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(54) Waveform encoding for wireless applications

(57) Processing may be performed by a first device
on behalf of a second device to offload processing from
the second device. In some aspects a device from which
processing has been offloaded may be advantageously
adapted to consume less power, have a smaller size,
and have less complexity. Offloaded processing may be
employed to enable a first device to process data for

transmission and then send the data to another device
for processing. Offloaded processing may be employed
to enable a first device to process data on behalf of a
second device and then send the processed data to the
second device. In some aspects the data may be wave-
form encoded for wireless transmission between the de-
vices. Offloaded processing may be implemented in a
static manner or in a dynamic manner.
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Description

Claim of Priority under 35 U.S.C. §119

[0001] This application claims the benefit of and priority
to commonly owned U.S. Provisional Patent Application
No. 60/793,114, filed April 18, 2006, and assigned Attor-
ney Docket No. 060349P1; U.S. Provisional Patent Ap-
plication No. 60/794,039, filed April 20, 2006, and as-
signed Attorney Docket No. 060033P1; U.S. Provisional
Patent Application No. 60/795,436, filed April 26, 2006,
and assigned Attorney Docket No. 061073P1; U.S. Pro-
visional Patent Application No. 60/795,445, filed April 26,
2006, and assigned Attorney Docket No. 061197P1; and
U.S. Provisional Patent Application No. 60/795,512, filed
April 26, 2006, and assigned Attorney Docket No.
061004P1; the disclosure of each of which is hereby in-
corporated by reference herein.

BACKGROUND

Field

[0002] This application relates generally to wireless
communication, and to offloaded processing for wireless
applications.

Background

[0003] Various types of devices including, for example,
cell phones, computers, and associated peripherals may
utilize wireless communication technology to communi-
cate with one another and with other devices. To facilitate
such wireless communication, these devices perform
various operations associated with the transmission and
reception of data via one or more wireless communica-
tion links (e.g., a wireless network).
[0004] In a typical scenario a first device (e.g., a head-
set) may communicate via a wireless communication link
(e.g., Bluetooth) with a second device (e.g., a cell phone)
to send data to and receive data from a remotely-located
device (e.g., a communication device connected to the
Internet). Here, the first device may include a transducer
(e.g., a microphone) or some other mechanism that gen-
erates data to be sent to the remote device. In addition,
the first device performs various processing operations
to facilitate transmitting the generated data to the second
device via the wireless communication link. For example,
the first device may convert analog generated data to
digital data, attempt to improve one or more character-
istics of the data, compress the data, and encode the
data for transmission to the second device via the wire-
less communication link.
[0005] The second device may then perform various
operations to facilitate transmission of the data to the
remote device. For example, the second device may de-
code the data from the format used for the wireless com-
munication link and then re-encode the data into an ap-

propriate communication format for transmission over a
network (e.g., a cellular network) to the intended desti-
nation.
[0006] Complementary operations may be performed
for data traveling in the opposite direction. For example,
upon receipt of data destined for the first device, the sec-
ond device may perform various operations such as de-
coding data received via the network, decompressing the
data as necessary, and re-encoding the data for trans-
mission via the communication link to the first device.
The first device may then perform operations such as
decoding the received data and processing the decoded
data, as necessary. The first device may then convert
this digital data to analog data and provide the analog
data to another transducer (e.g., a speaker).
[0007] From the above it may be appreciated that dif-
ferent devices in the communication system may have
different processing requirements and, hence, different
processing capabilities. In some cases, however, the
processing capabilities conventionally associated with a
given device may hinder or otherwise negatively affect
other desirable features of the device. For example, in
some applications it is desirable for a mobile device to
be as small as possible and to consume as little power
as possible. In practice, however, meeting these design
goals may be difficult due to the processing requirements
of the device.

SUMMARY

[0008] A summary of sample aspects of the disclosure
follows. It should be understood that any reference to
aspects herein may refer to one or more aspects of the
disclosure.
[0009] The disclosure relates in some aspects to of-
floading processing for a wireless communication device.
For example, processing conventionally performed by a
first device may, instead, be performed by a second de-
vice on behalf of the first device.
[0010] Offloaded processing may be employed to im-
prove or otherwise alter one or more attributes of a given
device or system. In some aspects offloaded processing
may be employed in the event the processing may be
more effectively performed by another device. For exam-
ple, one class of device may have more processing ca-
pabilities, more available power, or a larger footprint than
another class of device. Consequently, a class of device
from which processing has been offloaded may be ad-
vantageously adapted to consume less power, have a
smaller footprint, and have a less complex design.
[0011] The disclosure relates in some aspects to of-
floading processing that would normally be performed on
one device to another device, where the devices are con-
nected wirelessly. Here, the offloaded processing may
prove beneficial (e.g., according to some metric) for the
overall system, even though an additional burden may
be placed on one of the devices. In some aspects of-
floaded processing may be utilized if the cost associated
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with performing the processing is higher that the cost
associated with performing any transmission associated
with the offloading. For example, power savings may be
realized at a device even if additional power is required
to send data (e.g., the data is in an uncompressed form,
so more data is sent) as long as more power is saved by
not having to perform the processing (e.g., data com-
pression).
[0012] In some aspects offloaded processing may be
employed to enable a first device to process data for
transmission and then wirelessly send the data to another
device for processing. For example, the first device may
preprocess an analog data (e.g., raw analog sensed data
such as an analog waveform) for transmission (e.g., in
an analog or digital form) to the second device, while the
second device processes the received data to improve
a least one characteristic represented by the analog data.
In this way, the second device may perform one or more
processing operations on behalf of the first device. For
example, the second device may process the received
data to improve at least one characteristic such as sound
or imagery, or at least one characteristic such as an in-
dication of heart rate, temperature, pressure, velocity, or
acceleration. Here, processing such as equalization,
echo cancellation, active noise reduction, filter and dec-
imate operations, side-tone generation, filter tap gener-
ation, biological processing, ambient condition process-
ing, and voice command and recognition operations may
be performed at the second device rather than at the first
device.
[0013] In some implementations the first device may
waveform encode the analog output of a transducer and
send the resulting data via a wireless link to the second
device. The second device may then process the re-
ceived data on behalf of the first device. Here, the wave-
form encoded data may comprise digital data that repre-
sents the entire waveform (e.g., the waveform encoded
data is of a form that could be converted back to an analog
form to essentially reconstruct the waveform). In some
implementations the waveform encoded data comprises
pulse code modulated data or sigma delta modulated
data. In some implementations the waveform encoded
data may be preprocessed (e.g., encoded, packetized,
and so on) for reliable transmission across the wireless
link.
[0014] In some aspects offloaded processing may be
employed whereby a first device processes data on be-
half of a second device and then sends the processed
data to the second device. For example, the first device
may process received data and waveform encode the
processed data for transmission back to the second de-
vice. The second device may then process the received
waveform encoded data to provide a desired output
based on the data. Here, the second device may pass
the received waveform encoded data directly to an output
transducer.
[0015] In some aspects offloaded processing may be
implemented in a static manner or in a dynamic manner.

As an example of static offloaded processing, a first de-
vice may be adapted (e.g., implemented) to not provide
certain processing capabilities, while a second device
may be adapted to provide those processing capabilities.
In addition, provisions may be made to enable the second
device to perform the corresponding processing on be-
half of the first device.
[0016] As an example of dynamic offloaded process-
ing, both a first device and a second device may be adapt-
ed to provide certain processing capabilities. In addition,
the devices may be adapted to be configurable so that a
dynamic selection may be made as to which of the de-
vices is to perform a given processing operation. For ex-
ample, one of the devices may send a message to the
other device to indicate which of the devices is to perform
a given operation or operations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] These and other features, aspects and advan-
tages of the disclosure will be more fully understood when
considered with respect to the following detailed descrip-
tion, appended claims and accompanying drawings,
wherein:
[0018] FIG. 1 is a simplified block diagram of several
sample aspects of a communication system adapted to
provide offloaded processing;
[0019] FIG. 2, including FIGS. 2A and 2B, depicts sim-
plified block diagrams of several additional sample as-
pects of apparatuses adapted to provide offloaded
processing;
[0020] FIG. 3 is a flowchart of several sample aspects
of operations that may be performed to provide offloaded
processing for received data;
[0021] FIG. 4 is a flowchart of several sample aspects
of operations that may be performed to provide offloaded
processing for data to be transmitted to another device;
[0022] FIG. 5 is a simplified block diagram of several
sample aspects of apparatuses adapted to provide of-
floaded processing for data to be transmitted;
[0023] FIG. 6 is a simplified block diagram of several
sample aspects of a direct drive class-D circuit;
[0024] FIG. 7 is a simplified diagram of several sample
waveforms that may be associated with the circuit of FIG.
6;
[0025] FIG. 8 is a flowchart of several sample aspects
of operations that may be performed to provide offloaded
processing for data received from a device and then
transmitted back to the device;
[0026] FIG. 9 is a flowchart of several sample opera-
tions that may be performed to request offloaded
processing;
[0027] FIG. 10 is a simplified block diagram of several
sample aspects of apparatuses adapted to provide of-
floaded processing for various sensing operations;
[0028] FIG. 11 is a simplified block diagram of several
sample aspects of a communication system including an
intermediary device to facilitate providing offloaded
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processing;
[0029] FIG. 12 is a flowchart of several sample oper-
ations that may be performed to facilitate offloaded
processing using an intermediary device;
[0030] FIG. 13 is a simplified block diagram of several
sample aspects of communication components; and
[0031] FIG. 14, including FIGS. 14A and 14B, depicts
simplified block diagrams of several sample aspects of
apparatuses adapted to provide offloaded processing.
[0032] In accordance with common practice the vari-
ous features illustrated in the drawings may not be drawn
to scale. Accordingly, the dimensions of the various fea-
tures may be arbitrarily expanded or reduced for clarity.
In addition, some of the drawings may be simplified for
clarity. Thus, the drawings may not depict all of the com-
ponents of a given apparatus (e.g., device) or method.
Finally, like reference numerals may be used to denote
like features throughout the specification and figures.

DETAILED DESCRIPTION

[0033] Various aspects of the disclosure are described
below. It should be apparent that the teachings herein
may be embodied in a wide variety of forms and that any
specific structure, function, or both being disclosed here-
in is merely representative. Based on the teachings here-
in one skilled in the art should appreciate that an aspect
disclosed herein may be implemented independently of
any other aspects and that two or more of these aspects
may be combined in various ways. For example, an ap-
paratus may be implemented or a method may be prac-
ticed using any number of the aspects set forth herein.
In addition, such an apparatus may be implemented or
such a method may be practiced using other structure,
functionality, or structure and functionality in addition to
or other than one or more of the aspects set forth herein.
For example, in some aspects a method of processing
data comprises receiving data, wherein the received data
comprise analog data obtained and preprocessed by an-
other device for wireless transmission, and processing
the received data to extract at least one characteristic
represented by the analog data. In addition, in some as-
pects a method of processing data also comprises trans-
mitting the processed data to the other device.
[0034] FIG. 1 illustrates sample aspects of a commu-
nication system 100 where a first wireless device 102
may communicate with a second wireless device 104 via
a wireless communication link 106. In some implemen-
tations the devices 102 and 104 may comprise at least
a portion of a wireless network. For example, the devices
102 and 104 may associate with one another, and op-
tionally one or more other devices, to establish or join a
body area network, a personal area network, or some
other type of network.
[0035] In some aspects the devices 102 and 104 are
adapted such that the device 104 may perform process-
ing on behalf of the wireless 102. For example, rather
than performing a given processing operation at the de-

