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SENSOR INTERFACE, AND METHODS AND
APPARATUS PERTAINING TO SAME
CLAIM OF PRIORITY UNDER 35 U.S.C. §ll9

[0001] The present Application for Patent claims priority
to Provisional Application No. 60/790,252 entitled “Sensor

API: System Requirements Speci?cation AMSS/DMSS/
BREW” ?led Apr. 7, 2006, and assigned to the assignee

hereof and hereby expressly incorporated by reference
herein.
BACKGROUND

[0002]

1. Field

[0003]

The present invention relates generally to sensor

interfaces, and more speci?cally to an extensible sensor

interface that is capable of handling partially or fully sensor

independent data requests.

[0004] 2. Background
[0005] It is becoming common for handheld mobile
devices (hereafter, “mobile devices”) to incorporate one or
more physical sensors. By Way of example, the types of
mobile devices that may incorporate a number of physical

sensors include: telephones, smart phones, personal digital
assistants (PDAs), game and other equipment controllers,
Watches, and bio-feedback devices. The types of physical
sensors that these devices may incorporate include, but are
not limited to: barometric pressure sensors, accelerometers,

magnetic ?eld sensors (e.g., compasses), gyroscopes, and
biometric sensors. As de?ned herein, a “physical sensor” is

any sensor that is capable of measuring a physical phenom
ena and providing an output signal (typically, a digital

electrical signal) that quanti?es the physical phenomena.

number of data requests include at least one data request that

speci?es a particular type of data to be returned, Without
identifying a particular physical sensor to be used in acquir
ing the particular type of data. The sensor interface is also
provided With a processor con?gured to i) determine What
sensor data can be used to satisfy the number of data

requests, ii) con?gure ones of the sensor inputs to receive
sensor data from a number of physical sensors, and/or iii) if

possible, satisfy the number of data requests using the
received sensor data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

FIG. 1 illustrates a ?rst exemplary sensor interface;

[0009]

FIG. 2 illustrates a method for using a sensor

interface such as the sensor interface shoWn in FIG. 1 or the

sensor interface shoWn in FIG. 3; and

[0010] FIG. 3 illustrates a device incorporating a second
exemplary sensor interface.
DETAILED DESCRIPTION

[0011] The Word “exemplary” is used herein to mean
“serving as an example, instance, or illustration.” Any
embodiment described herein as “exemplary” is not neces
sarily to be construed as preferred or advantageous over

other embodiments.

[0012]

In the context set forth in the Background of this

description, FIG. 1 illustrates a sensor interface 100 com
prising a number of sensor inputs 106, a number of client

inputs 102, and a processor 104. The client inputs 102 are
con?gured to receive a number of data requests from a
number of clients 108, 110, 112, and the processor 104 is
con?gured to 1) determine What sensor data can be used to

The physical phenomena may be, for example, a tempera

satisfy the number of data requests, 2) con?gure ones of the

ture, pressure, direction, brightness or heart rate.

sensor inputs 106 to receive sensor data from a number of

[0006] As the desire to provide mobile devices With appli
cations that require data from more and varied physical

physical sensors 114, 116, 118, 120, and 3) if possible,

sensors increases, and as the types, models and con?gura
tions of physical sensors increase, it is becoming more

dif?cult for application developers to develop applications
that can be ported to mobile devices having different hard

Ware platforms (e.g., platforms that incorporate different sets
of sensors). On the ?ip side, it is also becoming more
dif?cult for systems engineers to provide a hardWare plat
form that is capable of supporting a Wide variety of appli
cations. As a result, it is common for systems engineers and
application developers to Work in concert to de?ne a unique

satisfy the number of data requests using the received sensor
data.
[0013] As de?ned herein, “a number of’ means “one or
more”, and “a plurality of’ means “tWo or more”. Each of

the numbers of sensor inputs 106, client inputs 102, clients
108, 110, 112, data requests and physical sensors 114, 116,
118, 120 recited in the above paragraph may variously
include a plurality of these elements.

