or customizable rules for context information when text is used to infer context.
For example, in certain embodiments “coffee” in a calendar may be interpreted to be
equivalent to “meeting” or a particular type of meeting. Specific language usage
identified over time as associated with particular contexts may also be included in
semantic models 124, as a learning module 130 identifies, updates, and improves
context decision making based on context information, and stores learned information in

knowledge base 126.

[0052] Learning module 130 may thus identify errors or misassignment of inferred
contexts in order to improve future operation of context engine 100. Such errors may be
identified in response to user feedback, or may be identified by contexts changing in
unexpected ways, or by user device usage out of character with a current inferred
context. Such learning may additionally be an option set by a user to allow learning
module 130 to automatically update rules and constraints 122 based on learned

successes in inferring contexts.

[0053] Context information module 140 may serve to gather context information
from sensors, and to communicate that information to various analysis modules for use
in inferring context. Probabilistic inference module 150, text processing module 160,
and reasoning module 170 may each comprise different methods for inferring context
from context information. Probabilistic inference module 150 may include analysis of
expectations that may be derived from context data, and text processing module may
parse text information that is received as context information to identify contexts which

are consistent with the identified text. All of this information, including multiple



WO 2013/169792 PCT/US2013/039967
13

streams of context information and various inferences or intermediate context inferences
may be communicated to a reasoning module 170 which may use predefined rules with
learned rules and context knowledge or history to analyze context information in
various forms. Decision module 180 may then identify one or more final inferred
context or aggregated context decisions from all of the received context information and
analysis. In certain embodiments, for example, certain contexts may be related, and
compatible, such that multiple contexts and their associated rules be selected at the same

time, as is discussed further with respect to FIG. 1B.

[0054] In certain embodiments, this decision from decision module 180 may be that
there is excessive uncertainty, and no inferred context may be identified. In one
example embodiment, multiple potential contexts may be identified by reasoning
module 170, and a score assigned to cach potential context. If the highest score is
below a threshold set by rules and constraints 122, then the decision module 180 may

set a default context as no aggregated context was identified.

[0055] FIG. 1B further illustrates a context system which may operate in
conjunction with a context engine 100 described in FIG. 1A. FIG. 1B includes context
engine 100, potential inferred contexts 196, and applications 198. In one potential
embodiment, these may all exist on a single mobile device. In alternate embodiments,
different modules of a context engine or contexts inferred by a context engine may be
implemented on a device networked to the mobile device, and may communicate with
the mobile device via a network. When a final inferred context or aggregated context is
identified from all potential inferred contexts 196 by context engine 100, the system

may function to call or provide particular settings to selected applications 198.

[0056] For example, in certain embodiments if “busy” is identified as the
aggregated context, the instant messaging may have certain settings invoked. If
“important meeting” is the aggregated context, then certain calling rules may be
invoked, and rules associated with the “busy” context may also be invoked, since the
contexts are associated. Similarly, if “jogging” is identified as an aggregated context,
the miles tracker application on a mobile device may be activated, and a sports authority
application may also be automatically invoked. Similarly, privacy settings for particular
applications or an entire device may be set for applications 198 depending on the

identified aggregated context output from context engine 100. Thus a context system
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may operate to provide functionality via applications 198 in response to context engine

100 identifying one or more contexts from potential inferred contexts 196.

[0057] FIG. 2 is block diagram illustrating one potential embodiment of a mobile
device that may be used in conjunction with embodiments described herein. Such
mobile devices may include hardware, software, or firmware to implement all or part of
a context inference system, either alone or in conjunction with additional networked
computing devices. Such a context system may be a mobile device 200, which may be
any mobile device such as a smart phone, cellular phone, personal digital assistant,
tablet computer, personal media player as well as any other type of portable electronic
device offering similar or combined functionality. Such a mobile device 200 may

implement any aspects of context engine 100 or applications 198 as shown in FIG. 1.

[0058] It should be appreciated that device 200 may also include tactile buttons, a
power device (e.g., a battery), as well as other components typically associated with a
portable electronic device. Accordingly, FIG. 2 is not to be construed as limiting

because some components are omitted.

[0059] In the embodiment shown at FIG. 2, device 200 includes processor 210
configured to execute instructions for performing operations at a number of components
and can be, for example, a general-purpose processor or microprocessor suitable for
implementation within a portable electronic device. Processor 210 is communicatively
coupled with a plurality of components within mobile device 200. To realize this
communicative coupling, processor 210 may communicate with the other illustrated
components across a bus 240. Bus 240 can be any subsystem adapted to transfer data
within mobile device 200. Bus 240 can be a plurality of computer buses and include

additional circuitry to transfer data.

[0060] Memory 220 may be coupled to processor 210. In some embodiments,
memory 220 offers both short-term and long-term storage and may in fact be divided
into several units. Memory 220 may be volatile, such as static random access memory
(SRAM) and/or dynamic random access memory (DRAM) and/or non-volatile, such as
read-only memory (ROM), flash memory, and the like. Furthermore, memory 220 can
include removable storage devices, such as secure digital (SD) cards. Thus, memory

220 provides storage of computer readable instructions, data structures, program
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modules, and other data for mobile device 200. In some embodiments, memory 220

may be distributed into different hardware modules.

