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architecture. In one embodiment, a method comprises, at a
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the first motion state, changing, by the first processor, at least
one of the first processor to operate at a second clock rate
sufficient to perform a second motion state algorithm and
changing the first sensor to operate at a second data rate
sufficient to perform the second motion state algorithm,
wherein the second motion state algorithm is used to deter-
mine whether the modality of the computing device is a
second motion state.
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LOW POWER MANAGEMENT OF MULTIPLE
SENSOR INTEGRATED CHIP
ARCHITECTURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Patent
Application No. 61/728,921, filed Nov. 21, 2012, entitled
“LOW POWER MANAGEMENT OF MULTIPLE SEN-
SOR CHIP ARCHITECTURE,” U.S. Provisional Patent
Application No. 61/776,868, filed Mar. 12, 2013, entitled
“LOW POWER MANAGEMENT OF MULTIPLE SEN-
SOR CHIP ARCHITECTURE,” and U.S. Provisional Patent
Application No. 61/827,458, filed May 24, 2103, entitled
“LOW POWER MANAGEMENT OF MULTIPLE SEN-
SOR CHIP ARCHITECTURE,” all of which the contents are
hereby incorporated by reference as if fully set forth below.

FIELD OF USE

The embodiments described herein relate to multiple and
varied communication sensors within an integrated chip
architecture and more particularly to managing sensor data
from the multiple and varied communication sensors.

BACKGROUND

In today’s sophisticated computing devices such as mobile
computing devices, smartphones, tablet computers, and
wearable computing devices many internal sensors are
employed within the computing device. Some of these sen-
sors aid determination of contextual conditions for the com-
puting device. Other sensors aid determination of geographi-
cal location for the computing device. In this regard, some
sensors are better suited for indoor use than outdoor use and
vice versa.

Users of these sophisticated computing devices have come
to rely heavily on the accuracy, robustness, and availability of
these sensors within their computing devices whether they
actively know it or not. There exists a wide range of different
sensors and sensory types, for example: global navigation
satellite system (GNSS) sensors such as global positioning
satellite (GPS) sensors, global navigation satellite system
(GLONASS) sensors and the like, and short range wireless
sensors such as WiFi sensors, near field communication
(NFC) sensors, Bluetooth sensors, radio frequency identifi-
cation (RFID) sensors and the like. In addition there can be
sensors involving motion such as accelerometers, gyro-
scopes, magnetometers, as well as other micro-electro-me-
chanical system devices (MEMS). Imaging sensors, micro-
phone sensors, and proximity sensors may also be employed
within a sophisticated computing device. Further, a sensor
may include a modem, a transceiver, a processor, and the like.

Furthermore, computing devices are typically battery oper-
ated and, as such, power consumption is an important feature
in marketing these devices. Many computing devices are
capable of entering a low power state to conserve battery
power. During the low power state, most of the resources of
the computing device are powered down resulting in limited
capability of the device. Accordingly, there is a need for
improved techniques to allow for low power management of
multiple sensors in an integrated chip architecture for a com-
puting device while, for instance, the computing device is in
a low power state. Furthermore, other desirable features and
characteristics of the present disclosure will become apparent
from the subsequent detailed description and claims, taken in
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conjunction with the accompanying figures and the foregoing
technical field and background.

BRIEF DESCRIPTION OF THE FIGURES

The present disclosure is illustrated by way of examples,
embodiments and the like and is not limited by the accompa-
nying figures, in which like reference numbers indicate simi-
lar elements. Elements in the figures are illustrated for sim-
plicity and clarity and have not necessarily been drawn to
scale. The figures along with the detailed description are
incorporated and form part of the specification and serve to
further illustrate examples, embodiments and the like, and
explain various principles and advantages, in accordance
with the present disclosure, where:

FIG. 1A is a block diagram illustrating one embodiment of
amultiple sensor integrated chip architecture for a computing
device in accordance with various aspects set forth herein.

FIG. 1B is a block diagram illustrating another embodi-
ment of a multiple sensor integrated chip architecture for a
computing device in accordance with various aspects set forth
herein.