[0014] The “clients”108, 110, 112 that request data from
the sensor interface 100 may take various forms, and may

set of sensing capabilities and applications for a particular
mobile device. Once developed, the unique set of capabili

include, but are not limited to, a number of softWare or
?rmWare-based applications, a number of user or system

ties and applications may be of little use in developing a
modi?ed or next-generation device; and the device for

clients 108, 110, 112 are sometimes referred to herein as

applications, or a device operating system. Of note, the

Which the set of capabilities and applications Was developed
may not be upgradeable to incorporate neW sensing capa

“applications” (of Which there can be various kinds, as
described above). Some or all of the data requests that are

bilities or applications. A need therefore exists for a more
?exible and extensible sensor interface.

particular type of data to be returned by the sensor interface

SUMMARY

[0007]

Embodiments disclosed herein address the above

stated need by providing a sensor interface With a number of
sensor inputs and a number of client inputs, Wherein the
number of client inputs are con?gured to receive a number
of data requests from a number of clients, and Wherein the

generated by the clients 108, 110, 112 may specify a
100, Without identifying a particular physical sensor 114,
116, 118, 120 that is to be used in acquiring the particular
type of data. Thus, for example, a client 108 might request
linear motion data for a mobile device, Without specifying
the type or model of sensor that is to be used in acquiring the

linear motion data. Or, a client 110 might request orientation
data for a mobile device, Without specifying the type or
model of sensor that is to be used in acquiring the orientation
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data. These sorts of sensor-independent requests (or at least
partially sensor-independent requests) enable the sensor
interface 100 to be used more e?iciently, because they place
the processor 104 under feWer constraints as it determines
What sensor data can be used to satisfy What data requests.
BeloW are some examples that better illustrate this point.

[0015]

First, consider a device having a particular set of

sensor types and models, in Which the sensors are capable of
providing a particular set of sensor data. In the past, an
application Would not have been able to obtain or use the
device’s sensor data unless the application had been devel
oped to support one or more of the device’s particular
sensors. This meant that, even though a device might have

been able to acquire a particular “type of data” needed by an
application, an application Would not have been able to use

the data unless the data Was provided by a particular “type
and model of sensor” for Which the application had been
developed. It also meant that, if an application developer
Wanted an application to be compatible With a variety of

devices, the application developer had to provide the appli
cation With support for a plethora of different sensor types
and models. HoWever, When an application is developed to
Work With the sensor interface 100, the application may
simply request a particular type of data and alloW the sensor
interface to 1) determine What sensor data can be used to

satisfy the request, 2) receive the sensor data, and 3) satisfy
the request.

[0016] Second, consider a device that is initially designed
With a ?rst set of sensors, but due to a design change is
re-con?gured to incorporate a second set of sensors. Or,
consider a device With an upgradeable sensor set. In the past,
a change in the device’s sensor set might have necessitated
one or more patches to the device’s applications. HoWever,

con?gured (blocks 208, 210). In one embodiment, only
those physical sensors that are determined to be necessary to
satisfy a current set of data requests are enabled and con

?gured.
[0019] After determining What sensor data is needed to
satisfy the data requests, and after discovering What sensors
108, 110, 112 are available, the method 200 receives sensor
data from some or all of the available sensors 114, 116, 118,

120 and, if possible, satis?es the data requests using the
received sensor data.

[0020] Ofnote, the steps ofthe method 200 shoWn in FIG.
2 may be performed in different orders, and some steps may
be performed simultaneously or repetitively.
[0021]

In some cases, the method 200 may determine that

the raW sensor data received from one or more physical

sensors 114, 116, 118, 120 is not capable of satisfying a data
request, but that the raW sensor data received from one or
more physical sensors may be converted or combined to

satisfy the data request. In this regard, the sensor interface
100 may be programmed to provide one or more “virtual
sensors”122, 124. As de?ned herein, a “virtual sensor” is a
sensor that receives sensor data obtained by one or more

physical sensors 114, 116, 118, 120, converts or combines
the sensor data, and provides an output. By Way of example,

the output may 1) quantify a physical phenomena, 2) provide
a judgment or rating of a physical phenomena (e.g., is it
sunny or dark), or 3) signify the occurrence of an event.

Exemplary “conversions” and “combinations” of sensor
data include 1) using a ?rst piece of sensor data to correct a
second piece of sensor data (e. g., to improve the accuracy of
the second piece of sensor data, in the presence of a

condition quanti?ed by the ?rst piece of sensor data), 2)
averaging outputs from multiple physical sensors 114, 116,

data, ?rmWare or softWare upgrades can likely be isolated to
the sensor interface 100 (if an upgrade is needed at all).