[0061] In some embodiments, memory 220 stores a plurality of application modules
221A-221M. Application modules 221A-221M contain particular instructions to be
executed by processor 210. Memory 220 can store any number of application modules.
A respective one of application modules 221A-221M can be, for example, a calendar
application, a map location application, a power management application, a smart alert
application, a social media application (e.g., Twitter™ or Facebook™), an
accelerometer application, a weather application, a temperature presentation application,
or any application-type module having instructions to be executed by processor 210. In
certain embodiments, sensors operated by a mobile device may have associated
applications, such that context information from sensors operated by mobile device 200

may be accessed by an application rather than directly from a sensor or sensor firmware.

[0062] In one potential embodiment, context inference systems may operate as a
special context module 22IN. Such a module may implement any operation,
determination, or calculation associated with determining a context of mobile device
200 as described in various embodiments. For example, context module 221N may
gather context information from sensors and other applications, determine inferred
contexts from individual sets of context information, identify context segmentation
boundaries, aggregate context information to determine an aggregated context, and
control context based changes to mobile device 200 such as varying interface settings

based on an aggregated context.

[0063] In some embodiments, memory 220 includes an operating system 223.
Operating system 223 may be operable to initiate the execution of the instructions
provided by application modules 221A-221N and/or manage hardware modules 201-
502. Operating system 223 may be adapted to perform other operations across the
components of device 200 including threading, resource management, data storage

control and other similar functionality.

[0064] In some embodiments, mobile device 200 includes one or more wircless
modules 212. Wireless modules 212 may include a Wi-Fi transceiver, a transceiver for
communicating with cellular telephone towers, or any other such module for

implementing wireless communications. Such wireless modules 212 may be used as
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part of mobile device 200 and applications 201-202 to communicate with servers which
may assist in context determination. For example, in certain embodiments, context
module 221N may communicate context information over wireless module 212 to
assistance servers which may assist in determining an aggregated context. Analyzed
data or context associated information may then be returned to mobile device 200 via

wireless module 212 for setting an aggregated context at mobile device 200.

[0065] Additionally, in some embodiments, mobile device 200 includes a plurality
of hardware modules 201-202. Each of hardware modules 201-202 is a physical
module within device 200. However, while each of hardware modules 201-202 is
permanently configured as a structure, a respective one of hardware modules 201-202
may be temporarily configured to perform specific functions or temporarily activated.
A common example is an application module that may program a camera module (i.e.,
hardware module) for shutter release and image capture. A respective one of hardware
modules 201-202 can be, for example, an accelerometer, a satellite navigation system
receiver (e.g., a GPS module), a pressure module, a temperature module, an audio
output and/or input module (e.g., a microphone), a camera module, a proximity sensor,
an alternate line service (ALS) module, a capacitive touch sensor, a near field
communication (NFC) module, a Bluetooth transceiver, a cellular transceiver, a
magnetometer, a gyroscope, an inertial sensor (e.g., a module the combines an
accelerometer and a gyroscope), an ambient light sensor, a relative humidity sensor, or
any other similar module operable to provide sensory output and/or receive sensory
input. In some embodiments, one or more functions of the hardware modules 201-202

may be implemented in firmware or software as various modules.

[0066] In addition to hardware modules 201-202 and application modules 221A-
221M, mobile device 200 may have a display module 203 and a user input module 204.
Display module 203 graphically presents information from device 200 to the user. This
information may be derived from one or more application modules 221A-221M, one or
more hardware modules 201-202, a combination thereof, or any other suitable means for
resolving graphical content for the user (e.g., by operating system 224). Display
module 203 can be liquid crystal display (LCD) technology, light emitting polymer
display (LPD) technology, or some other display technology. In some embodiments,

display module 203 is a capacitive or resistive touch screen and may be sensitive to
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haptic and/or tactile contact with a user. In such embodiments, the display module 203

can comprise a multi-touch-sensitive display.

[0067] Additional embodiments of a mobile device may further comprise various

portions of computing devices as are detailed below with respect to FIG. 6.

[0068] FIGs. 3A and 3B describe two separate timelines of inferred contexts. FIG.
3A shows inferred context timeline 300A with context segmentation boundaries 310
and 320 which may be used to determine contexts as part of inferred context timeline
300A included, and where individual inferred contexts at each arrow are an average or
function of all contexts since the occurrence of the last context segmentation boundary.
FIG. 3B shows inferred context timeline 300B. In timeline 300B, each arrow is
associated with an individually determined context that is unrelated to previously
determined inferred contexts, unlike the averaged inferred contexts of timeline 300A.
In each timeline, the time is shown as increasing to the right, with periodic arrows

2

showing a context as either “not in meeting” or “in meeting.” Each context label may
be associated with an output decision from a context engine identifying an inferred
context at a particular time. While in FIG. 3, these individual contexts for a particular
time are shown as periodic, in various alternative embodiments, such inferred context
decisions may be non-periodic, continuous, or such decisions on inferred context may
be made according to any timing.