FIG. 2 is a block diagram illustrating another embodiment
of a multiple sensor integrated chip architecture for a com-
puting device in accordance with various aspects set forth
herein.

FIG. 3 is a block diagram illustrating a system for perform-
ing contextual engine training with various aspects described
herein.

FIG. 4 is a flow chart of one embodiment of a method of
determining a modality of a computing device having a mul-
tiple sensor integrated chip architecture with various aspects
described herein.

FIG. 5 is a flow chart of another embodiment of a method
of determining a modality of a computing device having a
multiple sensor integrated chip architecture with various
aspects described herein.

FIG. 6 is a flow chart of another embodiment of a method
of determining a modality of a computing device having a
multiple sensor integrated chip architecture with various
aspects described herein.

FIG. 7 is a flow chart of another embodiment of a method
of determining a modality of a computing device having a
multiple sensor integrated chip architecture with various
aspects described herein.

FIG. 8 is a flow chart of another embodiment of a method
of determining a modality of a computing device having a
multiple sensor integrated chip architecture with various
aspects described herein.

FIG. 9 is a flow chart of another embodiment of a method
of determining a modality of a computing device having a
multiple sensor integrated chip architecture with various
aspects described herein.

FIG. 10 is a flow chart of another embodiment of a method
of determining a modality of a computing device having a
multiple sensor integrated chip architecture with various
aspects described herein.

FIG. 11 is a flow chart of another embodiment of a method
of determining a modality of a computing device having a
multiple sensor integrated chip architecture with various
aspects described herein.

FIG. 12 is a flow chart of another embodiment of a method
of determining a modality of a computing device having a
multiple sensor integrated chip architecture with various
aspects described herein.
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FIG. 13 is a flow chart of one embodiment of a method of
performing an algorithm in a computing device having a
multiple sensor integrated chip architecture with various
aspects described herein.

FIG. 14 is a flow chart of another embodiment of a method
of performing an algorithm in a computing device having a
multiple sensor integrated chip architecture with various
aspects described herein.

FIG. 15 is a flow chart of one embodiment of a method of
low-power management of a multiple sensor integrated chip
architecture of a computing device with various aspects
described herein.

FIG. 16 is a flow chart of one embodiment of a method of
determining an accumulated movement of a computing
device having a multiple sensor integrated chip architecture
with various aspects described herein.

FIG. 17 is a ladder diagram showing example signals that
may be exchanged between a geo-fence engine and an accu-
mulated movement algorithm operating in a multiple sensor
integrated chip architecture of a computing device with vari-
ous aspects described herein.

FIG. 18 is a flow chart of one embodiment of a method of
determining a modality of in vehicle for a computing device
having a multiple sensor integrated chip architecture with
various aspects described herein.

FIG. 19 is a flow chart of one embodiment of a method of
determining a modality of out of vehicle for a computing
device having a multiple sensor integrated chip architecture
with various aspects described herein.

DETAILED DESCRIPTION

Described herein is a method for managing processor
analysis of multiple sensors in a computing device that
includes monitoring a first sensor signal that may be coupled
to a sensor hub processor and thereafter comparing the first
monitored sensor signal with a predetermined signature for
establishing a confidence relationship associated with
received sensor signaling from multiple sensors. Alterna-
tively, the first monitored sensor signal may simply be com-
pared with the predetermined signature.

In addition, the efficacy of operation for the multiple sen-
sors may be determined; and a second sensor signal that is
coupled to a low power core may be monitored. The second
monitored sensor signal may be compared with another pre-
determined signature for establishing a confidence relation-
ship associated with received sensor signaling from multiple
sensors. The method confirms that one or more sensors has
met a predetermined confidence state.