118, 120, 3) normalizing outputs from one or more physical
sensors 114, 116, 118, 120, 4) converting the units of sensor
data, or 5) making judgments or ratings based on the outputs

[0017]

of one or more physical sensors 114, 116, 118, 120. Sensor
data may also be converted or combined based on data

When an application merely requests a particular type of

Third, consider a device With a Wireless commu

nication interface. By providing the device With the sensor
interface 100, and by con?guring the processor 104 to
dynamically discover physical sensors that reside outside of
a device in Which the sensor interface 100 is installed (e.g.,
via a Wireless interface), the device may be provided access
to 1) sensors that Were never contemplated by the makers of
the device, 2) sensors that are too large or expensive to be
incorporated into the device, or 3) sensors that are only
useful to smaller subsets of a device’s users.

acquired from non-sensor sources. For example, if multiple
sensor readings are to be averaged, a current time may be

used to discard certain readings from the average. Following
are some speci?c examples that shoW hoW sensor data may
be converted or combined by means of virtual sensors 122,
124 of the sensor interface 100.

[0022] One example of a virtual sensor is a tilt-compen
sated compass. The virtual compass may receive raW mag
netic heading data from a “real” physical compass, as Well
as tilt data from a three-dimensional (3D) accelerometer.

[0018] The sensor interface 100 may be used in various
Ways, but one exemplary Way is shoWn in FIG. 2. In accord

Using currently available mathematical algorithms, the vir

With the method 200 (FIG. 2), the client inputs 102 of the

tual sensor can then use the accelerometer data to compen

sensor interface 100 may receive data requests from a

sate for tilt of the physical compass.

number of clients 108, 110, 112 (block 202). As discussed
previously, the data requests may include at least one data

[0023] Another example of a virtual sensor is a tempera
ture-corrected pressure sensor, Wherein the virtual sensor

request that speci?es a particular type of data to be returned,
Without identifying a particular physical sensor 114, 116,
118, 120 that is to be used in acquiring the particular type of

temperature-dependent characteristics of the physical sensor
that obtained the pressure reading.

uses a sensed temperature to correct a pressure reading for

data. The sensor interface 100 then determines What sensor

data can be used to satisfy the data requests, and dynami
cally discovers a number of physical sensors 114, 116, 118,
120 from Which apparatus (e.g., a device) in Which the
sensor interface 100 is incorporated can currently receive
sensor data (blocks 204, 206). Optionally, some or all of the
physical sensors 114, 116, 118, 120 may be enabled or

[0024] Another example of a virtual sensor is an altitude
sensor. For example, a virtual altitude sensor might receive
a barometric pressure reading and use a look-up table or

mathematical algorithm to estimate a corresponding altitude.
[0025] Still another example of a virtual sensor is a linear
motion and orientation sensor. Exemplary linear motion and
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orientation sensors are described in US. patent application

to select from betWeen tWo or more Ways to satisfy a

Ser. No. 11/686,945, entitled “Sensor-Based Orientation

particular request. For example, an accelerometer and a

System”, Which is incorporated by reference herein in its

Wheel speed sensor might provide data that is independently

entirety.

able to indicate direction of movement. Thus, if one sensor

[0026] Yet another example of a virtual sensor is a vibra
tion sensor Which receives accelerometer data and uses the

accelerometer data to quantify the vibration experienced by
a device.

[0027]

is unavailable, a data request may be satis?ed using data
obtained from the other sensor. Or, if con?icts betWeen tWo

data requests cannot be reconciled, each data request may
satis?ed using data obtained from a different one of the
sensors.

A subset of virtual sensors is “event sensors”. One

example of a virtual event sensor is a “zero G” or drop
detection sensor. Such a sensor might receive sensor data
from an accelerometer, monitor the sensor data to determine

if it exceeds a drop detection threshold, and provide an
output indicative of Whether a device has been dropped.
Other virtual “event sensors” may monitor various types of
sensor data to determine, for example: Whether a device is
being moved; a temperature change; an altitude or pressure
change; a velocity change; or Whether a device has traveled
a predetermined distance.
[0028] Some virtual event sensors may be used to navigate
betWeen elements of a graphical user interface (GUI). For