[0069] As described above, context segmentation boundaries in FIG. 3A may
function to reset an averaging of context information, essentially acting as a trigger that
a context may be changing, and that past context information may not be relevant to a
current context, and so removing past context information form consideration in
inferring a context may be helpful. While individual context inferences a shown in FIG.
3B shown individual inferences changing, an averaged inference with the average reset
at a context segmentation boundary in timeline 300A shows a much more smooth
response to an average change in inferred contexts. Similarly, an inferred context
timeline that would show an averaged context of timeline 300B without the use of

context segmentation boundaries would take significantly longer to transition from a

“not in meeting” context to an “in meeting” context than is shown in timeline 300A.

[0070] Figure 3C then describes a method of inferring context using context

segmentation boundaries in accordance with an embodiment. In 350, context data or
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information is input to a context system. A first path identifies context segmentation
boundaries while a second path repeatedly computes instantaneous inferred contexts. In
the first element 360, a feature set relevant to identifying context segmentation
boundaries is determined from the input data. This may include all context information,
or may include only certain context information relevant to identifying context

segmentation boundaries.

[0071] In element 362, context data from the first computed feature set is analyzed
to identify a context segmentation boundary. This may be as simple as identifying a
calendar entry received from a soft sensor calendar application. In other embodiments,
continuous streams of context information may be analyzed to identify a context
segmentation boundary. There are various algorithmic techniques for computing the
context segmentation boundaries. Two potential techniques are 1) change-point

detection and 2) temporal clustering.

[0072] Change-point detection may involve detecting that the current features have
been consistently taken on distinctly different values than at an earlier time. In a
probabilistic setting this problem can be stated as detecting that the underlying
distribution from which the current features are being drawn is distinctly different from
the underlying distribution from which the features were drawn at an earlier time.

[0073] Temporal clustering refers to grouping data points that appear similar in
some feature space and/or occur at similar times. For example, if the data stream
consists of a trace of latitude and longitude coordinates obtained by performing GPS
fixes, clustering would involve grouping the fixes into a finite number of places that the
mobile device visits and spends time at. Thus one distinct segment of consecutive fixes
may correspond to a user of the mobile device being at home, and may belong to the
same cluster as a second distinct segment of consecutive fixes that occurs on a different
day, when the user is again at home. Another cluster may correspond to fixes obtained

when the user of the mobile device is at work.

[0074] There are several specific examples of different data streams that may be
clustered. For example, audio environment data may be clustered. This may consist of
batches of microphone data, with ecach batch obtained over duration. In one
embodiment, the duration may be one minute. Each cluster may corresponds to a

distinct audio environment. One cluster may identify typing noise, one cluster may
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identify two or three party communications, one cluster may identify car noise, and one
cluster may identify large group conversation. A change from one cluster to another
may be identified as a context segmentation boundary. Additionally clustering may be
coupled with direct sensor detection of context information to provide multiple context
segmentation boundaries at a particular time. For example, the sound of a door closing
may be direct context information identified as a context segmentation boundary, and

may be accompanied by a cluster change in audio data.

[0075] In one specific example of audio clustering, up to L clusters may be
identified, and z, may represents the unknown cluster ID of the audio environment
during the tth minute of the day. Audio features computed from the raw audio data
stream observed during the tth minute of the data such as Mel-Frequency Cepstral
Coefficients (MFCCs.) MFCCs from context information may then be used as audio
features for identifying clusters and changes between clusters. MFCCs are well known
in the art for use in speech recognition. In such an embodiment, the cluster ID at a given
point in time is a function of the cluster ID at the previous point in time in conjunction

with detected MFCCs.

[0076] In another example, location coordinates may be used as clusters. These may
be obtained through location fixes such as fixes from GPS or network enabled location
assistance data. Each coordinate cluster may correspond to a macro place (i.c. a place

the size of a building) that a user visits.

[0077] WiFi fingerprints may also function as clusters of context information. These
may consist of sets of visible WiFi access points, their respective RSSI’s (i.e. signal
strengths), and their respective response rates (i.e. fraction of the time they are visible
when successive scans take place). Each cluster corresponds to a micro place (i.e. a

place the size of a room) that a user visits.

[0078] Bluetooth fingerprints may also function as clusters of context information.
These may consist of sets of visible BT devices, their respective RSSI’s, their device
class, and their respective response rates. Each cluster corresponds to a distinct

Bluetooth environment.

[0079] Motion states may be clustered as well. This consists of batches of
accelerometer and/or gyroscope and/or magnetometer data, each batch obtained over a

duration of 10-30s or so. Each cluster correspond to a distinct set of motions. Many
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other techniques for clustering context information to identify context segmentation
boundaries as context information transitions between clusters will be apparent in

conjunction with the details provided herein.

[0080] Returning to FIG. 3C, then, context segmentation boundaries may be
determined in 362 by any number of means, such as direct receipt of a context
segmentation boundary from sensor data, change point detection, or detection of a
change associated with a data cluster as described above. When a new context
segmentation boundary is detected by any means in 364, the base time from which
individual contexts are used to calculate an averaged context is updated in 366, and in
368 the new base time passed to a function to create a new inferred context in

conjunction with the second path.

