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SOUND FEATURE PRIORITY ALIGNMENT

BACKGROUND

[0001] Sound alignment may be leveraged to support a
wide range of functionality. For example, sound data may be
captured for use as part of a movie, recording of a song, and
so on. Parts of the sound data, however, may reflect capture in
anoisy environment and therefore may be less than desirable
when output, such as by being difficult to understand, inter-
fere with desired sounds, and so on. Accordingly, parts of the
sound data may be replaced by other sound data using sound
alignment. Sound alignment may also be employed to support
other functionality, such as to utilize a foreign overdub to
replace the sound data with dialog in a different language.
[0002] However, conventional techniques that are
employed to automatically align the sound data may sound
unnatural when output. This may be due to changes caused by
stretching and/or compressing of portions of the audio data to
align the corresponding portions to each other. These changes
in the sound data may cause differences that are perceptible to
a user listening to the sound data and thus the result may
sound unnatural to the user.

SUMMARY

[0003] Sound feature priority alignment techniques are
described. In one or more implementations, features of sound
data are identified from a plurality of recordings. Values are
calculated for frames of the sound data from the plurality of
recordings. The values are based on similarity of the frames of
the sound data from the plurality of recordings to each other,
the similarity based on the identified features and a priority
that is assigned based on the identified features of respective
frames. The sound data from the plurality of recordings is
then aligned based at least in part on the calculated values.
[0004] This Summary introduces a selection of concepts in
a simplified form that are further described below in the
Detailed Description. As such, this Summary is not intended
to identify essential features of the claimed subject matter, nor
is it intended to be used as an aid in determining the scope of
the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The detailed description is described with reference
to the accompanying figures. In the figures, the left-most
digit(s) of a reference number identifies the figure in which
the reference number first appears. The use of the same ref-
erence numbers in different instances in the description and
the figures may indicate similar or identical items. Entities
represented in the figures may be indicative of one or more
entities and thus reference may be made interchangeably to
single or plural forms of the entities in the discussion.
[0006] FIG. 1 is an illustration of an environment in an
example implementation that is operable to employ sound
feature alignment techniques as described herein.

[0007] FIG. 2 depicts a system in an example implementa-
tion in which sound features are identified and leveraged to
generate sound feature rules.

[0008] FIG. 3 depicts a system in an example implementa-
tion in which aligned sound data is generated from overdub
sound data and reference sound data from FIG. 1 using sound
feature rules of FIG. 2 that reflect differences in human per-
ception.
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[0009] FIG. 4 is a flow diagram depicting a procedure in an
example implementation in which identification of features is
utilized to generate sound feature rules that reflect human
perception.

[0010] FIG.5is a flow diagram depicting a procedure in an
example implementation in which sound feature rules are
used to align sound data.

[0011] FIG. 6 illustrates an example system including vari-
ous components of an example device that can be imple-
mented as any type of computing device as described and/or
utilized with reference to FIGS. 1-5 to implement embodi-
ments of the techniques described herein.

DETAILED DESCRIPTION

Overview

[0012] Sound alignment techniques may be used to tempo-
rally align sound data, such as an overdub recording to a
reference recording. This may be utilized to support a variety
of functionality as previously described. Conventional sound
alignment techniques typically treat the alignment of sound
data at each instance in time as equally important, e.g., at each
frame. However, this is not true for human perception. Human
perception, for instance, generally has increased sensitivity to
timing at the beginning of a phrase as opposed to an end of the
phrase. Similarly, human perception is more sensitive to cer-
tain syllable sounds, such as transient attacks, than other
syllables.

[0013] Accordingly, sound feature alignment techniques
are described that may be employed to take into account
differences in human perception. These techniques, for
instance, may be used to dynamically prioritize frames
according to human perception, rather than treating each
frame as equally important. This may be based on sound
feature rules that assign a priority based on features included
in the frames. Accordingly, the features may be used to both
align and prioritize how that alignment is to be performed,
which may be used to promote sound alignment that has
increased consistency with human perception. Further dis-
cussion ofthese and other techniques may be found in relation
to the following sections.

[0014] In the following discussion, an example environ-
ment is first described that may employ the sound feature
alignment techniques described herein. Example procedures
are then described which may be performed in the example
environment as well as other environments. Consequently,
performance of the example procedures is not limited to the
example environment and the example environment is not
limited to performance of the example procedures.

[0015] Example Environment

[0016] FIG. 1 is anillustration of an environment 100 in an
example implementation that is operable to employ the sound
feature alignment techniques described herein. The illus-
trated environment 100 includes a computing device 102 and
sound capture devices 104, 106, which may be configured in
a variety of ways.

[0017] The computing device 102, for instance, may be
configured as a desktop computer, a laptop computer, a
mobile device (e.g., assuming a handheld configuration such
as a tablet or mobile phone), and so forth. Thus, the comput-
ing device 102 may range from full resource devices with
substantial memory and processor resources (e.g., personal
computers, game consoles) to a low-resource device with
limited memory and/or processing resources (e.g., mobile
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devices). Additionally, although a single computing device
102 is shown, the computing device 102 may be representa-
tive of a plurality of different devices, such as multiple servers
utilized by a business to perform operations “over the cloud”
as further described in relation to FIG. 6.