In one embodiment, a short range wireless subsystem may
be coupled to a low power core. That is one or more applica-
tion programming interfaces (APIs) may exist between the
WiFi subsystem and the low power core to monitor and oper-
ate on WiFi scan results such as: received signal strength
indicator (RSSI), service set identifier (SSID), basic service
set identifier (BSSID), a trigger that an SSID matches a stored
SSID, ora trigger that a BSSID matches a stored BSSID. This
methodology can provide a low power geofence for points of
interest to a mobile computing device user. Additionally, the
APIs may also comprise means for determining modem con-
nectivity status.

In another embodiment also involving a short range wire-
less subsystem coupled to a low power core, a location man-
ager and location determination engine may reside within the
low power core. Such an architecture can be employed to have
the location determination engine produce a geolocation
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(based on latitude, longitude, elevation/floor, and confidence,
for example) using WiFi AP database including metadata.

Another embodiment couples a satellite positioning sensor
such as a GNSS subsystem to the low power core. The GNSS
subsystem may include a GPS subsystem or a GLONASS
subsystem. Several application programming interfaces
(APIs) may be configured to monitor satellite passing pat-
terns to determine latitude, longitude, velocity, positional
accuracy versus uncertainty, and scan rate. The scan rates can
be either receiver scan rate or a reporting scan rate.

For yet another embodiment, an application processor is
directly coupled to the low power core to enable programma-
bility of a short range wireless subsystem. The programma-
bility may determine starting and stopping of a short range
wireless scan such as a WiF1i scan, and the rate of the short
range wireless scan.

Furthermore, this disclosure describes example embodi-
ments of determining a modality of a user’s activities while in
possession of a computing device. A modality may also be
referred to as a context state. The modality of the user’s
activities may be determined by collecting sensor data on the
computing device and inferring activities associated with the
user of the computing device by extracting features from the
sensor data to determine a modality of the user’s activities.
The inferred activities may include motion states, location
states, environment states, communication states, other
states, or any combination thereof. While a modality may be
a motion state, an environment state, a communication state
or another state, a modality may also be determined using any
combination of these states. Motion states may be associated
with a movement (or lack thereof) of a user in possession of
the computing device and may include being stationary,
walking, jogging, running, driving a vehicle, riding on a
vehicle such as a car, bus or plane, riding an escalator or
elevator, the like, or any combination thereof. Motion states
may use sensor data from an accelerometer sensor, a gyro-
scope, or the like. Location states may be associated with the
location of a user in possession of the computing device.
Location states may use sensor data from a GNSS sensor such
asa GPS sensor ora GLONASS sensor, a short range wireless
sensor such as a WiFi sensor, or the like. Environment states
may be associated with the environment surrounding a user in
possession of a computing device. Environment states may
use sensor data from a microphone or the like. Communica-
tion states may be associated with man-made sounds such as
speech made in the proximity of a user in possession of a
computing device. Further, this disclosure describes example
embodiments of partitioning functions associated with deter-
mining a modality of a user’s activities amongst various pro-
cessors of the computing device with the effect of reducing
power consumption by the computing device.

According to one example implementation, the terms com-
puting device or mobile computing device, as used herein,
may be a central processing unit (CPU), controller or proces-
sor, or may be conceptualized as a CPU, controller or proces-
sor (for example, the first processor 101 of FIG. 1B). In yet
other instances, a computing device may be a CPU, controller
or processor combined to one or more additional hardware
components. In certain example implementations, the com-
puting device operating as a CPU, controller or processor
may be operatively coupled with one or more peripheral
devices, such as a display, navigation system, stereo, enter-
tainment center, WiFi access point (AP), or the like. In
another example implementation, the term computing device,
as used herein, may refer to a mobile computing device, such
as a smartphone, mobile station (MS), terminal, cellular
phone, cellular handset, personal digital assistant (PDA),



US 9,354,722 B2

5

smartphone, wireless phone, organizer, handheld computer,
desktop computer, laptop computer, tablet computer, set-top
box, television, appliance, game device, medical device, dis-
play device, or some other like terminology. In an example
embodiment, the computing device may output content to its
local display or speaker(s). In another example implementa-
tion, the computing device may output content to an external
display device (e.g., over short range wireless such as WiFi)
such as a TV or an external computing system.