vice 102, the processing may be offloaded to the device
104. To this end, the devices 102 and 104 include one
or more processor components 108 and 110, respective-
ly, to perform operations to facilitate this offloaded
processing. In addition, the devices 102 and 104 include
transceivers 112 and 114, respectively, for sending data
between the devices 102 and 104.
[0036] Offloaded processing may be employed in a va-
riety of scenarios where multiple devices having different
capabilities communicate with one another to support
certain functionality. For example, a wireless body area
network may include one or more wireless medical sen-
sors that are distributed on a user’s body. Each of these
sensors may send sensed data to a central node such
as a cell phone or a personal data assistant ("PDA").
Another example involves a wireless headset (e.g., an
earpiece) that communicates with a cell phone, a music
player, or some other device. Yet another example is a
tire pressure monitor that is located in a wheel of a car
where the monitor sends pressure readings back to a
dashboard-mounted device via a wireless link. In these
scenarios one of the devices (e.g., the sensors and head-
set) is generally of lower complexity and generally con-
sumes less power than the other device (e.g., the cell
phone or the dashboard-mounted device).
[0037] Typically, low complexity and low-power devic-
es such as these generate raw data that need to be proc-
essed before being used. Examples of such processing
include echo cancellation at the headset to reduce the
effects of surrounding noise, equalization, data compres-
sion of a heartbeat waveform, and audio compression.
In some cases, the processed data are sent to another
device for ultimate use. For example, audio data gener-
ated by a headset may be compressed before it is trans-
mitted to a remote device for playback. In other cases
the processed data are ultimately used at the low com-
plexity, low-power device. For example, active noise re-
duction generates modified audio data that are played
back at the headset. Conventionally, the processing dis-
cussed above is performed on the low complexity, low-
power device.
[0038] By offloading processing from a low power, low
complexity device to a higher power, higher complexity
device as taught herein, one or more advantages may
be obtained in the overall system. For example, moving
processing from a low power, low complexity device to
a higher power, higher complexity device allows the low
power, low complexity device to be of even lower power
and lower complexity. Consequently, such a device,
which may be sold in much greater numbers than the
other device, may cost less to manufacture, may be
smaller (e.g., through the use smaller batteries and less
circuitry) and hence more user friendly, and may require
less frequent recharges or battery replacements. In ad-
dition, economies of scale may exist when multiple de-
vices are deployed in a network. For example, in a sce-
nario where an audio player multicasts an audio stream
to several headsets, performing the active noise cancel-
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lation on the audio player reduces the complexity and
the power draw of multiple headsets while only increasing
the complexity and power consumption of a single device
(i.e., the audio player).
[0039] In the example of FIG. 1, the device 102 in-
cludes one or more input devices 116 that generate
waveform data that may need to be processed. In some
implementations the data to be processed by the device
104 comprise raw data. For example, the device 102 may
not process the data from the input device 116 for any
purpose other than for transmission to the device 104.
Thus, the device 102 may not process the data to improve
any characteristic represented by the data. As a specific
example, the device 102 may not process the data to
improve an attribute such as frequency response, signal-
to-noise ratio, or accuracy of a multimedia waveform, a
biological waveform, or an ambient waveform represent-
ed by the data.
[0040] In some aspects the device 102 includes a pre-
processor 118 that may preprocess the data (e.g., the
raw analog data) for transmission to the device 104. For
example, the preprocessor 118 may perform waveform
processing on the data. Such waveform processing may
include, for example, pulse code modulation encoding or
sigma delta modulation encoding. Thus, the device 102
may transmit waveform data to the device 104, as op-
posed to waveform data that has been further processed
(e.g., compressed, as may be transmitted in a conven-
tional system).
[0041] The preprocessor 118 also may perform oper-
ations such as, error coding, scrambling, etc, to facilitate
transmitting the data. A transmitter 120 is then used to
transmit the preprocessed data to a receiver 122 of the
device 104.
[0042] After the device 104 receives the waveform da-
ta from the device 102, the processor 110 of the device
104 may process the waveform data on behalf of the
device 102. For example, the processor 110 may process
the data to improve one or more characteristics repre-
sented by the data (e.g., as discussed above).
[0043] In some aspects improving the at least one
characteristic represented by the data (e.g., the raw an-
alog waveform data) may comprise extracting (e.g., by
an extractor component 124) at least one characteristic
represented by the data (e.g., the raw analog data) gen-
erated by the device 102. For example, extraction may
involve extracting a voice signal from the received data
(representative of the raw sensed data), extracting a bi-
ological parameter (e.g., a heart beat waveform), extract-
ing an ambient parameter (e.g., a pressure waveform),
or some other similar operation. Advantageously this
process may be performed in a manner that improves a
characteristic represented by the data. For example, ex-
traction may involve filtering, denoising, noise cancella-
tion, or some other suitable technique.
[0044] In some aspects extraction may involve extract-
ing an indication relating to the received data (represent-
ative of the raw sensed data). For example, extraction

may comprise extracting an indication of a biological pa-
rameter (e.g., a heart rate value), extracting an indication
of an ambient parameter (e.g., a pressure value), or some
other similar indication. Again, such a process may be
performed in a manner that improves a characteristic rep-
resented by the data. For example, indications of a heart
rate (e.g., as derived from multiple sensors that detect a
heart beat waveform) may be averaged to provide an
improved ultimate heart rate value. Similar operations
may be performed for other indications of a biological or
ambient parameter. Improving a characteristic also may
comprise improving machine readability or human read-
ability of values represented by the analog data. For ex-
ample, extracting or computing an indication of heart rate
(or some other parameter) may improve the character-
istic of machine readability or human readability of the
analog data. Here, an indication of a heart rate (or some
other parameter) may be obtained (e.g., extracted or
computed) by converting pulses from a sensor to a nu-
meric heart rate value (or some other type of value).
[0045] In conjunction with the extraction (or following
the extraction) a waveform processor 136 may perform
the desired waveform processing on the extracted wave-
form data. For example, as will be discussed in more
detail below, such waveform processing may involve im-
proving at least one characteristic of the data by perform-
ing operations such as equalization, echo cancellation,
active noise cancellation, filter tap computation, side-
time processing, biological-related (e.g., medical-relat-
ed) processing, voice-command and recognition, and
processing of ambient conditions.
[0046] The processing may thereby improve at least
one attribute of a characteristic. Such an attribute may
relate to, for example, frequency response, signal-to-
noise ratio, or accuracy. In some aspects the extraction
process may involve, for example, substantially recon-
structing data representative of the waveform data (e.g.,
the raw data) generated by the device 102.
[0047] In some aspects, the result of the extraction
process may provide data that have less degradation of
the least one characteristic, as compared to the data gen-
erated by the device 102 (e.g., the analog raw data). For
example, there may be less noise in the extracted data
relative to the characteristic represented by the data
(e.g., an audio waveform) than in the raw analog data.
Similarly, the magnitude of any interference-related com-
ponent in the extracted data may be less than the mag-
nitude of such a component in the raw analog data. It
should be appreciated that the processing performed
here (e.g., relating to a characteristic represented by the
data) may be distinguishable from processing that simply
operates on the data (e.g., compressing or decompress-
ing the data).
[0048] A characteristic represented by the data may
relate to various types of data (e.g., multimedia data, bi-
ological data, and ambient data) and various aspects of
that data. For example, a characteristic represented by
data may comprise audio, music, voice, speech, video,
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a heart beat, blood pressure, body temperature, oxygen
concentration levels, glucose levels, pressure, tempera-
ture, velocity, acceleration, or some other event or con-
dition.
[0049] In addition, as mentioned above a characteristic
represented by the data may comprise an indication re-
lating to one or more of the above events and conditions.
For example, an audio-related characteristic may com-
prise a noise level of the audio, an audio-related charac-
teristic may comprise a pleasantness of the audio to the
human ear, a heart beat-related characteristic may com-
prise a computed heart rate, a pressure-related charac-
teristic may comprise a computed blood pressure value,
a temperature-related characteristic may comprise a
computed temperature value, an oxygen concentration-
related characteristic may comprise a computed value
of oxygen concentration, a glucose level-related charac-
teristic may comprise a computed glucose level value, a
temperature-related characteristic may comprise a com-
puted temperature value, a velocity-related characteristic
may comprise a computed velocity value, and an accel-
eration-related characteristic may comprise a computed
acceleration value.
[0050] Also as discussed above, in some aspects the
offloaded processing may improve at least one of the
characteristics represented by the data. For example,
improving an audio-related characteristic may comprise
reducing noise in audio or improving pleasantness of the
audio to the human ear (e.g., adding side-tones). Improv-
ing a biological related-characteristic may comprise im-
proving a calculation (e.g., improving the accuracy of the
calculation) for determining a heart rate, blood pressure,
etc. Improving an ambient-related characteristic may
comprise improving a calculation (e.g., improving the ac-
curacy of the calculation) for determining pressure, ve-
locity, etc.
[0051] In some aspects the processor 110 may proc-
ess the data to facilitate transmission to the device 102
and, in some cases, to further reduce the processing re-
quired by the device 102. For example, a waveform en-
coder 126 may provide processed data in a waveform
encoded form such as pulse code modulated data or sig-
ma delta modulated data. This data may then be trans-
mitted to the device 102 without any further processing
(e.g., compression) other than standard transmission-re-
lated processing. Thus, the device 104 also may transmit
waveform data to the device 102, as opposed to proc-
essed data representative of the waveform. As will be
discussed below, in this case less processing may be
performed at the device 102 since the device 102 will
receive data in a form that may be readily provided to an
output device.
[0052] After the data is processed, the device 104
sends the data to the appropriate destination. For exam-
ple, a local area network or wide area network commu-
nication component 128 of the device 104 may send the
processed data to another device via an appropriate
communication link (e.g., to a wide area network such

as a cellular network or to the Internet, not shown in FIG.
1).
[0053] As discussed above, the device 104 may send
the processed data back to the device 102. This may be
the case, for example, in the event the device 102 is the
ultimate user of the data or in the event the device 102
is better suited to forward the processed data to the ulti-
mate destination. Here, the processor 110 may encode
the data, as necessary, depending upon the transmission
scheme used over the link 106 and then provide the en-
coded data to a transmitter 130.
[0054] A receiver 132 of the device 102 may then pro-
vide the received data to the processor 108 for commu-
nication-related processing. For example, the processor
108 may decode the received data, as necessary, de-
pending upon the transmission scheme used over the
link 106.
[0055] The processor 108 may further process the re-
ceived data to provide the data in a form suitable for out-
put via one or more output devices 132. Advantageously,
in the event the wireless device 104 provided the data in
a waveform encoded format, relatively minimal process-
ing may be required here. For example, a waveform proc-
essor 134 may process received pulse code modulated
data or sigma delta modulated data to generate analog
data or may process pulse code modulated data to gen-
erate sigma delta modulated data that is provided to the
output device 132. Moreover, in some implementations
sigma delta modulated data may be provided directly to
the output device 132.
[0056] To further illustrate how offloaded processing
may be implemented, an example of offloaded process-
ing will be briefly discussed in the context of an imple-
mentation where the device 104 comprises a wireless
device such as a cell phone or an entertainment device
(e.g., an audio player) and the device 102 comprises a
headset for the wireless device. In this use case, various
types of processing may be offloaded from the headset
102 to the device 104. For example, in some implemen-
tations it may be desirable to provide echo cancellation
or active noise cancellation for the headset 102. Here,
the input device 116 may comprise a microphone that
senses ambient sound. The headset 102 may thus trans-
mit the raw sensed ambient sound data (e.g., a wave-
form) to the device 104 as discussed above.
[0057] The device 104 processes the raw sensed data
in conjunction with other input data to provide, for exam-
ple, the desired equalization, equalizer tap weight com-
putation, echo cancellation or active noise cancellation.
In the case of an audio player, the other input data may
comprise data (e.g., the audio waveforms) to be played
out by the headset 102. This input data may be generated
by the device 104 or may be received from another device
via the communication component 128.
[0058] The device 104 transmits the processed data
(e.g., equalized data, tap weights, echo cancelled data,
noise cancelled data) back to the headset 102 or to some
other destination. In the former scenario, the headset 102
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may then provide the received processed data to a
speaker 132. Here, it should be appreciated that the op-
erations discussed above may be performed fast enough
to provide effective echo cancellation, active noise can-
cellation, or some other type of processing.
[0059] With the above overview in mind, additional de-
tails of a system incorporating offloaded processing and
associated operations will be discussed in more detail in
conjunction with FIGS. 2A, 3, and 4. FIG. 2A illustrates
sample components of a system 200 including a wireless
peripheral device 202 and a wireless device 204 that
may, in one or more aspects, be similar to the wireless
device 102 and the wireless device 104, respectively.
FIG. 3 relates to operations that may be performed, for
example, to transmit data from a device that generates
sensed data to another device.
FIG. 4 relates to operations that may be performed, for
example, to transmit data from a device to another device
that outputs the data. For convenience, the operations
of FIGS. 3 and 4 (or any other operations discussed or
taught herein) may be described as being performed by
specific components (e.g., the system 200). It should be
appreciated, however, that these operations may be per-
formed by other types of components and may be per-
formed using a different number of components. It also
should be appreciated that one or more of the operations
described herein may not be employed in a given imple-
mentation.
[0060] FIG. 2A describes an example where the device
202 is a peripheral device of the wireless device 204. For
example, the wireless device 204 may comprise a wire-
less station that is in communication with one or more
other devices (e.g., a wireless access point). In some
implementations the wireless device 204 may comprise
a cell phone. In this case, the peripheral device 202 may
comprise, for example, a peripheral such as a headset,
a watch, medical device, or some other suitable device.
It should be appreciated that the teachings herein may
be implemented in a variety of ways other than those
specifically described herein. Hence, in other implemen-
tations the device 202 may not be a peripheral device.
[0061] FIG. 2A also describes an example where the
devices 202 and 204 communicate via air interfaces for
a body area network or a personal area network. It should
be appreciated however, that the devices 202 and 204
may communicate using other types of communication
links.
[0062] Referring now to FIG. 3, in some aspects of-
floaded processing may relate to a scenario where one
device receives data from another device and then proc-
esses the data on behalf of that other device. As repre-
sented by block 302, an input transducer 206 (e.g., a
sensor) of the device 202 in FIG. 2A generates data that
correspond to the transducer type. For example, in some
implementations the transducer 206 may be adapted to
sense a multimedia characteristic such as an audible
characteristic (e.g., sound, audio, voice, or music), a vis-
ual characteristic (e.g., still imagery such as a picture or