[0081] In the second path, the context information from 350 is used to compute a
second feature set. This involves selecting a second set of context information from all
available context information for computing instantaneous context inferences at a
particular time. This feature set of 370 may be the same feature set from 360, or may be
a different feature set. In certain embodiments, features may be different but
complementary. For example, in one potential embodiment, a meeting start time and
end time may be part of feature set one of 360, while a complementary set of calendar
information indicating that a meeting is ongoing may be part of feature set two. In
various embodiments, feature sets may be selected by user preference, if, for example, a
user’s privacy preferences prevent a microphone from detecting a sound at all times, but

a user does not have privacy issues providing a calendar to a context system.

[0082] After the feature set two is determined in 370, the context information from
feature set two may be used to compute an inferred context for a particular time. This
may involve computing potential contexts for context information from individual
sensors, and then aggregating the potential contexts into an aggregated context for a
particular instant in time, or may involve a more complex function of context data from

multiple sensors.

[0083] In 380, the individual determinations of inferred context for a particular
point in time may be averaged from the most recent time at which a context
segmentation boundary was identified. When a new context segmentation boundary is

identified and provided to element 380 from element 368, the average is essentially
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deleted, and a new average is determined starting from the new base time at which the
most recent context segmentation boundary was detected. In element 390, the inferred
segmented aggregated context may be output. As shown in FIGs. 3A and 3B, while the
inferred segmented aggregated context may change, this change is more likely to track
with a context segmentation boundary, and to stabilize until another context

segmentation boundary is identified.

[0084] In one potential embodiment, in place of the instantaneous context inferences
of 372, a context system may compute instantancous context inference distributions. If
at instantancous time ¢ the context takes one of K values (e.g. for simple microphone
context may be speech or no speech, K = 2), then this is a (probability) vector p(t) =
[p1, ..., Px]T where py + -+ + px = 1. The averaging of context inferences from time #
to the current time #¢ is replaced with averaging log(p(t)) over the same time period.
Such a system may provide more detailed information for detecting errors and
improvements to provide to a knowledge module by tracking all potential distributions
of inferred context with probability, and providing feedback to alter weights or function

values for calculating probabilities in future calculations of inferred context.

[0085] In an additional potential alternative embodiment, rather than sclecting an
averaging time to begin at the instant the context segmentation boundary is identified,
the system may instead average inferred contexts for a predetermined amount of time
before allowing a context to change. This may prevent rapid changes in context if a
context segmentation boundary is accompanied by noise or rapid variation in context
information. for example In one instantiation of the invention this is done by waiting a
fixed latency time L before outputting the context inference. Typically the larger L, the

greater the accuracy of the inference.

[0086] In another instantiation this is achieved by waiting a variable latency time,
until the confidence associated with the context inference is above a certain target
threshold. The confidence of the inference can be computed in a number of ways. In one

instantiation the confidence value at time ¢ is computed as follows:

Nte, 108(pi1 (1)) — log(piz(t))
e, log(Pia (8) + 2.5, log(piz (D))

[0087] Where i/ is the context state with the highest value of Ziito log(p;(t)) and

C(t) =

i2 is the context state with the second highest value. In the variable latency approach a
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timer can be set to force an inference output in the event the confidence value never

crosses above the target threshold.

[0088] In another embodiment the system may withhold outputting context
inferences until the current segment ends at which point the average context inference
associated with the entire segment is outputted for the current time point and every

previous time point in the segment.

[0089] Thus as described herein according to certain embodiments, statistical
inferencing solutions may produce instantaneous inferences or inferences over a certain
duration. Similarly, for high level situations, inferences may be done over a much
longer duration. For instance, a meeting may be a situation that typically lasts in the
order of tens of minutes. The underlying low level inferences that contribute to the
inference of a meeting may include things like presence of speech, type of place,
number of attendees, proximity of attendees, etc. However, the presence of speech, for
instance, may be inferred over a few seconds or a few minutes at most. An aggregate
inference of speech then needs to be made over a longer duration to then determine,

along with other contexts, whether the user is in a meeting.

[0090] Systems and techniques of some embodiments of the present invention
aggregate inferences using bounding information to assist in situation awareness. In
some instances, a duration of one context (e.g., a place visit, calendar event duration,
time, etc.) can be used to derive an aggregated-context output for another context. For
example, for a duration of an event on the calendar, an aggregate speech inference can
be produced from multiple individual speech inferences to then reason about whether
the user is in a meeting for that duration. The aggregation can be performed for part or
all of a potential event duration (e.g., a duration of a calendar event or a duration that a

user is at an approximately same place).

[0091] The generated aggregate contexts may then be represented using a flexible
concept model so that it can be used in combination with other contexts for reasoning.
Individual inferences can be collected (e.g., at a client, server, network resource, etc.),
such that one or more aggregated contexts can be genecrated. In some embodiments
some aggregation may be performed by a client and some by network resource(s). In

one embodiment, for example, a client may be a mobile device as described above.