FIG. 1A is a block diagram illustrating one embodiment of
amultiple sensor integrated chip architecture 100a for a com-
puting device in accordance with various aspects set forth
herein. In FIG. 1A, the architecture 100a may be configured
to include a second processor 120, a third processor 110, a
first modem processor 130, a second modem processor 140,
and a peripheral subsystem 150. Each of the second processor
120 and the third processor 110 may be configured to process
computer instructions and data. Further, each processor may
be configured to be a computer processor or a controller. In
one example, the second processor 120 may be a processor
such as alow power core (LPC). In another example, the third
processor 110 may be an application processor and may
include multiple computer processors. Various components
of the architecture 100a may be combined into a single inte-
grated circuit architecture comprised of silicon or some other
suitable material for employing high-rate chip technology. In
one example, a single chip architecture 105 may be config-
ured to include the second processor 120, the third processor
110, the first modem processor 130 and the second modem
processor 140.

In FIG. 1A, the third processor 110 may be operationally
coupled to the second processor 120, the first modem proces-
sor 130, and the second modem processor 140. In one
example, the first modem processor 130 may be configured to
receive or transmit data signals associated with a GNSS sys-
tem such as GPS or GLONASS. In one example, the second
modem processor 140 may be configured to receive or trans-
mit data signals corresponding to short range wireless signals
such as WiFi signals, Bluetooth signals, FM radio signals,
another communication protocol, or any combination
thereof. Other modem processors may be contemplated as
being operationally coupled to the third processor 110 or the
second processor 120, such as those modem processors
capable of sending or receiving data signals for a radio fre-
quency identification (RFID) communication protocol, a near
field communication (NFC) protocol, a local-area network
(LAN) protocol, a wide-area network (WAN) protocol, a
computer network protocol, a wireless network protocol, a
telecommunications network protocol, another like commu-
nication protocol signals, or any combination thereof. The
second processor 120 may be capable of receiving or trans-
mitting sensory data from the peripheral subsystem 150. The
peripheral subsystem 150 may be configured to include an
accelerometer 152, a gyroscope 154, a magnetometer 156, a
barometer 158, and another sensor 160 such as an ambient
light sensor (ALS), a proximity sensor or an odor sensor, or
any combination thereof.

FIG. 1B is a block diagram illustrating one embodiment of
amultiple sensor integrated chip architecture 1005 for a com-
puting device in accordance with various aspects set forth
herein. In FIG. 1B, the architecture 1005 may be configured
to include a first processor 101, a second processor 120, a
third processor 110, a first modem processor 130, a second
modem processor 140, and a peripheral subsystem 150. Each
of the first processor 101, the second processor 120, and the
third processor 110 may be configured to process computer
instructions and data. Further, each processor may be config-
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ured to be a computer processor or a controller. In one
example, the first processor 101 may be a controller such as a
sensor hub. In another example, the second processor 120
may be a processor such as an LPC. In another example, the
third processor 110 may be an application processor and may
include multiple computer processors. Various components
of the architecture 1005 may be combined into a single inte-
grated circuit architecture comprised of silicon or some other
suitable material for employing high-rate chip technology. In
one example, a single chip architecture 105 may be config-
ured to include the second processor 120, the third processor
110, the first modem processor 130 and the second modem
processor 140.