[0032] Fully or partially sensor-independent data requests
also alloW data requests to be satis?ed in accord With other
criteria. For example, When different sets of sensors can be
used to satisfy a set of data requests, the set of sensors used

to satisfy the data requests may be chosen to, for example:
conserve poWer; minimize the number of physical sensors

used; minimize processor usage (e.g., by minimizing the
reliance on virtual sensors When more sophisticated physical
sensors are available); minimize noise; increase response

time; or satisfy quality of service requests. Processor usage
may also be minimized by pushing more Work to “smart”
sensors. For example, “smart” sensors may be capable of

auto-con?guring a sensor, reading and responding to QoS

example, a virtual event sensor may correlate a user’s tilt or

requests (explained beloW), converting or combining data

orientation of a device With the user’s desire to navigate to
a particular element or control of a GUI. At the same time,
the virtual event sensor may monitor the accelerometer data
for evidence of a “shake” or “double-tap” and interpret same
as a user’s desire to select the GUI element or control to

similarly to one or more virtual sensors, or detecting events
such as “zero G” events (e.g., as is the case With a zero G

Which the user has navigated.

accelerometer).
[0033]

In one embodiment, the sensor interface 100 (FIG.

1) may implement an input, output or bi-directional quality
control. For example, on the input side, the processor 104

[0029] Returning to the method 200, there may be times
When the physical sensors 114, 116, 118, 120 discovered by

may be con?gured to read quality-of-service (QoS) requests

the method 200 are not be able to satisfy some or all of the

the sensor interface 100. The QoS requests may include, for

data requests received by the sensor interface 100. That is,

example: a request to prioritize time per measurement over
accuracy of measurement (or vice versa); an indication on
hoW to balance time per measurement and accuracy of
measurement; a measurement sampling rate; a measurement
duration; a measurement capture trigger; a measurement
return trigger (e.g., a threshold that needs to be met before
sensor data is processed or a data request is satis?ed); a time
constant for measurement ?ltering; a measurement resolu
tion; an indication on hoW to balance bandWidth (e.g.,

there may be times When sensor data is needed but cannot be
obtained. In these cases, the method 200 may return alert or
error noti?cations to those clients Whose requests cannot be

satis?ed. Or, the method 200 may simply ignore those
requests that it cannot satisfy.
[0030]

There may also times When the discovered sensors

114, 116, 118, 120 are technically capable of providing the
data needed to satisfy a plurality of data requests, but
parameters associated With the data requests appear to
con?ict. For example, consider a ?rst request for acceler
ometer readings at a rate of one sample per second (1 Hertz),

associated With one or more of the data requests received by

number of samples or speed of return) and data resolution;
or an accelerometer g-range selection.

[0034]

As de?ned herein, a QoS request differs from a

and a second request for accelerometer readings at a rate of

typical con?guration request in that a con?guration request

one hundred samples per second (100 Hertz). Although
these requests con?ict, both requests can be satis?ed by
acquiring accelerometer readings at a rate of 100 Hertz, and
then sub-sampling the readings to ful?ll the ?rst request.

is sensor-speci?c and a QoS request is at least partially
sensor-independent. A QoS may therefore be generated by a

When data requests con?ict, the processor 104 of the sensor

sensor user or application developer Without any knowledge
of What sensors are available or hoW they Work. Rather, the
sensor user or application developer need only knoW What

interface 100 may determine hoW one or more physical

kind of data they Want and hoW it can be acquired. In this

sensors 114, 116, 118, 120 may be con?gured to satisfy
apparently con?icting requests in parallel. When no avail
able solution exists, the processor 104 may arbitrate the
satisfaction of data requests requiring con?icting sensor

regard, an application programming interface (API) may be

con?gurations. In some cases, the arbitration may involve
prioritizing Which requests are ful?lled ?rst. In other cases,

100.

the arbitration may result in the return of alert or error

de?ned for the sensor interface 100, and an application
developer may use the API to determine What sorts of data

and QoS requests can be processed by the sensor interface

[0035]

The processor 104 can be further con?gured to 1)

noti?cations for certain requests.

determine What sensor data can be used to satisfy the QoS
requests, and 2) if possible, satisfy the one or more data

[0031] If some or all of the data requests received by the
sensor interface 100 are fully or partially sensor-indepen
dent, the sensor interface’s processor 104 may be con?gured

requests in accord With any associated QoS requests. The
processor 104 may use QoS requests in various Ways. In
some cases, the processor 104 may use a QoS request to
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determine Which of tWo or more sensors should be used to

sensor interface 302 is implemented in a device 300 having

satisfy a data request. For example, if tWo sensors are
capable of ful?lling a data request, but there is a time or
poWer savings associated With one of the sensors, the

a number of installed applications 304, 306, 308, 310. The

processor may be con?gured to normally acquire data from
the sensor that saves time or poWer. HoWever, if a QoS

request can only be met by acquiring data from the more
costly sensor, the processor may be con?gured to respond to