WO 2013/169792 PCT/US2013/039967
23

[0092] Over a first duration (e.g., beginning at a first time and extending for a
particular length of time, beginning at a first time and ending at a second time,
beginning at a time indicated by a particular event and extending for a particular length
of time, etc.), the client may access information generated by one or more sensors that
may be indicative of context, either directly or indirectly (first context information). For
example, an audio sensor may sense information indicative of speech, indicating that the
mobile device is proximate to a person speaking. However, the information may also be
consistent with the user being on a phone call, having a conversation with one other
person, being in a speech-rich environment such as a public venue, or being in a

meeting.

[0093] The client may obtain second context information associated with a second
duration or a second point in time with only limited temporal relevance; the second
context information may be sensor information or other information such as calendar
information. The client may aggregate the first context information and the second
context information to determine an aggregated context. As noted above, for the
example of a meeting, if the user was observed to be in a conference room for 30
minutes, the aggregate speech context may be derived for that duration of the visit. The

first duration and the second duration may be the same or different.

[0094] An aggregated context can be determined using the first and second context
information by implementing a variety of techniques. For example, first context
information could be re-aggregated across the second duration. If, e.g., a calendar event
indicates that a user is to be at a meeting from 1pm to 2pm, but the user’s location is
dramatically changing across this time period, it may be determined that the user is not
at the meeting and that another context is more appropriate. As another example,
simultaneous co-variance between the first and second information can be determined.
If, e.g., a microphone is detecting strong audio signals and a mobile device
simultaneously detects that the device is in an “in-call” state, it may be determined that
the user is on a call rather than engaging in an in-person conversation. As yet another
example, the first and second durations can be compared. Suppose that, e.g., first and
second information are collected so long as the information is substantially non-
changing (e.g., the first information can identify that a mobile device is at a “home”
position for time period #1, and the second information can identify that a mobile device

that no Bluetooth devices are detected within a 10-foot radius during time period #2). If
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the time periods are generally the same, it may be determined that the user is home
alone for the entire time. Otherwise, it may be estimated that the user is initially home

alone, then at home with his family, and then at home during a social gathering.

[0095] FIGs. 4 describes an additional embodiment for determining inferred
segmented aggregated context. In one potential embodiment described by FIG. 4, a
context engine such as context engine 100 may access context information and
determine an associated inferred context for a first time period. In S412, second context
information may be accessed to identify a segmentation boundary from the second
context information. In S414, the first and second context information may be
aggregated, or merged. This may essentially be done by identifying a context consistent
with the first and second context information, or by using the context segmentation
boundary identified with the second context information as a flag that an inferred
context from the first context information may be changing. In S416, an inferred
segmented aggregated context may be generated from the first context information and
the second context information. This may be the same context identified before the

context segmentation boundary, or may be a different context.

[0096] FIG. 5 describes one further additional embodiment for determining an
inferred segmented aggregated context, and applying it to the operation of a mobile
device. In S510, a device user may activate a context engine on a user mobile device to
initiate context sensitive operation and interface with a mobile device. The user may
apply to a website to subscribe to context services as part of such an activation, or may
download an application as part of such activation. The user may further sclect user
settings, defaults, privacy settings, and other similar settings for operation of a context
engine. The user may also provide any required authorizations for the context engine or
application to initiate gather of context information from hard and soft sensors on the

mobile device and to enable access to this context information by the context engine.

[0097] In S512, the context engine may receive context information from multiple
context information sources. As described above, these may be any sort of sensor
providing information relevant to context in which a mobile device is operating. In
S514, a first set of context information is identified for identifying potential contexts in
which the mobile device is operating. In alternate embodiments, any number of

potential contexts consistent with the first set of context information may be identified,
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and similarly particular contexts which are inconsistent with the first set of context

information may be identified to eliminate potential contexts from consideration.

[0098] In S516, second context information is identified, and a context
segmentation boundary is identified as part of the second context information. In S518,
the context engine determines that the second context information is inconsistent with a
first potential context, and in S520, the context engine determines that the second
context information is consistent with the second potential context, at least in part
thereby identifying the second potential context as the inferred segmented aggregated
context. In S522, identification of the second potential context as the inferred
segmented aggregated context is used to transition the device to a new set of features or
device settings based on an association between the particular context and a set of

mobile device settings.

[0100] Figure 6 illustrates an example of a computing system in which one or more
embodiments may be implemented. A computer system as illustrated in FIG. 6 may be
incorporated as part of the previously described computerized devices such as the
mobile device of FIG. 2 or any of the elements of a context engine or context inference
system as described by FIGs. 1A and 1B. Any component of a system according to
various embodiments may include a computer system as described by figure 6,
including various mobile devices or networked devices and servers. Fig. 6 provides a
schematic illustration of one embodiment of a computer system 600 that can perform
the methods provided by various other embodiments, as described herein, and/or can
function as either a mobile device for which a context is being determined or as a
networked computing system which may process context information associated with a
mobile device to determine a context of the mobile device. Fig. 6 is meant only to
provide a generalized illustration of various components, any or all of which may be
utilized as appropriate. Fig. 6, therefore, broadly illustrates how individual system
elements may be implemented in a relatively separated or relatively more integrated

manner.