moving imagery such as video), or some combination of
two or more of these characteristics, to generate multi-
media data. In some implementations the transducer 206
may be adapted to sense a biological-related character-
istic such as a heartbeat, blood pressure, body temper-
ature, oxygen concentration levels, glucose levels, and
so on. In some implementations the transducer 206 may
be adapted to sense an ambient-related characteristic
such as pressure, temperature, velocity, acceleration,
and so on.
[0063] In some aspects sensed data generated by the
transducer 206 is in the form of analog data. Such analog
data may represent, for example, a continuous waveform
(e.g., audio data), a non-continuous waveform (e.g., a
heartbeat), or information that is more discrete in nature
(e.g., pressure, velocity, etc.).
[0064] As represented by block 306, the device 202
preprocesses the sensed data for transmission. As dis-
cussed above, in some implementations the preprocess-
ing may involve waveform encoding the sensed data
(e.g., the raw analog data output by the transducer 206).
Here, a waveform encoder 210 may perform operations
such as sigma delta modulation encoding, pulse code
modulation encoding, or some others suitable form of
waveform encoding. By converting the analog data to
digital form, the raw waveform data may be readily trans-
mitted over a communication link that utilizes digital
transmission.
[0065] Here, it should be appreciated that the data may
be sent over the communication link at a relatively high
data rate. For example, rather than sending compressed
data to the device 204, the data may be sent in a full
pulse code modulated form or in an oversampled form
(e.g., sigma delta modulated data). Thus, in contrast with
conventional techniques that compress the data before
sending it over a communication link (e.g., using sub-
band coding in conjunction with Bluetooth, MP3, or stereo
encoding) and decompress received data, less process-
ing may be involved with the disclosed approach. For
example, for transmission, a conventional technique may
convert sigma delta modulated data to pulse code mod-
ulated data and may compress pulse code modulated
data before transmitting the data. Conversely, the receive
side may involve decompressing data to provide pulse
code modulated data or converting pulse code modulat-
ed data to signal delta modulated data.
[0066] Although the disclosed approach may require
more wireless bandwidth than approaches that use com-
pression, a favorable tradeoff may be achieved particu-
larly in applications that use a relatively high bandwidth
communication channel, that are able to transmit data
more efficiently, or both. This may be the case, for ex-
ample, in applications that employ ultra-wideband com-
munication (e.g., impulse-based ultra-wideband).
[0067] The use of sigma delta modulation also may
facilitate more reliable transmission of data over the wire-
less link. For example, given that every bit in a sigma
delta modulated signal is, in effect, a least significant bit,
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a loss of a given bit during transmission may not have a
significant effect on the recovered data. In contrast, in
schemes that send full pulse code modulated data (e.g.,
16 bit PCM) over a link, a loss of any of the more signif-
icant bits may have a significant negative impact on the
recovered data.
[0068] The device 202 also may preprocess the
sensed data to facilitate reliable transmission over the
communication link. For example, a transmission pre-
processing component 211 may provide channel coding,
error coding, scrambling, interleaving, formatting, or oth-
er similar signal processing.
[0069] As represented by blocks 308 and 310, a trans-
mitter 212 transmits the preprocessed data via a wireless
communication link to a receiver 214 of the device 204.
The device 204 may then perform processing comple-
mentary to some of the preprocessing performed at block
306 to recover the waveform encoded data generated at
block 306. For example, one or more processors 216 of
the device 204 may perform channel decoding, error de-
coding, descrambling, deinterleaving, deformatting, or
other similar operations.
[0070] As represented by block 312, the processor 216
of the device 204 may then process the received data on
behalf of the device 202. To this end, the processor 216
may extract at least one characteristic represented by
the sensed analog data. As discussed above, this may
involve substantially reconstructing the original analog
data from the received data (e.g., generating data rep-
resentative of the original waveform, plus quantization
noise). For example, the processor 216 may derive sigma
delta modulated data, pulse code modulated data, or an-
alog data that will then be further processed on behalf of
the device 202.
[0071] The processing of block 312 may take various
forms depend upon the requirements of a particular ap-
plication. In some implementations (e.g., where the
waveform data comprise audio data) an equalizer 218
may equalize the received data (e.g., to improve the fre-
quency response of the audio waveform). Thus, in this
case, the equalization components and the power con-
sumption associated with the equalization processing
may be offloaded from the device 202 to the device 204.
It should be appreciated that the processing may be of-
floaded in various ways. As discussed below, in some
implementations only a portion of the processing may be
offloaded. For example, the device 202 may perform the
equalization filtering while computation of tap weights
may be offloaded to the device 204.
[0072] In implementations where the waveform encod-
ing of block 210 was sigma delta encoding, a filter and
decimator 220 may process the sigma delta modulation
data to, for example, complete the analog-to-digital con-
version process. That is, the filter and decimator 220 may
generate pulse code modulation data from the sigma del-
ta modulation data. This configuration may thus reduce
the number of components and the power consumption
of the device 202 by performing these operations on the

device 204.
[0073] FIG. 2A illustrates several other processing
components that may perform processing on behalf of
the device 202. For example a filter tap computation com-
ponent 238 may compute equalizer filter taps for the de-
vice 202. In this case, the data the device 202 transmits
to the device 204 may comprise information to be utilized
for the tap weight computation. After performing the nec-
essary processing, the component 238 may then send
the computed tap weights back to the device 202.
[0074] In some implementations a side-tone process-
ing component 240 may add side-tone information to in-
formation destined for the device 202. In this case, the
device 202 may send audio (e.g., voice) from a micro-
phone to the device 204. The component 240 may then
add this information (e.g., reduced by 10dB) to audio
(e.g., voice traffic) being sent to the device 202 for play-
back on a speaker.
[0075] In some implementations a biological process-
ing component 242 may perform biological-related
processing for the device 202. For example, the compo-
nent 242 may receive sensor data (e.g., heart beat infor-
mation) from the device 202 (e.g., a medical device) and
process the data and, in some cases provide feedback
to the device 202 or to some other device based on the
sensor data. In some implementations the component
242 may detect EKG anomalies and exceptions and then
cause one or both of the device 202 and 204 (or some
other device) to change a mode of operation.
[0076] In some implementations a voice command and
recognition component 244 may perform voice recogni-
tion-related processing for the device 202. For example,
the device may send sensor data (e.g., from a micro-
phone) to the device 204. The component 244 may then
perform voice and command recognition processing on
the sensor data and send the results (e.g., an index value
representative of the command) back to the device 202.
[0077] As will be discussed in more detail below, the
processor 216 may include other components for per-
forming offloaded operations. These operations may re-
late to, for example, echo cancellation, active noise can-
cellation, processing of biological-related data, and
processing of ambient-related data.
[0078] As represented by block 314, the device 204
may perform other processing depending upon the re-
quirements of a given implementation. For example, in
some implementations the processed data from block
312 may be transmitted to some other device. Accord-
ingly, the processed data may be formatted as necessary
(e.g., by a communication processor 222) for transmis-
sion via an appropriate communication link (not shown
in FIG. 2A) such as, for example, a wide area network
(block 316).
[0079] Referring now to FIG. 4, in some aspects of-
floaded processing may relate to a scenario where one
device processes data on behalf of another device before
sending the processed data to the other device. As rep-
resented by block 402, data destined for the device 202
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may be generated at the device 204 or received at the
device 204. As an example of the former scenario, the
device 204 may comprise an entertainment device (e.g.,
a music player) that generates audio data to be played
out by the device 202. As an example of the latter sce-
nario, the device 204 may comprise a wireless station
(e.g., a cell phone) that receives voice data to be played
out by the device 202.
[0080] As represented by block 404, the processor 204
may process the received data. For example, the com-
munication processor 222 may perform various decoding
operations to recover data transmitted via a wide area
network or in some other manner. In addition, as will be
discussed in more detail below, the wireless device 204
may decompress the received or generated data in the
event the data was previously compressed.
[0081] As represented by block 406, the processor 216
may then process the data on behalf of the device 202.
Again, the processor 216 may improve at least one at-
tribute associated with at least one characteristic repre-
sented by the data. For example, in a similar manner as
discussed above, the equalizer 218 may equalize data
destined for the device 202. Also, as will be discussed in
more detail in conjunction with FIG. 8 below, the proces-
sor 216 may process data generated or received by the
wireless device 204 in conjunction with data received
from the device 202 to provide data to be sent back to
the device 202.
[0082] As discussed above in conjunction with FIG. 1,
the processor 216 may waveform encode data destined
for the device 202 to enable the device 202 to more ef-
ficiently output the data. Again, rather than sending com-
pressed data to the device 202, the data may be sent in
a full pulse code modulated form or in an oversampled
form (e.g., sigma delta modulated data) so that the device
202 need not decompress the received data. Moreover,
as will be discussed in more detail below in conjunction
with FIGS. 5 - 7, an additional advantage may be
achieved in some applications by transmitting sigma del-
ta modulated data over the wireless link.
[0083] As represented by blocks 408 and 410, a trans-
mitter 224 of the device 204 transmits the processed data
via a wireless link to a receiver 226 of the device 202. In
a similar manner as discussed above, the devices 204
and 202 may perform various operations (e.g., relating
to channel coding/decoding, etc.) to facilitate transmitting
and receiving the data via the wireless link.
[0084] The device 202 may optionally waveform de-
code the received data. For example, in the event the
processor 216 generated waveform encoded data, a
waveform decoder 228 may perform waveform decoding
operations to convert the waveform data into analog data
or sigma delta modulated data.
[0085] As represented by block 412, in some imple-
mentations processing of the received waveform encod-
ed data (e.g., sigma delta modulated data) may simply
involve the receiver 226 directly passing the waveform
data to an output transducer 232 (e.g., to a buffer for the

transducer 232). In this case, the device 202 may not
perform any non-transmission related processing of the
received data. Such an implementation will be discussed
in more detail below in conjunction with FIGS. 6 and 7.
[0086] In any event, as represented by block 414, data
in the appropriate format are provided to the transducer
232 that outputs the data in the appropriate manner. For
example, a speaker may be used to output some form
of audio data.
[0087] Offloaded processing may be implemented in
a variety of ways and used to support various function-
ality. In some implementations one or both of the devices
202 and 204 may optionally provide additional process-
ing. In some implementations only a portion of the
processing that would otherwise be performed by the de-
vice 202 may be offloaded to the device 203. In some
implementations a decision as with whether to offload
processing may be made in a dynamic manner. FIG. 2B
illustrates a system 200B with devices 202B and 204B
that include several components that may be used in
implementations such as these. In general, the compo-
nents of FIG. 2B that have the same or similar reference
designations as components of FIG. 2A may have the
same or similar functionality as well.
[0088] As discussed above, in some implementations
all non-transmission related processing of the sensed
data may be offloaded to the wireless device 204. How-
ever, in some implementations some processing may still
be performed by the device 202. Accordingly, as shown
in FIG. 2B in some aspects the device 202B may option-
ally include a processor 208 for processing the sensed
data.
[0089] Also as discussed above, in some implemen-
tations all non-transmission related processing of the
sensed data being sent to the device 202 may be offload-
ed to the wireless device 204. However, in some imple-
mentations some processing may still be performed by
the peripheral device. Accordingly, as shown in FIG. 2B
in some aspects the device 202B may optionally include
a processor 230 for processing the received data.
[0090] In some implementations the device 202B may
perform some processing and offload other processing
onto device 204B. For example, the device 202B (e.g. a
headset) may have processing capabilities (e.g., provid-
ed by processor 230) relating to one or more of MP3
decompression, echo cancellation, and side-tone gener-
ation. As represented by line 246, the processor 230 may
receive information for some of this processing (e.g., the
side-tone generation) from the input transducer 206. In
addition, the device 204B (e.g., a cell phone) may include
processing capabilities to provide one or more of these
operations. For example, one or more processors 216B
may include an MP3 decompressor 248, a side-tone
processor 250, or an echo canceller 234. Hence, depend-
ing on the requirements of a given application, the de-
vices 202B and 204B may be configured so that the de-
vice 204B receives sensor data from the device 202B to
perform one or more of the operations to be offloaded