the QoS request by acquiring data from the more costly
sensor. In other cases, it may be possible to “correct” or

device 300 may take various forms, such as those of a
handheld mobile device, a computer, or a transportation

vehicle. The installed applications may also take various
forms, and may comprise, for example, a Web broWser 304,

camera 306, pedometer 308, global positioning system,
Qualcomm uiOne user interface 310, or device operating
system. The sensor interface 302 may comprise a number of
client inputs 312 that, in one embodiment, take the form of

improve data obtained from one sensor by combining it With

a single COM port. Access to an ISensorPort API may be

data obtained from another sensor. In these cases, a QoS
request may cause a processor 104 to correct data that it
Would ordinarily pass to a client “uncorrected”.

provided via the COM port.

[0036]

314, 316, 318, 320, 322, 324, and may support I/O functions

In some cases, the processor 104 can be con?gured

to only satisfy data requests When their associated quality of
service requests can be met. In other cases, the processor 104

[0042]

The ISensorPort API may provide a bi-directional

connection to a number of physical and/or virtual sensors

such as open/read/Write/close/ioctl. The ISensorPort API is
con?gured to receive data requests from a number of

can be con?gured to satisfy data requests Whenever possible,

installed applications 304, 306, 308, 310, and return

and make a “best effort” to satisfy their associated QoS

responses in the form of raW or abstracted sensor data. The

requests.

installed applications 304, 306, 308, 310 may access the
abstracted sensor data via a number of ISensorPort exten

[0037]

On the output side, the processor 104 may be

sions 326, Which in turn provide access to a number of

con?gured to return both data, and one or more indicators of

data quality. The indicators of data quality may include, for

virtual sensors 324. By Way of example, the ISensorPort
extensions 326 could comprise extensions 328, 330 for

example: an indication of data accuracy; a data resolution;
an indication that a data skeWing event occurred (e.g., a

Zation application) or orientation information.

device shock); an indication that a sensor limit Was saturated

(e. g., acceleration magnitude above 1000 g Was detected); an
indication that data samples Were lost; or an indication of
Whether data is believed to be valid. Data may also be
returned With a timestamp.

[0038] In addition to being con?gured to read and respond
to QoS requests, the processor 104 may be con?gured to
read and respond to con?guration requests directed to par
ticular sensors 114, 116, 118, 120.

[0039] The processor 104 may be further con?gured to
initiate a broadcast of, or “advertise”, l) the existence of the
sensor interface 100, or 2) the existence of at least one of the

physical sensors 114, 116, 118, 120 that are discovered by
the sensor interface 100. In one embodiment, the broadcast
is initiated via a Wireless interface of the sensor interface
100. In this manner, clients installed on devices other than
a “Device A” in Which the sensor interface 100 is installed
may use the sensor interface 100 to access the physical
sensors that are available to the “Device A”. For example, if
some or all of a plurality of mobile phones or PDAs are
provided With sensor interfaces such as the interface 100,
some devices may become clients of other devices, and
thereby access the physical or even virtual sensors that are

available via the sensor interface(s) of the other device(s).

accessing vibration information (e.g., for an image stabili

[0043] Preferably, sensor interface clients 304, 306, 308,
310 are not alloWed to communicate With speci?c knoWn

sensors (e.g., speci?c types and models of sensors) via the
ISensorPort API. Rather, clients 304, 306, 308, 310 are only
alloWed to request a particular type of raW or abstracted
sensor data. In this manner, and as previously described, the
sensor interface 302 is provided more ?exibility in deter

mining hoW data requests are satis?ed. HoWever, in one
embodiment, applications are alloWed to communicate With
speci?c sensors.
[0044] In one embodiment, the ISensorPort API may

inherit and implement the Qualcomm BREW 4.0 Compo
nent Services’ IPORTl interface, Which provides a directly
remotable read/Write port.
[0045]

The sensor interface 100 further comprises a sensor

driver layer 332. The sensor driver layer 332 comprises a
number of sensor drivers 334, 336, 338 that serve to carry
out vendor-speci?c sensor initialiZation, calibration, con

?guration, and read/Write operations. The sensor drivers
334, 336, 338 may perform their operations via a sensor
communication layer 340 that supports connectivity to one
or more sensor communication interfaces 342, 344, 346,

such as I2C, UART and Bluetooth interfaces. Preferably,
both the sensor driver and sensor communication layers 332,
340 are extensible, meaning that sensor drivers 334, 336,
338 and sensor communication interfaces 342, 344, 346 can