[0101] The computer system 600 is shown comprising hardware elements that can be
clectrically coupled via a bus 605 (or may otherwise be in communication, as
appropriate). The hardware elements may include one or more processors 610,

including without limitation one or more general-purpose processors and/or one or more
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special-purpose processors (such as digital signal processing chips, graphics
acceleration processors, and/or the like); one or more input devices 615, which can
include without limitation a mouse, a keyboard and/or the like; and one or more output
devices 620, which can include without limitation a display device, a printer and/or the

like.

[0102] The computer system 600 may further include (and/or be in communication
with) one or more non-transitory storage devices 625, which can comprise, without
limitation, local and/or network accessible storage, and/or can include, without
limitation, a disk drive, a drive array, an optical storage device, a solid-state storage
device such as a random access memory (“RAM”) and/or a read-only memory
(“ROM™), which can be programmable, flash-updateable and/or the like. Such storage
devices may be configured to implement any appropriate data stores, including without

limitation, various file systems, database structures, and/or the like.

[0103] The computer system 600 might also include a communications subsystem 630,
which can include without limitation a modem, a network card (wireless or wired), an
infrared communication device, a wireless communication device and/or chipset (such
as a Bluetooth™ device, an 802.11 device, a Wi-Fi device, a WiMax device, cellular
communication facilities, etc.), and/or similar communication interfaces.  The
communications subsystem 630 may permit data to be exchanged with a network (such
as the network described below, to name one example), other computer systems, and/or
any other devices described herein. In many embodiments, the computer system 600
will further comprise a non-transitory working memory 635, which can include a RAM

or ROM device, as described above.

[0104] The computer system 600 also can comprise software elements, shown as being
currently located within the working memory 635, including an operating system 640,
device drivers, executable libraries, and/or other code, such as one or more application
programs 645, which may comprise computer programs provided by various
embodiments, and/or may be designed to implement methods, and/or configure systems,
provided by other embodiments, as described herein. Merely by way of example, one or
more procedures described with respect to the method(s) discussed above might be
implemented as code and/or instructions executable by a computer (and/or a processor

within a computer); in an aspect, then, such code and/or instructions can be used to
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configure and/or adapt a general purpose computer (or other device) to perform one or

more operations in accordance with the described methods.

[0105] A set of these instructions and/or code might be stored on a computer-readable
storage medium, such as the storage device(s) 625 described above. In some cases, the
storage medium might be incorporated within a computer system, such as computer
system 600. In other embodiments, the storage medium might be separate from a
computer system (e.g., a removable medium, such as a compact disc), and/or provided
in an installation package, such that the storage medium can be used to program,
configure and/or adapt a general purpose computer with the instructions/code stored
thereon. These instructions might take the form of executable code, which is executable
by the computer system 600 and/or might take the form of source and/or installable
code, which, upon compilation and/or installation on the computer system 600 (e.g.,
using any of a variety of generally available compilers, installation programs,

compression/decompression utilities, etc.) then takes the form of executable code.

[0106] Substantial variations may be made in accordance with specific requirements.
For example, customized hardware might also be used, and/or particular elements might
be implemented in hardware, software (including portable software, such as applets,
etc.), or both. Moreover, hardware and/or software components that provide certain
functionality can comprise a dedicated system (having specialized components) or may
be part of a more generic system. For example, an activity selection subsystem
configured to provide some or all of the features described hercin relating to the
selection of activities by a context information module 140 can comprise hardware
and/or software that is specialized (e.g., an application-specific integrated circuit
(ASIC), a software method, etc.) or generic (e.g., processor(s) 610, applications 645,
etc.) Further, connection to other computing devices such as network input/output

devices may be employed.

[0107] Some embodiments may employ a computer system (such as the computer
system 600) to perform methods in accordance with the disclosure. For example, some
or all of the procedures of the described methods may be performed by the computer
system 600 in response to processor 610 executing one or more sequences of one or
more instructions (which might be incorporated into the operating system 640 and/or

other code, such as an application program 645) contained in the working memory 635.
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Such instructions may be read into the working memory 635 from another computer-
readable medium, such as one or more of the storage device(s) 625. Merely by way of
example, execution of the sequences of instructions contained in the working memory
635 might cause the processor(s) 610 to perform one or more procedures of the methods

described herein.

[0108] The terms “machine-readable medium” and “computer-readable medium,” as
used herein, refer to any medium that participates in providing data that causes a
machine to operate in a specific fashion. In an embodiment implemented using the
computer system 600, various computer-readable media might be involved in providing
instructions/code to processor(s) 610 for execution and/or might be used to store and/or
carry such instructions/code (e.g., as signals). In many implementations, a computer-
readable medium is a physical and/or tangible storage medium. Such a medium may
take many forms, including but not limited to, non-volatile media, volatile media, and
transmission media. Non-volatile media include, for example, optical and/or magnetic
disks, such as the storage device(s) 625. Volatile media include, without limitation,
dynamic memory, such as the working memory 635. Transmission media include,
without limitation, coaxial cables, copper wire and fiber optics, including the wires that
comprise the bus 605, as well as the various components of the communications
subsystem 630 (and/or the media by which the communications subsystem 630 provides
communication with other devices). Hence, transmission media can also take the form
of waves (including without limitation radio, acoustic and/or light waves, such as those
generated during radio-wave and infrared data communications). Non-transitory
storage media, on the other hand, may not take such forms, and in various embodiments,
any storage medium that participates in providing data that causes a machine to operate

in a specific fashion may be implemented using non-transitory storage media.