15 16 



EP 2 211 519 A1

10

5

10

15

20

25

30

35

40

45

50

55

from the device 202B.
[0091] In some implementations processing may be
offloaded in a dynamic manner. For example, the device
202B may detect that the device 204B has the capability
to perform the same types of operations that the device
202B may perform (e.g., MP3 decompression, etc.). Con-
sequently, the device 202B may shut down its circuits or
disable its functionality and use the processing of the
device 204B as long as the device 202B is communicat-
ing with the device 204B. Thus, when operating on its
own, the device 202B may provide its own processing
(e.g., streaming MP3 music from a FLASH dongle without
MP3 decompression capability). In addition, if the charge
on the battery of the device 204B drops below a critical
point, the device 204B may stop providing offloaded
processing (e.g., decompressing MP3 data), and may
instead send unprocessed data (e.g., compressed MP3
data) to the device 202B, whereby the device 202B will
perform the processing. In another use case, the device
202B (e.g., a heart rate monitor sensor) may initially send
processed sensor data (e.g., a measured heart rate) to
a second device that does not have offloading-related
processing capabilities (e.g., the device may be a watch
that simply displays the information). Then, at some other
time, the device 202B may send the unprocessed sensor
data (e.g., a heart beat waveform) to another device 204B
(e.g., a cell phone) that does have the appropriate
processing capabilities (e.g., heart rate detection).
[0092] The wireless device 204 of FIG. 2A may perform
various types of operations on behalf of the wireless de-
vice 202. FIG. 5 illustrates sample components in an im-
plementation where a wireless device 502 (e.g., that may
be similar to the device 204) may provide some or all of
the signal processing that needs to be performed on data
to be output by a wireless device 504 (e.g., that may be
similar to the device 202). Here, the device 502 may send
the processed data to the device 504 in the form of wave-
form data. Consequently, the device 504 may simply pro-
vide the received waveform data to an appropriate output
device such as a transducer.
[0093] In a similar manner as above, the device 502
may include a communication processor 506 that may,
for example, receive data via a local area network, a wide
area network, or some other communication link. The
communication processor 506 may process (e.g., de-
code) the received data, as necessary, to extract data
that are destined for the device 504.
[0094] The resulting data are provided to a data proc-
essor 508 that may process the data on behalf of the
device 504. The data processor 508 may comprise a data
decompressor 510 that decompresses the data in the
event the data were previously compressed. In addition,
the data processor 508 may comprise a processor 512
that may provide signal processing functionality such as,
for example, decoding. In some aspects the signal
processing also may attempt to improve at least one char-
acteristic represented by the data as taught herein.
[0095] In some aspects the processor 512 may provide

waveform processing functionality to generate waveform
encoded data. For example, in a similar manner as dis-
cussed above, the processor 512 may generate pulse
code modulated data, sigma delta modulated data, or
some other form of waveform encoded data.
[0096] A transmitter 514 may then transmit the proc-
essed data via an appropriate communication link 516
to the device 504. As discussed above, the data may be
transmitted in a substantially unprocessed form. For ex-
ample, the transmitter 514 may transmit waveform en-
coded data that have not been compressed.
[0097] At the device 504, a receiver 518 processes the
data received via the link 516 (e.g., in a similar manner
as discussed above). In an implementation where the
device 502 provides waveform encoded data, the receiv-
er 518 may output the raw waveform encoded data. A
waveform processor 520 may then process the received
waveform encoded data, as necessary, and provide that
data to an appropriate transducer 522 (e.g., a speaker).
[0098] In some aspects waveform processing may be
advantageously employed to reduce the amount of
processing required and the power consumed by the de-
vice 504. For example, the waveform processor 520 and
the transducer 522 may comprise a general amplifier, a
class-D amplifier, or a direct drive class-D amplifier. Al-
ternatively, in some implementations signal delta data
may be passed unprocessed to a general class-D am-
plifier. One implementation of a direct drive class-D am-
plifier circuit will be discussed in more detail conjunction
with FIGS. 6 and 7.
[0099] FIG. 6 illustrates sample aspects of an output
transducer circuit 600 that may be directly driven by re-
ceived waveform data 602 (e.g., sigma delta modulated
data). Here, the output transducer circuit 600 comprises
a direct drive class-D controller 604 that generates con-
trol signals 606A and 606B for controlling a pair of switch-
es 608A and 608B (e.g., transistors) that, in turn, drive
an output transducer 610 (e.g., via a low pass filter 612,
if necessary). In some aspects the direct drive class-D
controller 604 may generate the control signals 606A and
606B based on differences in durations associated with
different levels of the waveform data 602. For example,
referring to FIG. 7, the generation times and the widths
of the control signals Q1 and Q2 (e.g., control signals
606A and 606B) may be based on differences between
the widths of successive levels of one and zeros in the
sigma delta modulated waveform data S (e.g., waveform
data 602). Thus, the received waveform data 602 may
directly drive the transducer 610 without being subjected
to processing such as signal processing that attempts to
improve a characteristic represented by the data or
processing that converts the waveform data to analog
data. By eliminating this signal processing, a wireless
device (e.g., the device 504) may consume less power
than a conventional device that does perform such signal
processing.
[0100] Referring again to FIGS. 6 and 7, additional de-
tails of the generation of the control signals 606A and
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606B will now be treated. In some implementations the
control signals Q1 and Q2 may be generated at intervals
associated with sets of successive high-level portions
(e.g., having a value of "1") and low-level portions (e.g.,
having a value of "0") of the waveform data S. The time
periods represented by lines W0, W2, and W4 define one
example of such sets of successive high-level and low-
level portions. The time period W0 includes time periods
P0 and P1 where the waveform data S consist of five
consecutive high-level pulses followed by three consec-
utive low-level pulses, respectively. Similarly, the time
period W2 includes time periods P2 and P3 where the
waveform data S consist of four consecutive high-level
pulses and five consecutive low-level pulses, respective-
ly. In addition, the time period W4 includes time periods
P4 and P5 where the waveform data S consist of seven
consecutive high-level pulses and three consecutive low-
level pulses, respectively.
[0101] In the example of FIG. 7, the control signals Q1
and Q2 are generated based on the pulses of time peri-
ods W0, W2, and W4. In particular, a negative-going
pulse may be generated for signal Q1 in the event the
number of high-level pulses of a given time period (e.g.,
time period W0) is greater than the number of low-level
pulses of that time period. Conversely, a positive-going
pulse may be generated for signal Q2 in the event the
number of high-level pulses of a given time period is less
than the number of low-level pulses of that time period.
Thus, in the example of FIG. 7, a pulse is generated on
signal Q1 after the time periods W0 and W4 while a pulse
is generated on signal Q2 after time period W2.
[0102] In some aspects the widths of the control pulses
Q1 and Q2 are based on pulses of the time periods W0,
W2, and W4. For example, the width of a control signal
may be based on the difference between the number of
high-level pulses and low-level pulses within a given time
period. Thus, in the example of FIG. 7, the first pulse of
control signal Q1 has a width of two pulses because the
time period P0 had five high-level pulses and the time
period P1 had three low-level pulses. Similarly, the pulse
of control signal Q1 following the time period W2 has a
width of one pulse because the time period P2 had four
high-level pulses and the time period P3 had five low-
level pulses.
[0103] The above implementation advantageously
provides a class-D type output that utilizes tri-state con-
trol signals. For example, in the event the durations of
successive levels of the waveform data are equal (e.g.,
representative of silence in an audio signal), both control
signals will be off. Thus, the control signals may have a
state that turns one switch on, another state that turns
the other switch on, and yet another state that does not
turn either of the switches on. Through the use of such
a tri-state technique, the power consumption of the circuit
600 may be substantially proportional to the volume and
activity level of, for example, an audio signal represented
by the waveform data 602.
[0104] It should be appreciated that the control signals

Q1 and Q2 may be generated based on other timing re-
lationships. For example, in some implementations the
control signals Q1 and Q2 may be generated based on
the sets of pulses associated with time periods W1, W3,
W5, and so on. In addition, in some applications the con-
trol signals Q1 and Q2 may be generated based on the
even time windows (W0, W2, W4, etc.) and the odd time
windows (W1, W3, W5, etc.), thereby doubling the
number of pulses output on Q1 and Q2. Here, collisions
between active Q1 and Q2 pulses may be more frequent;
consequently, provisions may be made to ensure that
the switches are not turned on simultaneously.
[0105] A direct drive class-D amplifier circuit or some
other similar circuit that provides functionality similar to
that discussed above may be implemented in a variety
of ways. For example, in some implementations the con-
troller 604 may comprise a pulse counter 614 that counts
the number of pulses associated with each level of the
waveform data 602. The resulting count may then be sent
to a control pulse generator 616 that generates the con-
trol signals 606A and 606B as discussed above. In some
implementations an up/down counter may be used to de-
termine the difference in the number of ones and zeros
in successive levels of the waveform data 602. In this
case, the resulting count value may be passed to another
counter that down counts to output a pulse of an appro-
priate width to thereby generate the control signals 606A
and 606B. In some aspects the output stage (e.g., includ-
ing the switches 608A and 608B and the transducer 610)
may instead comprise an H-bridge including two switch
pairs where each switch pair is coupled to a unique one
of the two input terminals of the transducer 610.
[0106] As discussed above, in some implementations
the waveform data may comprise multi-bit pulse code
modulated data. In this case, the controller 604 may com-
prise a sigma delta modulation encoder that converts
pulse code modulated data into sigma delta modulated
data (e.g., the waveform data S of FIG. 7).
[0107] The teachings herein may be employed with
other types of pulse width modulation schemes. For ex-
ample, the circuit 600 may be adapted to process wave-
form data that take more of an analog form (e.g., data
that are not quantized in time). Hence, the controller 604
may be adapted to generate the control signals 606A and
606B based on the pulse width of the waveform data 602
rather than pulse counts (e.g., "1s" and "0s").
[0108] The waveform data may represent any of vari-
ous types of information. For example, the waveform data
may represent audio signals, various forms of sensed
signals, RF signals, or some other suitable information
(e.g., as discussed above).
[0109] Referring now to FIG. 8, in some aspects of-
floaded processing may relate to a scenario where one
device receives data from another device, processes that
data on behalf of the other device, and then sends the
processed data back to the other device. Blocks 802,
806, and 808 of FIG. 8 represent operations that may be
performed by device such as the wireless device 202 of
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FIG. 2A. In some implementations the operations of
blocks 802, 806, and 808 may be similar to the operations
of blocks 302, 306, and 308 discussed above. Thus, the
device 202 may generate or otherwise obtain data, and
send the data to another device (e.g., the device 204) for
processing. In addition, the device 202 may utilize wave-
form processing to preprocess the generated data for
transmission.
[0110] Here, the data sent to the device 204 may be
used to generate data that will be sent back to the device
202. For example, in implementations that incorporate
echo cancellation the data from a microphone (e.g., a
headset microphone) may comprise the raw data that is
sent to the device 204 for use in echo cancellation oper-
ations. Similarly, in implementations that incorporate ac-
tive noise cancellation the data from another microphone
(e.g., a microphone it senses ambient sound) may be
sent to the device 204 to be used in active noise cancel-
lation operations.
[0111] Blocks 810, 812, 814, and 816 of FIG. 8 repre-
sent operations that may be performed by a device such
as the wireless device 204 of FIG. 2A. In some imple-
mentations the operations of blocks 810 and 814 may be
similar to one or more of the operations of blocks 310,
312, and 314 discussed above. Thus, the device 204
may process the data received from the device 202. In
addition, in some implementations the operations of
blocks 812 and 814 may be similar to one or more of the
operations of blocks 402, 404, and 406 discussed above.
Thus, the device 204 may process data destined for the
device 202.
[0112] In either case, the device 204 may process the
data it receives on behalf of the device 202. In addition,
the device 204 may perform other processing, as neces-
sary, as discussed herein.
[0113] In some implementations an echo canceller 234
of the processor 216 may perform echo cancellation op-
erations on behalf of the device 202. To this end, the
echo canceller 234 may process data received from the
device 202 as well as data being transmitted to the device
202 to reduce any echo components that may be present
in the data.
[0114] In some implementations an active noise can-
celler 236 of the processor 216 may perform active noise
cancellation operations on behalf of the device 202. To
this end, the active noise canceller may process data to
be output by a transducer (e.g., a headset speaker) of
the device 202 as well as data generated by an input
transducer 206 (e.g., an ambient microphone) of the de-
vice 202. In this way, the active noise canceller 236 may
add a signal component to the data being sent to the
device 202 that will cancel out ambient noise that may
otherwise be heard by the user of the device 202.
[0115] It should be appreciated that the above are but
a few examples of operations the device 204 may perform
on behalf of the device 202, and that other operations
may be employed in accordance with the teachings here-
in. After the device 204 completes the processing of the