In FIG. 1B, the third processor 110 may be operationally
coupled to the first processor 101, the second processor 120,
the first modem processor 130, and the second modem pro-
cessor 140. In one example, the first modem processor 130
may be configured to receive or transmit data signals associ-
ated with a GNSS system such as GPS or GLONASS. In one
example, the second modem processor 140 may be config-
ured to receive or transmit data signals corresponding to short
range wireless signals such as WiFi signals, Bluetooth sig-
nals, FM radio signals, another communication protocol sig-
nals, or any combination thereof. Other modem processors
may be contemplated as being operationally coupled to the
third processor 110 or the second processor 120, such as those
modem processors capable of sending or receiving data sig-
nals for a radio frequency identification (RFID) communica-
tion protocol, a near field communication (NFC) protocol, a
local-area network (LAN) protocol, a wide-area network
(WAN) protocol, a computer network protocol, a wireless
network protocol, a telecommunications network protocol,
another like communication protocol or any combination
thereof. The second processor 120 may be coupled to the third
processor 110, the first modem processor 130, the second
modem processor 140, and the first processor 101. The
peripheral subsystem 150 may be configured to include an
accelerometer 152, a gyroscope 154, a magnetometer 156, a
barometer 158, another sensor 160 such as an ambient light
sensor (ALS), a proximity sensor or an odor sensor, or any
combination thereof. The first processor 101 may also be
configured to receive input data from a digital signal proces-
sor (DSP) operationally coupled to a microphone, for
example.

In FIG. 1B, the first processor 101 may be operationally
coupled to the third processor 110, the peripheral subsystem
150 and the second processor 120. Further, the first processor
101 may be operationally coupled to an accelerometer 152, a
gyroscope 154, a magnetometer 156, a barometer 158, or
another sensor 160. The architecture 1005 may allow for the
first processor 101 to receive motion data, location data or
modality data from the peripheral subsystem 150 while the
second processor 120 and the third processor 110 are in a low
power state such as a standby mode or a sleep mode. Further,
the architecture 1005 may allow motion data, location data or
modality data to be received by the second processor 120
while the third processor 110 is in a low power state such as a
standby mode or a sleep mode. In one example, the first
processor 101 may receive motion data from the peripheral
subsystem 150 and may determine whether the computing
device is moving or stationary. In response to detecting
motion, the first processor 101 may activate the second pro-
cessor 120. In one example, a processor may activate another
processor or electronic component by providing it with
power. In another example, a processor may activate another
processor or electronic component by initializing or inter-
rupting the other processor or electronic component. In
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another example, a processor may activate another processor
or electronic component by changing an operating state of the
other processor or electronic component. The second proces-
sor 120 may receive location data from the first modem pro-
cessor 130 such as GNSS location data or from the second
modem processor 140 such as short range wireless location
data such as WiFi location data to determine a modality of the
computing device. In response to determining a particular
modality, the first processor 101 or the second processor 120
may activate the third processor 110.

In another embodiment, the third processor 110 may only
be operatively coupled to the first modem processor 130 or
the second modem processor 140 using the second processor
120. This configuration may allow, for example, phone calls
or data transmission over the Internet without waking the
third processor 110.

In another embodiment, any sensors having an active mode
current of less than one milliamp (1 mA) measured during the
determination of one sample are operationally coupled to the
first processor 101. Further, any sensors having an active
mode current of at least one milliamp (1 mA) measured
during the determination of one sample are operationally
coupled to the second processor 120.

In another embodiment, any sensors having an active mode
current of less than ten milliamps (10 mA) measured during
the determination of one sample are operationally coupled to
the first processor 101. Further, any sensors having an active
mode current of at least ten milliamps (10 mA) measured
during the determination of one sample are operationally
coupled to the second processor 120.

FIG. 2 is a block diagram illustrating another embodiment
of' a multiple sensor integrated chip architecture 200 for a
computing device inaccordance with various aspects set forth
herein. In FIG. 2, the architecture 200 may be configured to
include a first processor 201, a second processor 220, and a
third processor 210. Each of the first processor 201, the sec-
ond processor 220, and the third processor 210 may be con-
figured to process computer instructions and data. Further,
each processor may be configured to be a computer processor
or a controller. In one example, the first processor 201 may be
a controller such as a sensor hub. In another example, the
second processor 220 may be a processor such as an LPC. In
another example, the third processor 210 may be an applica-
tion processor and may include multiple computer proces-
sors. In one definition, data is information in a form suitable
for use by a computer. It is important to note that a person
having ordinary skill in the art will recognize that the subject
matter of this disclosure may be implemented using various
operating systems or combinations of operating systems.