[0040] The client inputs of the sensor interface 100 may
comprise both Wired and Wireless inputs. In one embodi
ment, at least one client input (e.g., a Wired client input) may
be dedicated for receiving data requests from clients

be added to these layers.
[0046] By Way of example, FIG. 3 illustrates a pair of

installed on a mobile device in Which the sensor interface

nication layer 340 via an I2C bus 344; another pair of

100 is physically installed, and at least one other client input
(e.g., a Wireless client input) may be con?gured to receive
data requests from clients that are external to the mobile
device in Which the sensor interface 100 is physically
installed.

physical sensors 314, 316 that are coupled to the commu
sensors 318, 320 that are coupled to an analog-to-digital
converter (ADC) 348 of a microcontroller 350 that is in turn

FIG. 3 illustrates one exemplary implementation

coupled to the communication layer 340 via a UART 346;
and a physical sensor 322 that is coupled to the communi
cation layer 340 via a Bluetooth connection 342.
[0047] The sensor interface 100 further comprises a sensor

302 of the sensor interface 100. By Way of example, the

management layer 352. The sensor management layer 352

[0041]
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serves to manage multiple client connections and data
requests, arbitrate access to physical sensors 314, 316, 318,
320, 322, and provide virtual sensor support. The sensor
management layer 352 also determines hoW data requests

are satis?ed (e.g., by mapping particular data requests to
particular physical or virtual sensors 314, 316, 318, 320,
322, 324). The sensor management layer 352 may also be
largely responsible for performing the method 200 shoWn in
FIG. 2.

[0048] At times, multiple clients 304, 306, 308, 310 may

[0060] In the above example, the “erromo=0” portions of
the returned data stream are indicative of there being no
errors in the returned data samples. If a data sample Was
believed to be erred because, for example, a sensor limit had

been saturated (or a device shock might have interfered With
a reading), an indication of “errorno=l” or “errorno=2”

might be returned With the affected sample or samples. Thus,
error codes may be used to simply signify Whether or not an
error (of any kind) exists, or error codes may be used to

specify various different types of errors.

require simultaneous access to the data generated by one or
more physical sensors 314, 316, 318, 320, 322. As a result,

[0061] Those of skill Will appreciate that the various
illustrative logical blocks, modules, and steps described in

data obtained from a physical sensor may need to be

connection With the embodiments disclosed herein may be

bu?fered, and then copied, so that it may be provided to
multiple consumers (e.g., sensor interface clients 304, 306,

implemented via electronic hardWare, computer softWare, or
combinations of both. To clearly illustrate this interchange
ability of hardWare and softWare, various illustrative com
ponents, blocks, modules, and steps have been described
above generally in terms of their functionality. Whether such

308, 310 or virtual sensors 324). In some cases, a physical

sensor’s data bulfer may be siZed to hold a single sample. In
other cases, a sensor’s data bulfer may be siZed to hold

multiple samples. In still other cases, a sensor’s data bulfer
may be siZed to hold an array of samples, as might be
necessary, for example, to hold x,y,Z acceleration values
produced by a 3D accelerometer. A bulfer may also be siZed
dynamically, based on such factors as: the number and siZe

of data samples produced by a particular sensor, the rate at
Which data samples are being acquired, or the number of
clients 304, 306, 308, 310 that require access to a sensor’s
data.

[0049]

Copies of the data obtained from a physical sensor

functionality is implemented as hardWare or softWare

depends upon the particular application and design con
straints imposed on the overall system. Skilled artisans may

implement the described functionality in varying Ways for
each particular application, but such implementation deci
sions should not be interpreted as causing a departure from
the scope of the present invention.

[0062] The various illustrative logical blocks, modules,
and steps described in connection With the embodiments
disclosed herein may be implemented or performed With a

subjected to loW-pass ?ltering or other pre-processing

general purpose processor, a Digital Signal Processor (DSP),
an Application Speci?c Integrated Circuit (ASIC), a Field
Programmable Gate Array (FPGA) or other programmable
logic device, discrete gate or transistor logic, discrete hard

requirements.

Ware components, or any combination thereof designed to

need not be identical. For example, sensor data may be

sub-sampled to yield data sets having different numbers of
samples. Or, a particular copy of a sensor’s data may be

perform the functions described herein. A general purpose
[0050]

In one embodiment, a client 304 of the sensor

interface 302 may send QoS or data requests via ASCII
messages. These messages may take the folloWing forms:

processor may be a microprocessor, but in the alternative,
the processor may be any conventional processor, controller,
microcontroller, or state machine. A processor may also be
implemented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of
microprocessors, one or more microprocessors in conjunc
tion With a DSP core, or any other such con?guration.