data, the device 204 may send the processed data back
to the wireless device 202 via the wireless link (block
816). As discussed above, in some implementations the
device 204 may send the waveform encoded data to the
device 202 to enable the device 202 to efficiently output
the desired data.
[0116] Blocks 818 and 822 again represent operations
that may be performed by a device such as the wireless
device 202. In some implementations the operations of
blocks 818 and 822 may be similar to the operations of
blocks 410, 412, and 414 discussed above. Thus, the
device 202 may process the received data as necessary,
and output the data via the output device 232.
[0117] As mentioned above, offloaded processing may
be implemented in a static manner or in a dynamic man-
ner. Here, a decision as to whether to implement or in-
voke offloaded processing may be based on one or more
of a variety of factors. For example, processing may be
offloaded to a "more capable" device that has more
processing resources. Such processing resources may
include a larger capacity battery, more processing capa-
bility (e.g., a faster processor), more efficient processing,
and so on. In addition, processing may be offloaded (e.g.,
at design time) based on criteria such as a desire to keep
the cost of a device as low as possible, to reduce the
complexity of a device, or to reduce the size of a device
(e.g., by reducing the size of the battery and the integrat-
ed circuit die). In some aspects processing may be of-
floaded based on defined classes of devices. For exam-
ple, the classes may be associated with different
processing resources, different price targets, different
complexity, and difference sizes. Here, different types of
processing may be offloaded to different classes of de-
vices.
[0118] In some aspects devices may be dynamically
configured, as necessary, to provide offloaded process-
ing. Here, the dynamic offloaded processing may be in-
voked by operation of one or both the devices involved
in the offloaded operation or by some other device. In
addition, dynamic offloaded processing may be evoked
based on one or more criteria including, for example, a
defined class of a given device, the capabilities of a given
device, the processing load of a given device, the power
consumption or power reserves of a given device, or
some other suitable criterion. In some aspects these cri-
teria may be temporally based. For example, a decision
as to whether and how to invoke offloaded processing
may be based on prior conditions, current conditions, or
future (e.g., anticipated) conditions.
[0119] FIG. 9 illustrates sample operations of an im-
plementation where a peripheral device requests another
device to perform processing on its behalf As represent-
ed by blocks 902 and 904, one or more of the devices
may determine the capabilities of the other device. In
some implementations the devices may communicate
with one another to learn the capabilities of a device (e.g.,
when the devices associate with one another). Alterna-
tively, in some implementations the capabilities of certain
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types of devices may be provided (e.g., programmed in-
to) a device at some other time (e.g., during manufacture
or when a device is initially brought into service).
[0120] As represented by block 906, once the periph-
eral device learns the capabilities of the wireless device,
the peripheral device may send a message to the wire-
less device requesting that the wireless device perform
one or more operations at some point in the future. In the
event the wireless device agrees to do the requested
processing, the wireless device may acknowledge the
request from the peripheral device (block 908). Here, a
message from one or both the devices may identify which
particular operations are to be offloaded and how those
operations may be invoked (e.g., the form of a subse-
quent request).
[0121] As represented by block 910, at some later point
in time the peripheral device transmits data to the wire-
less device. As represented by block 912, the wireless
device then processes the data on behalf of the periph-
eral device. This processing may take the form of, for
example, the offloaded processing discussed above or
as otherwise taught herein.
[0122] As represented by block 914, the wireless de-
vice then transmits the processed data to the appropriate
recipient. As discussed above, the wireless device may
transmit the processed data back to the peripheral device
(block 916) or to some other device (block 918).
[0123] The teachings herein may be employed to of-
fload processing for wide variety of operations. For ex-
ample, FIG. 10 illustrates sample components of a sys-
tem 1000 adapted to process data that may be sensed
from one or more of a variety of sensors.
[0124] A peripheral device 1002 includes one or more
sensors 1004 for sensing one or more conditions such
as ambient conditions (e.g., temperature) or biological
conditions (e.g., heart rate, temperature, blood pressure,
etc.). The sensor(s) 1004 may take various forms includ-
ing a chemical transducer, and electrical transducer, a
mechanical transducer, a magnetic transducer, a nuclear
transducer, or an optical transducer. For example, a
chemical transducer may be used to acquire glucose lev-
el information from a person. An electrical transducer
may be used to detect a person’s heartbeat. A mechan-
ical transducer may be used to acquire temperature,
pressure, velocity, or acceleration information. An optical
transducer may be used to acquire oximetry information.
A nuclear transducer may be used to measure radiation
types and levels. In addition, the peripheral device 1002
may be carried at an appropriate location on a person’s
body or located at an appropriate location (e.g., within a
vehicle) to sense one or more of these conditions.
[0125] The acquired sensor data may be passed as
analog or digital waveforms for processing to another
wireless device. Thus, as discussed above, the device
1002 may include a waveform encoder 1006 for process-
ing the sensed data for transmission and a transmitter
1008 for transmitting the data to another wireless device
1010.

[0126] The wireless device 1010 includes a receiver
1012, a processor 1014, and a communication processor
1016 in a similar manner as discussed above. Here, the
processor 1014 may comprise one or more components
for processing the sensed data on behalf of the device
1002. For example, a heart rate component 1018 may
process sensed EKG data to generate an indication of
the current rate of a person’s heartbeat. A heart rate clas-
sifier 1020 may process the heartbeat rate information
to classify the heart rate. A temperature component 1022
may process sensed temperature data (e.g., represent-
ative of ambient temperature or body temperature) to
generate an indication of a measured temperature. A
pressure component 1024 may process sensed pressure
data (e.g., representative of a person’s blood pressure,
ambient pressure, tire pressure, etc.) to generate an in-
dication of pressure. A velocity component 1026 may
process sensed velocity data to generate an indication
of velocity (e.g., of a person or some other moving object).
An acceleration component 1028 may process sensed
acceleration data to generate an indication of accelera-
tion (e.g., of a person or some other moving object). A
blood analysis component 1030 may process sensed
chemical data or oximetry data to generate an indication
of a person’s glucose level or oxygen concentration level,
respectively. The corresponding indication generated by
the processor 1014 may then be sent to an appropriate
device such as, for example, an output device (e.g., a
display device) of the device 1010 or to another device
via the communication processor 1016.
[0127] In some aspects one or more wireless sensing
devices may be deployed for sensing, for example, am-
bient or biological conditions whereby the sensing devic-
es communicate with one or more other wireless devices
via a body area network, a personal area network, or in
some other manner. For example, referring to the system
1100 of FIG. 11, a sensing device 1102 may send sensed
data to a wireless device 1104 either directly or via an-
other wireless device such as an intermediary device
1106. Sample operations that may be performed by the
components of the system 1100 will be discussed in con-
junction with the flowchart of FIG. 12.
[0128] As represented by block 1202 in FIG. 12, the
sensing device 1102 includes one or more sensors 1108
for sensing various conditions as discussed or taught
herein. As represented by block 1204, the sensor(s) 1108
may generate analog sensed data (e.g. captured wave-
forms) on a continual or repetitive basis. As mentioned
above, in a typical implementation the sensed data com-
prise raw (e.g., unprocessed) analog data.
[0129] In some implementations the sensing device
1102 may simply pass the sensed data to another device
for processing. As discussed herein, the sensed data
may be passed as an analog waveform or as a digital
waveform. Accordingly, as represented by block 1206 in
some aspects the sensing device 1102 may comprise a
waveform encoder 1110 (e.g., a sigma delta encoder)
for processing the sensed data for transmission.
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[0130] As represented by block 1208, the sensing de-
vice 1102 includes a transmitter 1112 for transmitting the
data to another wireless device via a wireless communi-
cation link. As mentioned above, in some implementa-
tions the sensing device 1102 may transmit the sensed
data to the wireless device 1104 in a direct manner or,
as depicted in FIG. 11, via one or more intermediary de-
vices 1106.
[0131] The use of one or more intermediary devices
may be advantageously employed to increase the relia-
bility of data transmission in the system 1100. For exam-
ple, data transmission in the system 1100 may be subject
to interruptions in wireless connectivity between devices.
In addition, different amounts of battery power may be
available in various devices of the system 1100 at a given
point in time. Accordingly, the system 1100 may employ
the intermediary devices 1106 as relay points, for tem-
porarily storing the sensor data for relay to another device
(e.g., a wireless device) at a later time, or for offloading
one or more processing operations.
[0132] Referring again to FIG. 12, as represented by
block 1210, the intermediary device 1106 includes a
transceiver 1114 for receiving data from the sensing de-
vice 1102. As represented by block 1212, the intermedi-
ary device 1106 may include a processor component
1116 comprising, for example, a waveform processor
1118, for performing one or more operations as dis-
cussed herein. In addition, the peripheral device 1106
may include a data memory 1120 for storing sensed data
and other information. As represented by block 1214, the
transceiver 1114 transmits the sensed data to another
device (e.g., the wireless device 1104) via a wireless
communication link.
[0133] As discussed herein, once the wireless device
1104 receives the raw or processed sensed data, the
wireless device may process the data on behalf of the
sensing device 1102 or some other device (e.g., the pe-
ripheral device 1106). To this end, the wireless device
1104 also includes a transceiver component 1122 for
communicating with the sensing device 1102, the inter-
mediary device 1106, or both. In addition, the wireless
device 1104 includes one or more processor components
1124 for processing data and communicating with other
devices (e.g., via a wide area network or some other com-
munication link).
[0134] In some implementations the sensing device
1102 may comprise a digital signal processor or a micro-
processor. Here, the sensing device also may comprise
an analog-to-digital converter for converting the sensed
data to a digital form.
[0135] The teachings herein may be incorporated into
a device employing various components for communi-
cating with at least one other device. FIG. 13 depicts
several sample components that may be employed to
facilitate communication between devices. Here, a first
device (e.g., an access terminal) 1302 and a second de-
vice (e.g., an access point) 1304 are adapted to commu-
nicate via a communication link 1306 over a suitable me-