In FIG. 2, the first processor 201 may be configured to
include interface ports 271 to 278, an interrupt controller 279,
other elements, or any combination thereof. The interface
ports 271 to 278 of the first processor 201 may be a serial port,
a multi-master serial single-ended computer bus port such as
an I°C port, a serial peripheral interface (SPI) port, a parallel
port, a general purpose input and output (GPIO) port, a game
port, a universal serial bus (USB), a micro-USB port, a high
definition multimedia interface (HDMI) port, a video port, an
audio port, a short range wireless port such as a Bluetooth
port, an NFC port, a WiFi port or the like, a GNSS port,
another like interface port, or any combination thereof. The
interrupt controller 279 may be used to provide a software
interface between the first processor 201 and the interrupt
hardware. The interface port 271 may be used to operatively
couple the first processor 201 to an accelerometer sensor 252,
a gyroscope sensor 254, a magnetometer sensor 256, a
barometer sensor 258, an ambient light sensor 256, a prox-
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imity sensor 257, another sensor 258 such as an ambient light
sensor (ALS), a proximity sensor or an odor sensor, or any
combination thereof.

In the current embodiment, the interface port 274 may be
used to operatively couple the first processor 201 to a display
287 using a display interface 285. The display interface 285
may be configured as a communication interface and may
provide functions for rendering video, graphics, images, text,
other information, or any combination thereof on the display
287. In one example, a communication interface may include
a serial port, a parallel port, a general purpose input and
output (GPIO) port, a game port, a universal serial bus (USB),
a micro-USB port, a high definition multimedia interface
(HDMI) port, a video port, an audio port, a Bluetooth port, a
near-field communication (NFC) port, another like commu-
nication interface, or any combination thereof. In one
example, the display interface 285 may be operatively
coupled to a local display, such as a touch-screen display
associated with the computing device. In another example,
the display interface 285 may be configured to provide video,
graphics, images, text, other information, or any combination
thereof for an external/remote display that is not necessarily
connected to the computing device. In one example, a desktop
monitor may be utilized for mirroring or extending graphical
information that may be presented on the computing device.
In another example, the display interface 285 may wirelessly
communicate, for example, using the first modem processor
230, the second modem processor 240, or another modem
processor to an external/remote display.

InFIG. 2, the interface port 273 may be used to operatively
couple the first processor 201 to a touch screen 288 using a
touch screen interface 286. The display 287 may be combined
with the touch screen 288 to form a touch-sensitive display.
The interface port 275 may be used to operatively couple the
first processor 201 to the second processor 220. The interface
port 276 may be used to operatively couple the first processor
201 to the third processor 210. The interface port 277 may be
used to operatively couple the first processor 201 to a digital
signal processor (DSP) 282. The DSP 282 may be operatively
coupled to a microphone 283 or a speaker. The interface port
278 may be used to operatively couple the first processor 201
to a haptic integrated circuit (IC) 284. The power manage-
ment IC 281 may be used to provide various voltages to
elements of the system. Also, the power management IC 281
may provide a clock such as thirty two kilohertz (32 KHz) to
the first processor 201.

In the current embodiment, various components of the
architecture 200 may be combined into a single integrated
circuit architecture comprised of silicon or some other suit-
able material for employing high-rate chip technology. In one
example, a single chip architecture 205 may be configured to
include the second processor 220, the third processor 210, a
first modem processor 230, a second modem processor 240,
memory 211, interface ports 212 and 213, an interrupt con-
troller 214, other element, or any combination thereof. The
third processor 210 may be operatively coupled to the first
modem processor 230, the second modem processor 240 and
the memory 211. Further, the third processor 210 may be
operatively coupled to the second processor 220 using the
memory 211. Also, the third processor 210 may be opera-
tively coupled to the first processor 201 using the interface
port 212. The second processor 220 may be operatively
coupled to the first modem processor 230 and the second
modem processor 240 using the memory 211. Further, the
second processor 230 may be operatively coupled to the first
processor 201 using the interface port 213. The interrupt
controller 214 may be used to provide a software interface