[0051] To request acceleration in the x-axis using the

[0063] The steps of a method or algorithm described in
connection With the embodiments disclosed herein may be
embodied directly in hardWare, in a softWare module

above messages, a user might set a desired measurement

executed by a processor, or in a combination of the tWo. A

frequency as folloWs:

softWare module may reside in Random Access Memory

[0052] “set, accelx:freq=l0”

(RAM), ?ash memory, Read Only Memory (ROM), Elec
trically Programmable ROM (EPROM), Electrically Eras
able Programmable ROM (EEPROM), registers, hard disk,

[0053] Then, to initiate data generation, the folloWing
message might be sent:

a removable disk, a CD-ROM, or any other form of storage

medium knoWn in the art. An exemplary storage medium is

[0054] “get, accelx”

coupled to the processor such the processor can read infor

[0055] The data request may then be satis?ed by returning

mation from, and Write information to, the storage medium.
In the alternative, the storage medium may be integral to the
processor. The processor and the storage medium may reside

a stream of data including the folloWing messages:

[0056] “get, accelx=l23, erromo=0”
[0057] “get, accelx=234, erromo=0”
[0058]

The data stream may be terminated With the fol

loWing message:

[0059] “set, accelx:freq=0”

in an ASIC. The ASIC may reside in a user terminal such as

a handheld mobile device (e.g., a telephone or PDA). In the

alternative, the processor and the storage medium may
reside as discrete components in a user terminal.

[0064] The previous description of the disclosed embodi
ments is provided to enable any person skilled in the art to
make or use the present invention. Various modi?cations to
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these embodiments Will be readily apparent to those skilled
in the art, and the generic principles de?ned herein may be
applied to other embodiments Without departing from the
spirit or scope of the invention. Thus, the present invention

physical sensors, to satisfy multiple competing ones of the
data requests in parallel.

is not intended to be limited to the embodiments shoWn
herein but is to be accorded the Widest scope consistent With

is con?gured to i) read quality of service requests associated

the principles and novel features disclosed herein.
What is claimed is:
1. A sensor interface, comprising:
a number of sensor inputs;

a number of client inputs con?gured to receive a number
of data requests from a number of clients, Wherein the
number of data requests include at least one data

request that speci?es a particular type of data to be
returned, Without identifying a particular physical sen
sor to be used in acquiring the particular type of data;
and

15. The sensor interface of claim 1, Wherein the processor
is con?gured to con?gure at least one of the number of

16. The sensor interface of claim 1, Wherein the processor
With one or more of the data requests, ii) determine What
sensor data can be used to satisfy the quality of service

requests, and iii) if possible, satisfy the one or more data
requests in accord With any associated quality of service

requests.
17. The sensor interface of claim 16, Wherein the proces
sor is con?gured to, in response to at least one of the quality
of service requests, combine at least some of the sensor data
to satisfy at least one of the data requests.
18. The sensor interface of claim 16, Wherein the proces
sor is con?gured to satisfy at least one of the data requests

by returning both data, and an indicator of the quality of the

can be used to satisfy the number of data requests, ii)

data.
19. The sensor interface of claim 16, Wherein the proces
sor is con?gured to satisfy at least one of the data requests

con?gure ones of the sensor inputs to receive sensor

by returning both data, and an indicator of the validity of the

data from a number of physical sensors, and iii) if

data.
20. The sensor interface of claim 1, Wherein the processor
is con?gured to satisfy at least one of the data requests by
returning both data, and an indicator of the quality of the
data.
21. The sensor interface of claim 1, Wherein the processor
is con?gured to satisfy at least one of the data requests by
returning both data, and an indicator of the validity of the
data.
22. The sensor interface of claim 1, further comprising a
Wireless interface, Wherein the processor is con?gured to
initiate, via the Wireless interface, a broadcast of an exist

a processor con?gured to i) determine What sensor data

possible, satisfy the number of data requests using the
received sensor data.

2. The sensor interface of claim 1, Wherein the processor

is con?gured to dynamically discover the number of physi
cal sensors.