dium.
[0136] Initially, components involved in sending infor-
mation from the device 1302 to the device 1304 (e.g., a
reverse link) will be treated. A transmit ("TX") data proc-
essor 1308 receives traffic data (e.g., data packets) from
a data buffer 1310 or some other suitable component.
The transmit data processor 1308 processes (e.g., en-
codes, interleaves, and symbol maps) each data packet
based on a selected coding and modulation scheme, and
provides data symbols. In general, a data symbol is a
modulation symbol for data, and a pilot symbol is a mod-
ulation symbol for a pilot (which is known a priori). A mod-
ulator 1312 receives the data symbols, pilot symbols, and
possibly signaling for the reverse link, and performs mod-
ulation (e.g., OFDM or some other suitable modulation)
and/or other processing as specified by the system, and
provides a stream of output chips. A transmitter ("TMTR")
1314 processes (e.g., converts to analog, filters, ampli-
fies, and frequency upconverts) the output chip stream
and generates a modulated signal, which is then trans-
mitted from an antenna 1316.
[0137] The modulated signals transmitted by the de-
vice 1302 (along with signals from other devices in com-
munication with the device 1304) are received by an an-
tenna 1318 of the device 1304. A receiver ("RCVR") 1320
processes (e.g., conditions and digitizes) the received
signal from the antenna 1318 and provides received sam-
ples. A demodulator ("DEMOD") 1322 processes (e.g.,
demodulates and detects) the received samples and pro-
vides detected data symbols, which may be a noisy es-
timate of the data symbols transmitted to the device 1304
by the other device(s). A receive ("RX") data processor
1324 processes (e.g., symbol demaps, deinterleaves,
and decodes) the detected data symbols and provides
decoded data associated with each transmitting device
(e.g., device 1302).
[0138] Components involved in sending information
from the device 1304 to the device 1302 (e.g., a forward
link) will be now be treated. At the device 1304, traffic
data are processed by a transmit ("TX") data processor
1326 to generate data symbols. A modulator 1328 re-
ceives the data symbols, pilot symbols, and signaling for
the forward link, performs modulation (e.g., OFDM or
some other suitable modulation) and/or other pertinent
processing, and provides an output chip stream, which
is further conditioned by a transmitter ("TMTR") 1330 and
transmitted from the antenna 1318. In some implemen-
tations signaling for the forward link may include power
control commands and other information (e.g., relating
to a communication channel) generated by a controller
1332 for all devices (e.g. terminals) transmitting on the
reverse link to the device 1304.
[0139] At the device 1302, the modulated signal trans-
mitted by the device 1304 is received by the antenna
1316, conditioned and digitized by a receiver ("RCVR")
1334, and processed by a demodulator ("DEMOD") 1336
to obtain detected data symbols. A receive ("RX") data
processor 1338 processes the detected data symbols
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and provides decoded data for the device 1302 and the
forward link signaling. A controller 1340 receives power
control commands and other information to control data
transmission and to control transmit power on the reverse
link to the device 1304.
[0140] The controllers 1340 and 1332 direct various
operations of the device 1302 and the device 1304, re-
spectively. For example, a controller may determine an
appropriate filter, reporting information about the filter,
and decode information using a filter. Data memories
1342 and 1344 may store program codes and data used
by the controllers 1340 and 1332, respectively.
[0141] FIG. 13 also illustrates that the communication
components may include one or more components that
perform ranging-related operations as taught herein. For
example, a ranging control component 1346 may coop-
erate with the controller 1340 and/or other components
of the device 1302 to send and receive ranging-related
signals and information to another device (e.g., device
1304). Similarly, a ranging control component 1348 may
cooperate with the controller 1332 and/or other compo-
nents of the device 1304 to send and receive ranging-
related signals and information to another device (e.g.,
device 1302).
[0142] A device as taught herein may support or oth-
erwise use various wireless communication links and
wireless network topologies. For example, in some as-
pects the devices 102 and 104 may comprise or form
part of a body area network or a personal area network
(e.g., an ultra-wideband network). In addition, in some
aspects the devices 102 and 104 may comprise or form
part of a local area network or a wide area network. The
devices 102 and 104 also may support or otherwise use
one or more of a variety of wireless communication pro-
tocols or standards including, for example, CDMA, TD-
MA, FDMA, OFDM, OFDMA, WiMAX, Wi-Fi, and other
wireless technologies. Accordingly, the devices 102 and
104 may include appropriate components to establish
one or more communication links using various wireless
technologies. For example, a device may comprise a
wireless transceiver (e.g., a radio) with associated trans-
mitter and receiver components that include various com-
ponents (e.g., signal generators and signal processors)
that facilitate communication over a wireless medium.
These components may support a variety of wireless
physical layer schemes. For example, the physical layer
may utilize some form of CDMA, TDMA, OFDM, OFDMA,
or other modulation and multiplexing schemes.
[0143] In some aspects a device may communicate
via a pulsed-based physical layer. For example, the phys-
ical layer may utilize ultra-wideband pulses that have a
relatively short length (e.g., on the order of a few nano-
seconds) and a relatively wide bandwidth. In some as-
pects an ultra-wideband system may be defined as a
system having a fractional bandwidth on the order of ap-
proximately 20% or more and/or having a bandwidth on
the order of approximately 500 MHz or more.
[0144] It should be appreciated that a device as taught

herein may be implemented in a variety of forms. For
example, the teachings herein may be incorporated into
(e.g., implemented within or performed by) a variety of
apparatuses (e.g., devices). For example, one or more
aspects taught herein may be incorporated into a phone
(e.g., a cellular phone), a personal data assistant
("PDA"), an entertainment device (e.g., a music or video
device), a headset (e.g., headphones, an earpiece, etc.),
a microphone, a medical device (e.g., a biometric sensor,
a heart rate monitor, a pedometer, an EKG device, etc.),
a user I/O device (e.g., a watch, a remote control, a light
switch, a keyboard, a mouse, etc.), a tire pressure mon-
itor, a computer, a point-of-sale device, an entertainment
device, a hearing aid, a set-top box, or any other suitable
device.
[0145] These devices may have different power and
data requirements. In some aspects, the teachings here-
in may be adapted for use in low power applications (e.g.,
through the use of a pulse-based signaling scheme and
low duty cycle modes) and may support a variety of data
rates including relatively high data rates (e.g., through
the use of high-bandwidth pulses).
[0146] In some aspects a device may comprises an
access device (e.g., a Wi-Fi access point) for a commu-
nication system. For example, a device may provide con-
nectivity to another network (e.g., a wide area network
such as the Internet) via a wired or wireless communica-
tion link. Accordingly, a device may enable another de-
vice (e.g., a Wi-Fi station) to access the other network.
In addition, it should be appreciated that one or more of
the devices discussed herein may be portable or, in some
cases, relatively non-portable.
[0147] A device as taught herein may include various
components that perform functions based on data trans-
mitted or received via wireless communication. For ex-
ample, a headset may include a transducer adapted to
provide an audible output based on data received via a
receiver or a wireless communication link. In addition, a
headset may include a transducer (e.g., a microphone)
adapted to generate sensed data to be preprocessed for
wireless communication. A watch may include a display
adapted to provide a visual output based on data received
via a receiver or a wireless communication link. A watch
also may include a transducer adapted to generate
sensed data (e.g., relating to a biological condition) to be
preprocessed for wireless communication. A medical de-
vice may include a sensor adapted to generate sensed
data to be transmitted via a transmitter or a wireless com-
munication link. In addition, a medical device may include
a transducer adapted to generate an output (e.g., a warn-
ing signal) based on data received via a receiver or a
wireless communication link.
[0148] The functional components described or taught
herein may be implemented using various structures. Re-
ferring to FIGS. 14A and 14B, systems 1400A and 1400B
are represented as a series of interrelated functional
blocks that may represent functions implemented by, for
example, one or more integrated circuits (e.g., an ASIC)
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or may be implemented in some other manner as taught
herein. As discussed herein an integrated circuit may in-
clude a processor, software, some combination thereof.
[0149] As shown in FIG. 14A, the system 1400A may
comprises an apparatus 1402A (e.g., a peripheral de-
vice) and an apparatus 1404A (e.g., a wireless device).
The apparatus 1402A includes one or more modules
1406, 1408, 1410A, 1414, 1416, 1418, and 1420 that
may perform one or more of the functions described
above with regard to various figures. For example, an
ASIC for sensing 1406 may sense various conditions and
may correspond to, for example, component 116 dis-
cussed above. An ASIC for transmitting 1408 may pro-
vide various functionality relating to transmitting data to
another device as taught herein and may correspond to,
for example, component 120 discussed above. An ASIC
for receiving 1410A may provide various functionality re-
lating to receiving data from another device as taught
herein and may correspond to, for example, component
132 discussed above. An ASIC for directly passing 1414
may provide various functionality relating to providing da-
ta to an output transducer as taught herein and may cor-
respond to, for example, component 108 and/or compo-
nent 112 discussed above. An ASIC for preprocessing
1416 may provide various functionality relating to
processing signals for transmission as taught herein and
may correspond to, for example, component 118 dis-
cussed above. An ASIC for waveform encoding 1418
may provide various functionality relating to generating
waveform data as taught herein and may correspond to,
for example, component 210 discussed above. An ASIC
for sigma delta modulating 1420 may provide various
functionality relating to generating sigma delta modulat-
ed data as taught herein and may correspond to, for ex-
ample, component 210 discussed above.
[0150] The apparatus 1404A also includes one or more
modules 1422A, 1424A, 1432, 1434, 1436, 1438, 1440,
and 1442 that may perform one or more of the functions
described above with regard to various figures. For ex-
ample, an ASIC for transmitting 1422A may provide var-
ious functionality relating to transmitting data to another
device as taught herein and may correspond to, for ex-
ample, component 130 discussed above. An ASIC for
receiving 1424A may provide various functionality relat-
ing to receiving data from another device as taught herein
and may correspond to, for example, component 122 dis-
cussed above. An ASIC for waveform encoding 1432
may provide various functionality relating to generating
waveform data as taught herein and may correspond to,
for example, component 512 discussed above. An ASIC
for processing 1434 may perform one or more processing
operations as taught herein and may correspond to, for
example, component 216 discussed above. An ASIC for
equalizing 1436 may perform one or more equalization
operations as taught herein and may correspond to, for
example, component 218 discussed above. An ASIC for
echo canceling 1438 may perform one or more echo can-
cellation operations as taught herein and may corre-

spond to, for example, component 234 discussed above.
An ASIC for active noise canceling 1440 may perform
one or more active noise cancellation operations as
taught herein and may correspond to, for example, com-
ponent 236 discussed above. An ASIC for filtering and
decimating 1442 may perform one or more filter and dec-
imate operations as taught herein and may correspond
to, for example, component to 220 discussed above. An
ASIC for side-tone generation 1444 may provide various
functionality relating to generating side-tones as taught
herein and may correspond to, for example, component
240 discussed above. An ASIC for filter tap generation
1446 may provide various functionality relating to gener-
ating filter taps as taught herein and may correspond to,
for example, component 238 discussed above. An ASIC
for biological processing 1448 may provide various func-
tionality relating to biological (e.g., medical) processing
as taught herein and may correspond to, for example,
component 242 and/or 1014 discussed above. An ASIC
for voice command and recognition 1450 may provide
various functionality relating to recognizing voice and
commands as taught herein and may correspond to, for
example, component 244 discussed above.
[0151] As shown in FIG. 14B, the system 1400B may
comprises an apparatus 1402B (e.g., a peripheral de-
vice) and an apparatus 1404B (e.g., a wireless device).
The apparatus 1402B includes one or more modules
1410B and 1412 that may perform one or more of the
functions described above with regard to various figures.
For example, an ASIC for receiving 1410B may provide
various functionality relating to receiving data from an-
other device as taught herein and may correspond to, for
example, component 132 discussed above. An ASIC for
processing 1412 may perform one or more processing
operations as taught herein and may correspond to, for
example, component 108 discussed above.
[0152] The apparatus 1404A also includes one or more
modules 1422B, 1424B, 1426, 1428, and 1430 that may
perform one or more of the functions described above
with regard to various figures. For example, an ASIC for
transmitting 1422B may provide various functionality re-
lating to transmitting data to another device as taught
herein and may correspond to, for example, component
130 discussed above. An ASIC for receiving 1424B may
provide various functionality relating to receiving data
from another device as taught herein and may corre-
spond to, for example, component 122 discussed above.
An ASIC for generating 1426 may perform one or more
operations relating to generating waveform data as
taught herein and may correspond to, for example, com-
ponent 508 discussed above. An ASIC for decompress-
ing 1428 may perform one or more operations relating
to decompressing data as taught herein and may corre-
spond to, for example, component 510 discussed above.
An ASIC for processing received data 1430 may perform
one or more processing operations as taught herein and
may correspond to, for example, component 512 dis-
cussed above.
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[0153] As noted above, in some aspects these com-
ponents may be implemented via appropriate processor
components. These processor components may in some
aspects be implemented, at least in part, using structure
as taught herein. In some aspects a processor may be
adapted to implement a portion or all of the functionality
of one or more of these components. In some aspects
one or more of the components represented by dashed
boxes are optional.
[0154] In some aspects the apparatus 1402 and the
apparatus 1404 may comprise one or more integrated
circuits that provide the functionality of the components
illustrated in FIG. 14. For example, in some aspects a
single integrated circuit may implement the functionality
of the illustrated processor components, while in other
aspects more than one processor may implement the
functionality of the illustrated components, while in other
aspects more than one integrated circuit may implement
the functionality of the illustrated processor components.
[0155] In addition, the components and functions rep-
resented by FIG. 14, as well as other components and
functions described herein, may be implemented using
any suitable means. Such means also may be imple-
mented, at least in part, using corresponding structure
as taught herein. For example, in some aspects means
for sensing may comprise a transducer, means for trans-
mitting may comprise a transmitter, means for receiving
may comprise a receiver, means for processing may
comprise a processor, means for directly passing may
comprise a processor and/or receiver, means for pre-
processing may comprise a processor, means for wave-
form encoding may comprise a waveform encoder,
means for sigma delta modulating may comprise a wave-
form encoder, means for generating may comprise a
processor, means for decompressing may comprise a
decompressor, means for processing received data may
comprise a processor, means for processing to extract
may comprise a processor, means for equalizing may
comprise an equalizer, means for echo canceling may
comprise an echo canceller, means for active noise can-
celing may comprise an active noise canceller, means
for filtering and decimating may comprise a filter and dec-
imator, means for side-tone generation may comprise a
side-tone processor, means for filter tap generation may
comprise a filter tap computation processor, and means
for voice recognition may comprise a voice command
and recognition processor. One or more of such means
also may be implemented in accordance with one or more
of the processor components of FIG. 14.
[0156] Those of skill in the art would understand that
information and signals (e.g., referred to herein as data)
may be represented using any of a variety of different
technologies and techniques. For example, analog data,
digital data, instructions, commands, information, sig-
nals, bits, symbols, and chips that may be referenced
throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic
fields or particles, optical fields or particles, or any com-