[0109] Common forms of physical and/or tangible computer-readable media include,
for example, a floppy disk, a flexible disk, hard disk, magnetic tape, or any other
magnetic medium, a CD-ROM, any other optical medium, punchcards, papertape, any
other physical medium with patterns of holes, a RAM, a PROM, EPROM, a FLASH-
EPROM, any other memory chip or cartridge, a carrier wave as described hereinafter, or

any other medium from which a computer can read instructions and/or code.
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[0110] Various forms of computer-readable media may be involved in carrying one or
more sequences of one or more instructions to the processor(s) 610 for execution.
Merely by way of example, the instructions may initially be carried on a magnetic disk
and/or optical disc of a remote computer. A remote computer might load the
instructions into its dynamic memory and send the instructions as signals over a
transmission medium to be received and/or executed by the computer system 600.
These signals, which might be in the form of electromagnetic signals, acoustic signals,
optical signals and/or the like, are all examples of carrier waves on which instructions

can be encoded, in accordance with various embodiments.

[0111] The communications subsystem 630 (and/or components thereof) generally will
receive the signals, and the bus 605 then might carry the signals (and/or the data,
instructions, etc. carried by the signals) to the working memory 635, from which the
processor(s) 605 retrieves and executes the instructions. The instructions received by
the working memory 635 may optionally be stored on a non-transitory storage device

625 either before or after execution by the processor(s) 610.

[0112] The methods, systems, and devices discussed above are examples. Various
embodiments may omit, substitute, or add various procedures or components as
appropriate. For instance, in alternative configurations, the methods described may be
performed in an order different from that described, and/or various stages may be added,
omitted, and/or combined. Also, features described with respect to certain embodiments
may be combined in various other embodiments. Different aspects and elements of the
embodiments may be combined in a similar manner. Also, technology evolves and,
thus, many of the elements are examples that do not limit the scope of the disclosure to

those specific examples.

[0113] Specific details are given in the description to provide a thorough understanding
of the embodiments. However, embodiments may be practiced without these specific
details. For example, well-known circuits, processes, algorithms, structures, and
techniques have been shown without unnecessary detail in order to avoid obscuring the
embodiments. This description provides example embodiments only, and is not
intended to limit the scope, applicability, or configuration of the invention. Rather, the
preceding description of the embodiments will provide those skilled in the art with an

enabling description for implementing embodiments of the invention. Various changes
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may be made in the function and arrangement of elements without departing from the

spirit and scope of the invention.

[0114] Also, some embodiments were described as processes depicted in a flow with
process arrows. Although each may describe the operations as a sequential process,
many of the operations can be performed in parallel or concurrently. In addition, the
order of the operations may be rearranged. A process may have additional steps not
included in the figure. Furthermore, embodiments of the methods may be implemented
by hardware, software, firmware, middleware, microcode, hardware description
languages, or any combination thereof. When implemented in software, firmware,
middleware, or microcode, the program code or code segments to perform the
associated tasks may be stored in a computer-readable medium such as a storage

medium. Processors may perform the associated tasks.

[0115] Having described several embodiments, various modifications, alternative
constructions, and equivalents may be used without departing from the spirit of the
disclosure. For example, the above elements may merely be a component of a larger
system, wherein other rules may take precedence over or otherwise modify the
application of the invention. Also, a number of steps may be undertaken before, during,
or after the above elements are considered. Accordingly, the above description does not

limit the scope of the disclosure.
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WHAT IS CLAIMED I8S:

1. A method comprising:

accessing first context information associated with a first duration;

accessing second context information to determine a context
segmentation boundary; and

aggregating the first context information and the second context

information to generate an inferred segmented aggregated context.

2. The method of claim 1 wherein the first context information is
ambient sound from a microphone and wherein the second context information is

speech information from the microphone.

3. The method of claim 1, further comprising obtaining the first
context information associated with the first duration at a mobile device using one or

more sensors; and

obtaining the second context information using second sensors different
from the one or more sensors, wherein the second sensors are at the mobile device or a

different device.

4. The method of claim 1, wherein aggregating the first context
information and the second context information to generate the inferred segmented
aggregated context comprises resetting an average inferred context to begin an average

context starting at a time associated with the context segmentation boundary.

5. The method of claim 4 wherein the time associated with the
context segmentation boundary comprises a time at which the context segmentation

boundary was detected; and

wherein a mobile device context setting associated with the inferred
segmented aggregated context is delayed for a predetermined time following

identification of the context segmentation boundary.
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6. The method of claim 1, wherein aggregating the first context
information and the second context information to generate the inferred segmented
aggregated context comprises:

associating the first context information with a first potential context;

determining that the second context information is inconsistent with the
first potential context; and

identifying the inferred segmented aggregated context, the inferred
segmented aggregated context being consistent with the second context information and

different from the first potential context.