3. The sensor interface of claim 1, Wherein the processor
is con?gured to dynamically discover at least one physical
sensor that resides outside of a device in Which the sensor

interface is installed.
4. The sensor interface of claim 1, Wherein the number of
sensor inputs is a plurality of sensor inputs.
5. The sensor interface of claim 1, Wherein the number of
physical sensors is a plurality of physical sensors.
6. The sensor interface of claim 1, Wherein the number of

ence of at least one of the physical sensors.

23. The sensor interface of claim 1, further comprising a

Wireless interface, Wherein the processor is con?gured to

client inputs is a plurality of client inputs.

initiate, via the Wireless interface, a broadcast of an exist

7. The sensor interface of claim 1, Wherein the number of
clients is a plurality of clients.
8. The sensor interface of claim 1, Wherein the processor

ence of the sensor interface.

is con?gured to satisfy at least one of the data requests by

is dedicated to receive data requests from clients installed on
a mobile device in Which the sensor interface is physically

combining at least some of the sensor data.
9. The sensor interface of claim 1, Wherein the processor

is con?gured to satisfy at least one of the data requests by
converting at least one piece of sensor data.
10. The sensor interface of claim 1, Wherein the processor
is con?gured to select from betWeen tWo or more Ways to

24. The sensor interface of claim 1, Wherein the number

of client inputs include i) at least one Wired client input that
installed, and ii) at least one Wireless client input that is
con?gured to receive data requests from clients external to
the mobile device in Which the sensor interface is physically
installed.

25. A method, comprising:

satisfy a data request using the sensor data.
11. The sensor interface of claim 1, Wherein the processor

receiving data requests from a number of clients, Wherein

is con?gured to select from betWeen tWo or more Ways to

speci?es a particular type of data to be returned,
Without identifying a particular physical sensor to be

satisfy a data request using the sensor data, and Wherein the
selection is made to conserve poWer provided to the number
of physical sensors.
12. The sensor interface of claim 1, Wherein the processor

is con?gured to enable only those of the number of physical
sensors that are needed to satisfy the data requests.
13. The sensor interface of claim 1, Wherein the processor
is con?gured to con?gure at least one of the number of

physical sensors, as necessary to satisfy the data requests.
14. The sensor interface of claim 13, Wherein the proces
sor is con?gured to arbitrate the satisfaction of data requests

requiring con?icting con?gurations of the at least one physi
cal sensor that the processor is con?gured to con?gure.

the data requests include at least one data request that

used in acquiring the particular type of data;
determining What sensor data can be used to satisfy the

data requests;
dynamically discovering a number of physical sensors
from Which a device can currently receive sensor data;

receiving, from ones of the number of physical sensors,
some or all of the sensor data that can be used to satisfy

the data requests; and

if possible, satisfying the data requests using the received
sensor data.
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26. The method of claim 25, further comprising, enabling

host a number of sensor drivers con?gured to commu

nicate With a number of physical sensors via the
number of sensor communication interfaces; and

those of the number of physical sensors that are used to

satisfy the data requests.
27. The method of claim 25, further comprising, con?g
uring at least one of the number of physical sensors, as

if possible, satisfy the data requests by i) determining
What sensor data can be used to satisfy the data
requests, ii) using at least one of the sensor drivers to

necessary to satisfy the data requests.
28. The method of claim 25, further comprising, combin

obtain some or all of the sensor data that can be used

ing at least some of the received sensor data.

29. The method of claim 25, further comprising, convert
ing at least some of the received sensor data.

30. The method of claim 25, further comprising, broad
casting an existence of at least one of the dynamically
discovered physical sensors.

31. A handheld mobile device, comprising:
a number of installed applications;
a number of sensor communication interfaces; and

a sensor interface con?gured to,

provide an application programming interface (API),
Wherein the API is con?gured to i) receive data
requests from the number of installed applications,
and ii) return responses to the data requests to the
number of installed applications;

to satisfy the data requests, and iii) if possible, use
the obtained sensor data to satisfy the data requests.
32. The handheld mobile device of claim 31, Wherein the
number of installed applications include at least one of: a

Web broWser, a camera, a pedometer, and a global position

ing system.
33. The handheld mobile device of claim 31, Wherein the
sensor interface i) provides a virtual sensor that combines at
least some of the received sensor data, and ii) satis?es at

least one of the data requests using an output of the virtual
sensor.

34. The handheld mobile device of claim 31, Wherein the
sensor interface i) provides a virtual sensor that converts at
least some of the received sensor data, and ii) satis?es at

least one of the data requests using an output of the virtual
sensor.