bination thereof.
[0157] Those of skill would further appreciate that any
of the various illustrative logical blocks, modules, proc-
essors, means, circuits, and algorithm steps described
in connection with the aspects disclosed herein may be
implemented as electronic hardware (e.g., a digital im-
plementation, an analog implementation, or a combina-
tion of the two, which may be designed using source cod-
ing or some other technique), various forms of program
or design code incorporating instructions (which may be
referred to herein, for convenience, as "software" or a
"software module"), or combinations of both. To clearly
illustrate this interchangeability of hardware and soft-
ware, various illustrative components, blocks, modules,
circuits, and steps have been described above generally
in terms of their functionality. Whether such functionality
is implemented as hardware or software depends upon
the particular application and design constraints imposed
on the overall system. Skilled artisans may implement
the described functionality in varying ways for each par-
ticular application, but such implementation decisions
should not be interpreted as causing a departure from
the scope of the present disclosure.
[0158] The various illustrative logical blocks, modules,
and circuits described in connection with the aspects dis-
closed herein may be implemented within or performed
by an integrated circuit ("IC"), an access terminal, or an
access point. The IC may comprise a general purpose
processor, a digital signal processor (DSP), an applica-
tion specific integrated circuit (ASIC), a field programma-
ble gate array (FPGA) or other programmable logic de-
vice, discrete gate or transistor logic, discrete hardware
components, electrical components, optical compo-
nents, mechanical components, or any combination
thereof designed to perform the functions described
herein, and may execute codes or instructions that reside
within the IC, outside of the IC, or both. A general purpose
processor may be a microprocessor, but in the alterna-
tive, 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 microproc-
essor, a plurality of microprocessors, one or more micro-
processors in conjunction with a DSP core, or any other
such configuration.
[0159] It is understood that any specific order or hier-
archy of steps in any disclosed process is an example of
a sample approach. Based upon design preferences, it
is understood that the specific order or hierarchy of steps
in the processes may be rearranged while remaining
within the scope of the present disclosure. The accom-
panying method claims present elements of the various
steps in a sample order, and are not meant to be limited
to the specific order or hierarchy presented.
[0160] The steps of a method or algorithm described
in connection with the aspects disclosed herein may be
embodied directly in hardware, in a software module ex-
ecuted by a processor, or in a combination of the two. A
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software module (e.g., including executable instructions
and related data) and other data may reside in a data
memory such as RAM memory, flash memory, ROM
memory, EPROM memory, EEPROM memory, regis-
ters, a hard disk, a removable disk, a CD-ROM, or any
other form of computer-readable storage medium known
in the art. A sample storage medium may be coupled to
a machine such as, for example, a computer/processor
(which may be referred to herein, for convenience, as a
"processor") such the processor can read information
(e.g., code) from and write information to the storage me-
dium. A sample storage medium may be integral to the
processor. The processor and the storage medium may
reside in an ASIC. The ASIC may reside in user equip-
ment. In the alternative, the processor and the storage
medium may reside as discrete components in user
equipment. Moreover, in some aspects any suitable com-
puter-program product may comprise a computer-read-
able medium comprising codes (e.g., executable by at
least one computer) relating to one or more of the aspects
of the disclosure. In some aspects a computer program
product may comprise packaging materials.
[0161] The previous description of the disclosed as-
pects is provided to enable any person skilled in the art
to make or use the present disclosure. Various modifica-
tions to these aspects will be readily apparent to those
skilled in the art, and the generic principles defined herein
may be applied to other aspects without departing from
the scope of the disclosure. Thus, the present disclosure
is not intended to be limited to the aspects shown herein
but is to be accorded the widest scope consistent with
the principles and novel features disclosed herein.
[0162] In the following, further embodiments are de-
scribed to facilitate understanding:

1. A method of processing data, comprising:

generating waveform encoded data at a first de-
vice; and
transmitting the waveform encoded data to a
second device via a wireless communication
link.

2. The method of number 1, wherein the waveform
encoded data comprise sigma delta modulated data.

3. The method of number 1, wherein the waveform
encoded data comprise pulse code modulated data.

4. The method of number 1, wherein the waveform
encoded data represent multimedia, heart rate, tem-
perature, pressure, velocity, or acceleration.

5. The method of number 1, wherein the generation
of the waveform encoded data further comprises:

decompressing data; and
waveform encoding the decompressed data.

6. The method of number 1, wherein the generation
of the waveform encoded data further comprises:

processing received data; and
waveform encoding the processed data.

7. The method of number 6, wherein the processing
comprises at least one of the group consisting of:
equalization, echo cancellation, active noise cancel-
lation, filter tap computation, side-tone processing,
and voice recognition.

8. The method of number 6, wherein the received
data were received from the second device.

9. The method of number 8, wherein the processing
improves at least one characteristic represented by
analog data generated by the second device.

10. The method of number 9, wherein the processing
improves at least one attribute comprising at least
one of the group consisting of: frequency response,
signal-to-noise ratio, and accuracy.

11. The method of number 9, wherein the at least
one characteristic comprises multimedia, heart rate,
temperature, pressure, velocity, or acceleration.

12. The method of number 9, wherein the at least
one characteristic comprises an indication relating
to multimedia, heart rate, temperature, pressure, ve-
locity, or acceleration.

13. The method of number 9, wherein the processing
comprises providing data having, as compared to
the analog data, less degradation of the at least one
characteristic.

14. The method of number 13, wherein the degra-
dation relates to noise, interference, or noise and
interference.

15. The method of number 1, wherein the waveform
encoded data are transmitted via a wireless personal
area network air interface or a wireless body area
network air interface.

16. The method of number 1, wherein the processed
data are transmitted via ultra-wideband pulses each
of which has a fractional bandwidth on the order of
20% or more, has a bandwidth on the order of 500
MHz or more, or has a fractional bandwidth on the
order of 20% or more and has a bandwidth on the
order of 500 MHz or more.

17. An apparatus for processing data, comprising:

a waveform encoder adapted to generate wave-
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form encoded data; and
a transmitter adapted to transmit the waveform
encoded data to a device via a wireless commu-
nication link.

18. The apparatus of number 17, wherein the wave-
form encoded data comprise sigma delta modulated
data.

19. The apparatus of number 17, wherein the wave-
form encoded data comprise pulse code modulated
data.

20. The apparatus of number 17, wherein the wave-
form encoded data represent multimedia, heart rate,
temperature, pressure, velocity, or acceleration.

21. The apparatus of number 17, further comprising
a decompressor adapted to decompress data,
wherein the waveform encoder is further adapted to
waveform encode the decompressed data to gener-
ate the waveform encoded data.

22. The apparatus of number 17, further comprising
a receiver adapted to receive data and a processor
adapted to process the received data, wherein the
waveform encoder is further adapted to waveform
encode the processed data to generate the wave-
form encoded data.

23. The apparatus of number 22, wherein the
processing comprises at least one of the group con-
sisting of: equalization, echo cancellation, active
noise cancellation, filter tap computation, side-tone
processing, and voice recognition.

24. The apparatus of number 22, wherein the receiv-
er receives the data from the device.

25. The apparatus of number 24, wherein the
processing improves at least one characteristic rep-
resented by analog data generated by the device.

26. The apparatus of number 25, wherein the
processing improves at least one attribute compris-
ing at least one of the group consisting of: frequency
response, signal-to-noise ratio, and accuracy.

27. The apparatus of number 25, wherein the at least
one characteristic comprises multimedia, heart rate,
temperature, pressure, velocity, or acceleration.

28. The apparatus of number 25, wherein the at least
one characteristic comprises an indication relating
to multimedia, heart rate, temperature, pressure, ve-
locity, or acceleration.

29. The apparatus of number 25, wherein the

processing comprises providing data having, as
compared to the analog data, less degradation of
the at least one characteristic.

30. The apparatus of number 29, wherein the deg-
radation relates to noise, interference, or noise and
interference.

31. The apparatus of number 17, wherein the wave-
form encoded data are transmitted via a wireless per-
sonal area network air interface or a wireless body
area network air interface.

32. The apparatus of number 17, wherein the wave-
form encoded data are transmitted via ultra-wide-
band pulses each of which has a fractional band-
width on the order of 20% or more, has a bandwidth
on the order of 500 MHz or more, or has a fractional
bandwidth on the order of 20% or more and has a
bandwidth on the order of 500 MHz or more.

33. An apparatus for processing data, comprising:

means for generating waveform encoded data;
and
means for transmitting the waveform encoded
data to a device via a wireless communication
link.

34. The apparatus of number 33, wherein the wave-
form encoded data comprise sigma delta modulated
data.

35. The apparatus of number 33, wherein the wave-
form encoded data comprise pulse code modulated
data.

36. The apparatus of number 33, wherein the wave-
form encoded data represent multimedia, heart rate,
temperature, pressure, velocity, or acceleration.

37. The apparatus of number 33, further comprising
means for decompressing data, wherein the means
for generating waveform encoded data waveform
encodes the decompressed data to generate the
waveform encoded data.

38. The apparatus of number 33, further comprising
means for receiving data and means for processing
the received data, wherein the means for generating
waveform encoded data waveform encodes the
processed data to generate the waveform encoded
data.

39. The apparatus of number 38, wherein the means
for processing performs at least one of the group
consisting of: equalization, echo cancellation, active
noise cancellation, filter tap computation, side-tone
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processing, and voice recognition.

40. The apparatus of number 38, wherein the means
for receiving receives the data from the device.

41. The apparatus of number 40, wherein the means
for processing data improves at least one character-
istic represented by analog data generated by the
device.

42. The apparatus of number 41, wherein the
processing improves at least one attribute compris-
ing at least one of the group consisting of: frequency
response, signal-to-noise ratio, and accuracy.

43. The apparatus of number 41, wherein the at least
one characteristic comprises multimedia, heart rate,
temperature, pressure, velocity, or acceleration.

44. The apparatus of number 41, wherein the at least
one characteristic comprises an indication relating
to multimedia, heart rate, temperature, pressure, ve-
locity, or acceleration.

45. The apparatus of number 41, wherein the means
for processing provides data having, as compared
to the analog data, less degradation of the at least
one characteristic.

46. The apparatus of number 45, wherein the deg-
radation relates to noise, interference, or noise and
interference.

47. The apparatus of number 33, wherein the wave-
form encoded data are transmitted via a wireless per-
sonal area network air interface or a wireless body
area network air interface.