7. The method of claim 6, wherein accessing the second context
information to determine the context segmentation boundary comprises computing
individual context inferences of limited temporal relevance to identify expected context

transitions.
8. A method comprising:

determining, by a first computing device, a first set of context inferences
covering a first time period, wherein the first set of context inferences is determined

from sensor data;

determining from the first set of context inferences, a context
segmentation boundary associated with a first time delineating a first context prior to the

first time from a second context following the first time within the first time period;

determining, by the first computing device, a second context inference
from the sensor data associated with a second time following the first time within the

first time period;

determining an inferred segmented aggregated context from the second

context and the second context inference; and

selecting a set of device settings for the first computing device based on

the inferred segmented aggregated context.
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9. The method of claim & further comprising identifying the context
segmentation boundary from calendar data prior to determining the context

segmentation boundary from the first context information.

10. The method of claim 8 further comprising identifying the context
segmentation boundary from social networking check-in data prior to determining the

context segmentation boundary from the first context information.

11. The method of claim 8 wherein the sensor data comprises

microphone data detected based on an audio environment of the first computing device.

12. The method of claim 8 wherein the sensor data comprises

location data detected based on a location of the first computing device.

13.  The method of claim 8 wherein the sensor data comprises
Bluetooth identifiers associated with Bluetooth devices proximate to the first computing

device.

14. The method of claim 8 wherein the sensor data comprises
accelerometer data and wherein the context segmentation boundary is detected based on

a change in the accelerometer data.

15. The method of claim 8 wherein the inferred segmented aggregated
context is computed from the first set of context inferences and the second context
inference by selecting a most commonly occurring individual context inference over a

second time period, wherein the second time period is a subset of the first time period.
16. The method of claim & further comprising:

determining a confidence value associated with the inferred segmented

aggregated context; and

determining that the confidence value is above a confidence threshold
prior to selecting the set of device settings for the first computing device based on the

inferred segmented aggregated context.

17. The method of claim 16 wherein the inferred segmented

aggregated context is computed from individual context inferences of the first set of
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context inferences and the second context inference by averaging a likelihood or a log-
likelihood associated with each potential context, and outputting a highest value context

as the inferred segmented aggregated context.

18.  The method of claim 17 wherein the confidence value is
computed as a function of averaged likelihood or averaged log-likelihood values for

cach potential context.

19. A mobile device comprising:
a processor;
a first sensor coupled to the processor; and

a non-transitory storage medium coupled to the processor, the storage
medium including instructions that when executed by the processor cause the mobile
device to:

access first context information associated with a first duration from the
first sensor;

access second context information to determine a context segmentation
boundary; and

aggregate the first context information and the second context

information to generate an inferred segmented aggregated context.

20. The mobile device of claim 19 wherein the first sensor comprises
a microphone and wherein the first context information comprises sound information

recorded by the microphone; and

wherein the second context information comprises a meeting reminder
stored in a calendar within the storage medium as part of a calendar application operated

by the processor.
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21. A device comprising:

means for determining a first set of context inferences covering a first

time period, wherein the first set of context inferences is determined from sensor data;

means for determining from the first set of context inferences, a context
segmentation boundary associated with a first time delineating a first context prior to the

first time from a second context following the first time within the first time period;

means for determining a second context inference from the sensor data

associated with a second time following the first time within the first time period;

means for determining an inferred segmented aggregated context from

the second context and the second context inference; and

means for selecting a set of device settings based on the inferred

segmented aggregated context.

22. The device of claim 21 further comprising:
means for identifying the context segmentation boundary from calendar
data prior to determining the context segmentation boundary from the first context

information.

23. The device of claim 21 further comprising:

means for determining a confidence value associated with the inferred

segmented aggregated context; and

means for determining that the confidence value is above a confidence
threshold prior to selecting the set of device settings based on the inferred segmented
aggregated context, wherein the inferred segmented aggregated context is computed
from individual context inferences of the first set of context inferences and the second
context inference by averaging a likelihood or a log-likelihood associated with each
potential context, and outputting a highest value context as the inferred segmented

aggregated context.
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24. A non-transitory computer readable medium comprising computer
readable instructions that, when executed by a processor, cause a device to implement a

method comprising:

determining, by the device, a first set of context inferences covering a
first time period, wherein the first set of context inferences is determined from sensor

data;

determining from the first set of context inferences, a context
segmentation boundary associated with a first time delineating a first context prior to the

first time from a second context following the first time within the first time period;

determining, by the device, a second context inference from the sensor

data associated with a second time following the first time within the first time period;

determining an inferred segmented aggregated context from the second

context and the second context inference; and

selecting a set of device settings for based on the inferred segmented

aggregated context.

25. The non-transitory computer readable medium of claim 24, wherein

the sensor data comprises device location data; and

wherein determining from the first set of context inferences, the context
segmentation boundary associated with the first time delineating the first context prior
to the first time from the second context following the first time within the first time

period comprises identifying a movement across a door threshold to enter a room.

26. The non-transitory computer readable medium of claim 25, wherein
the inferred segmented aggregated context comprises a meeting context associated with

the room.
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