48. The apparatus of number 33, wherein the wave-
form encoded data are transmitted via ultra-wide-
band pulses each of which has a fractional band-
width on the order of 20% or more, has a bandwidth
on the order of 500 MHz or more, or has a fractional
bandwidth on the order of 20% or more and has a
bandwidth on the order of 500 MHz or more.

49. A computer-program product for processing da-
ta, comprising:

computer-readable medium comprising codes
executable by at least one computer to:

generate waveform encoded data at a first
device; and
transmit the waveform encoded data to a
second device via a wireless communica-
tion link.

50. A headset for processing data, comprising:

a waveform encoder adapted to generate wave-
form encoded data;
a transmitter adapted to transmit the waveform
encoded data to a device via a wireless commu-
nication link; and
a transducer adapted to provide an audible out-
put based on data received via the wireless com-
munication link.

51. A watch for processing data, comprising:

a waveform encoder adapted to generate wave-
form encoded data;
a transmitter adapted to transmit the waveform
encoded data to a device via a wireless commu-
nication link; and
a display adapted to provide a visual output
based on data received via the wireless com-
munication link.

52. A medical device for processing data, compris-
ing:

a waveform encoder adapted to generate wave-
form encoded data;
a transmitter adapted to transmit the waveform
encoded data to a device via a wireless commu-
nication link; and
a sensor adapted to generate sensed data to be
transmitted via the transmitter.

53. A method of processing data, comprising:

receiving waveform encoded data at a first de-
vice from a second device via a wireless com-
munication link; and
processing the waveform encoded data at the
first device.

54. The method of number 53, wherein the waveform
encoded data comprise sigma delta modulated data.

55. The method of number 53, wherein the waveform
encoded data comprise pulse code modulated data.

56. The method of number 53, wherein the waveform
encoded data represent multimedia, heart rate, tem-
perature, pressure, velocity, or acceleration.

57. The method of number 53, wherein the process-
ing comprises directly passing the waveform encod-
ed data to a transducer that generates an output
based on the waveform encoded data.

58. The method of number 57, wherein the transduc-
er comprises a chemical transducer, an electrical
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transducer, a mechanical transducer, a magnetic
transducer, a nuclear transducer, or an optical trans-
ducer.

59. The method of number 53, wherein the waveform
encoded data comprise data that were subjected to
at least one of the group consisting of: equalization,
echo cancellation, active noise cancellation, filter tap
computation, side-tone processing, and voice rec-
ognition.

60. The method of number 53, wherein the waveform
encoded data are based on analog data generated
at the first device.

61. The method of number 60, wherein, as compared
to the analog data, the waveform encoded data have
less degradation of at least one characteristic rep-
resented by the analog data.

62. The method of number 61, wherein the degra-
dation relates to noise, interference, or noise and
interference.

63. The method of number 53, wherein the waveform
encoded data are based on data that were proc-
essed to improve at least one characteristic repre-
sented by the data.

64. The method of number 63, wherein the process-
ing improves at least one attribute comprising at least
one of the group consisting of: frequency response,
signal-to-noise ratio, and accuracy.

65. The method of number 63, wherein the at least
one characteristic comprises multimedia, heart rate,
temperature, pressure, velocity, or acceleration.

66. The method of number 63, wherein the at least
one characteristic comprises an indication relating
to multimedia, heart rate, temperature, pressure, ve-
locity, or acceleration.

67. The method of number 53, wherein the waveform
encoded data are received via a wireless personal
area network air interface or a wireless body area
network air interface.

68. The method of number 53, wherein the waveform
encoded data are received via ultra-wideband puls-
es each of which has a fractional bandwidth on the
order of 20% or more, has a bandwidth on the order
of 500 MHz or more, or has a fractional bandwidth
on the order of 20% or more and has a bandwidth
on the order of 500 MHz or more.

69. An apparatus for processing data, comprising:

a receiver adapted to receive waveform encod-
ed data from a device via a wireless communi-
cation link; and
a processor adapted to process the waveform
encoded data.

70. The apparatus of number 69, wherein the wave-
form encoded data comprise sigma delta modulated
data.

71. The apparatus of number 69, wherein the wave-
form encoded data comprise pulse code modulated
data.

72. The apparatus of number 69, wherein the wave-
form encoded data represent multimedia, heart rate,
temperature, pressure, velocity, or acceleration.

73. The apparatus of number 69, wherein the proc-
essor is further adapted to directly pass the wave-
form encoded data to a transducer that generates
an output based on the waveform encoded data.

74. The apparatus of number 73, wherein the trans-
ducer comprises a chemical transducer, an electrical
transducer, a mechanical transducer, a magnetic
transducer, a nuclear transducer, or an optical trans-
ducer.

75. The apparatus of number 69, wherein the wave-
form encoded data comprise data that were subject-
ed to at least one of the group consisting of:

equalization, echo cancellation, active noise
cancellation, filter tap computation, side-tone
processing, and voice recognition.

76. The apparatus of number 69, wherein the wave-
form encoded data are based on analog data gen-
erated at the apparatus.

77. The apparatus of number 76, wherein, as com-
pared to the analog data, the waveform encoded da-
ta have less degradation of at least one characteristic
represented by the analog data.

78. The apparatus of number 77, wherein the deg-
radation relates to noise, interference, or noise and
interference.

79. The apparatus of number 69, wherein the wave-
form encoded data are based on data that were proc-
essed to improve at least one characteristic repre-
sented by the data.

80. The apparatus of number 79, wherein the
processing improves at least one attribute compris-
ing at least one of the group consisting of: frequency
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response, signal-to-noise ratio, and accuracy.

81. The apparatus of number 79, wherein the at least
one characteristic comprises multimedia, heart rate,
temperature, pressure, velocity, or acceleration.

82. The apparatus of number 79, wherein the at least
one characteristic comprises an indication relating
to multimedia, heart rate, temperature, pressure, ve-
locity, or acceleration.

83. The apparatus of number 69, wherein the wave-
form encoded data are received via a wireless per-
sonal area network air interface or a wireless body
area network air interface.

84. The apparatus of number 69, wherein the wave-
form encoded data are received via ultra-wideband
pulses each of which has a fractional bandwidth on
the order of 20% or more, has a bandwidth on the
order of 500 MHz or more, or has a fractional band-
width on the order of 20% or more and has a band-
width on the order of 500 MHz or more.

85. An apparatus for processing data, comprising:

means for receiving waveform encoded data
from a device via a wireless communication link;
and
means for processing the waveform encoded
data.

86. The apparatus of number 85, wherein the wave-
form encoded data comprise sigma delta modulated
data.

87. The apparatus of number 85, wherein the wave-
form encoded data comprise pulse code modulated
data.

88. The apparatus of number 85, wherein the wave-
form encoded data represent multimedia, heart rate,
temperature, pressure, velocity, or acceleration.

89. The apparatus of number 85, wherein the means
for processing directly passes the waveform encod-
ed data to a transducer that generates an output
based on the waveform encoded data.

90. The apparatus of number 89, wherein the trans-
ducer comprises a chemical transducer, an electrical
transducer, a mechanical transducer, a magnetic
transducer, a nuclear transducer, or an optical trans-
ducer.

91. The apparatus of number 85, wherein the wave-
form encoded data comprise data that were subject-
ed to at least one of the group consisting of:

equalization, echo cancellation, active noise
cancellation, filter tap computation, side-tone
processing, and voice recognition.

92. The apparatus of number 85, wherein the wave-
form encoded data are based on analog data gen-
erated at the apparatus.

93. The apparatus of number 92, wherein, as com-
pared to the analog data, the waveform encoded da-
ta have less degradation of at least one characteristic
represented by the analog data.

94. The apparatus of number 93, wherein the deg-
radation relates to noise, interference, or noise and
interference.

95. The apparatus of number 85, wherein the wave-
form encoded data are based on data that were proc-
essed to improve at least one characteristic repre-
sented by the data.

96. The apparatus of number 95, wherein the
processing improves at least one attribute compris-
ing at least one of the group consisting of: frequency
response, signal-to-noise ratio, and accuracy.

97. The apparatus of number 95, wherein the at least
one characteristic comprises multimedia, heart rate,
temperature, pressure, velocity, or acceleration.

98. The apparatus of number 95, wherein the at least
one characteristic comprises an indication relating
to multimedia, heart rate, temperature, pressure, ve-
locity, or acceleration.

99. The apparatus of number 85, wherein the wave-
form encoded data are received via a wireless per-
sonal area network air interface or a wireless body
area network air interface.

100. The apparatus of number 85, wherein the wave-
form encoded data are received via ultra-wideband
pulses each of which has a fractional bandwidth on
the order of 20% or more, has a bandwidth on the
order of 500 MHz or more, or has a fractional band-
width on the order of 20% or more and has a band-
width on the order of 500 MHz or more.

101. A computer-program product for processing da-
ta, comprising:

computer-readable medium comprising codes
executable by at least one computer to:

receive waveform encoded data at a first
device from a second device via a wireless
communication link; and
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process the waveform encoded data at the
first device.

102. A headset for processing data, comprising:

a receiver adapted to receive waveform encod-
ed data from a device via a wireless communi-
cation link;
a processor adapted to process the waveform
encoded data; and
a transducer adapted to provide an audible out-
put based on the processed data.

103. A watch for processing data, comprising:

a receiver adapted to receive waveform encod-
ed data from a device via a wireless communi-
cation link;
a processor adapted to process the waveform
encoded data; and
a display adapted to provide a visual output
based on the processed data.

104. A medical device for processing data, compris-
ing:

a receiver adapted to receive waveform encod-
ed data from a device via a wireless communi-
cation link;
a processor adapted to process the waveform
encoded data; and
a sensor adapted to generate sensed data to be
transmitted via the wireless communication link.

Claims

1. An apparatus (104, 204, 204B) for processing data,
comprising:

means (124, 248) for decompressing data;
means (126) for generating waveform encoded
data from the decompressed data; and
means (130, 224) for transmitting the waveform
encoded data to a device (102, 202, 202B) via
a wireless communication link.

2. The apparatus (104, 204, 204B) of claim 1, wherein
the waveform encoded data comprise sigma delta
modulated data.

3. The apparatus (104, 204, 204B) of claim 1, wherein
the waveform encoded data comprise pulse code
modulated data.

4. The apparatus (104, 204, 204B) of claim 1, wherein
the waveform encoded data represent multimedia,
heart rate, temperature, pressure, velocity, or accel-

eration.

5. The apparatus (104, 204, 204B) of claim 1 further
comprising means (114, 214) for receiving the data
from another device (102, 202, 202B).

6. The apparatus (104, 204, 204B) of claim 1, further
comprising means (110, 216, 216B) for processing
the decompressed data to provide processed data,
wherein the means (126) for generating waveform
encoded data waveform encodes the processed da-
ta to generate the waveform encoded data.

7. The apparatus (104, 204, 204B) of claim 6, wherein
the means (110, 216, 216B) for processing performs
at least one of the group consisting of: equalization,
echo cancellation, active noise cancellation, filter tap
computation, side-tone processing, and voice rec-
ognition.

8. The apparatus (104, 204, 204B) of claim 5, wherein
the means (110, 216, 216B) for processing data im-
proves at least one characteristic represented by an-
alog data generated by the device (102, 202, 202B).

9. The apparatus (104, 204, 204B) of claim 8, wherein
the processing improves at least one attribute com-
prising at least one of the group consisting of: fre-
quency response, signal-to-noise ratio, and accura-
cy.

10. The apparatus (104, 204, 204B) of claim 8, wherein
the at least one characteristic comprises multimedia,
heart rate, temperature, pressure, velocity, or accel-
eration.

11. The apparatus (104, 204, 204B) of claim 8, wherein
the at least one characteristic comprises an indica-
tion relating to multimedia, heart rate, temperature,
pressure, velocity, or acceleration.

12. The apparatus (104, 204, 204B) of claim 8, wherein
the means (110, 216, 216B) for processing provides
data having, as compared to the analog data, less
degradation of the at least one characteristic.

13. The apparatus (104, 204, 204B) of claim 12, wherein
the degradation relates to noise, interference, or
noise and interference.

14. A method of processing data, comprising:

decompressing data at a first device (104, 204,
204B);
generating waveform encoded data from the de-
compressed data; and
transmitting the waveform encoded data to a
second device (102, 202, 202B) via a wireless
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communication link.

15. A computer program providing program code to ex-
ecute the method according to claim 14 when exe-
cuted by a computer.
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