[0018] The sound capture devices 104, 106 may also be
configured in a variety of ways. [llustrated examples of one
such configuration involves a standalone device but other
configurations are also contemplated, such as part of a mobile
phone, video camera, tablet computer, part of a desktop
microphone, array microphone, and so on. Additionally,
although the sound capture devices 104, 106 are illustrated
separately from the computing device 102, the sound capture
devices 104, 106 may be configured as part of the computing
device 102, a single sound capture device may be utilized in
each instance, and so on.

[0019] The sound capture devices 104, 106 are each illus-
trated as including respective sound capture modules 108,
110 that are representative of functionality to generate sound
data, examples of which include reference sound data 112 and
overdub sound data 114. Reference sound data 112 is utilized
to describe sound data for which at least a part is to be
replaced by the overdub sound data 114. This may include
replacement of noisy portions (e.g., due to capture of the
reference sound data 112 “outside”), use of'a foreign overdub,
and even replacement using sound data that has different
spectral characteristics. Thus, the overdub sound data 114
may reference unaligned sound data that is to be processed for
alignment with the reference sound data 112. Additionally,
although illustrated separately for clarity in the discussion it
should be apparent that these roles may be satisfied alter-
nately by different collections of sound data (e.g., in which
different parts are taken from two or more files), and so on.
[0020] Regardless of where the reference sound data 112
and overdub sound data 114 originated, this data may then be
obtained by the computing device 102 for processing by a
sound processing module 116. Although illustrated as part of
the computing device 102, functionality represented by the
sound processing module 116 may be further divided, such as
to be performed “over the cloud” via a network 118 connec-
tion, further discussion of which may be found in relation to
FIG. 6.

[0021] Anexample of functionality of the sound processing
module 116 is represented using a sound feature module 120
and an alignment module 122. The sound feature module 120
is representative of functionality to identify features in sound
data. This may include identification of features used to gen-
erate sound feature rules as further described in relation to
FIG. 2 as well as identification of features for application of
the sound rules as further described in relation to FIG. 3, such
as for alignment of sound data by the alignment module 122.
[0022] Thus, the alignment module 122 may be used to
align the overdub sound data 114 to the reference sound data
112 to create aligned sound data 124. As previously
described, this may be used to replace a noisy portion of
sound data, replace dialog with other dialog (e.g., for difterent
languages), and so forth. Further discussion of generation of
the aligned sound data 124 using sound feature rules may be
found beginning with the following discussion and associated
figure.

[0023] FIG. 2 depicts a system 200 in an example imple-
mentation in which sound characteristics are identified and
leveraged to generate sound rate rules that reflect a natural
sound model. A feature identification module 202 is illus-
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trated that is representation of functionality to identify fea-
tures 204 of sound data. Although speech is described in
examples, it should be noted that this is not limited to spoken
words and thus may also include other sounds, such as musi-
cal instruments, animals sounds, environmental sounds (e.g.,
rain, traffic), and even generated sounds such as sounds gen-
erated by a video game or other source.

[0024] The feature identification module 202, for instance,
may be employed to process a corpus of sound data 206 to
learn features 204 of the sound data 206 and relative priority
of those features, i.e., to each other. This may be performed
generally for a language or other sounds to generate general
sound features 208 as well as for source specific sound fea-
tures 210, such as for a particular speaker or other source. This
may be performed in a variety of ways, such as through use of
a hidden Markov model (HMM) or other sound learning
technique as described below.

[0025] A variety of different features 204 may be learned
automatically and without user intervention on the part of the
rate identification module 202. For example, the features 204
may describe characteristics of frame of the sound data 206.
This may include spectral characteristics (e.g., bases and
weights as further described in relation to FIG. 3), level of
transience, silence, frame energy, peak value, phoneme type,
words, syllables, phones, whether indicative of a pause, and
SO on.

[0026] The features 204 may also describe a context of a
frame in relation to one or more other frames of the sound data
206. For example, a sound uttered for a vowel sound “a” when
used in a word “awful” may be different than when used in a
word “Dad.” This may also include whether the frame is
indicative of a phrase onset, phrase offset, word onset, word
offset, position within a word/phrase of a syllable, and so on.
Accordingly, a context in which the sound is encountered
may be different and therefore this difference may be defined
by the features 204.

[0027] Manual inputs 212 may also be provided to the
feature identification module 202 to generate the features
204. The feature identification module 202, for instance, may
output a user interface via which a user may define features
204 manually, such as for particular syllables, phrases, words,
sentences, phones, and other sounds such as transient sounds
(e.g., an utterance of “t”) as previously described. As above,
this may include whether the frame is indicative of a phrase
onset, phrase offset, word onset, word offset, position within
a word/phrase of a syllable, and so on. Further, the features
204 may be specified for general sound features 208 as well as
source specific sound features 210, such as speech of a par-
ticular user.

[0028] These features 204 may then be processed by a
feature rule module 214 to form sound feature rules 216. The
sound feature rules 216 may be configured to calculate a
priority based on respective features to reflect a relative
importance of features 204 in accordance with human per-
ception. For example, the sound feature rules 216 may specify
that frames having a higher energy are to have a higher pri-
ority than frames having lower energy. In this way, the sound
feature rules 216 may then be employed by the alignment
module 122 to perform alignment based at least in part on the
priorities calculated for the frames, as opposed to conven-
tional techniques in which each frame is given equal impor-
tance. An example of use of the sound feature rules 216 by the
alignment module 122 may be found in relation to the fol-
lowing description and corresponding figure.
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[0029] FIG. 3 depicts a system 300 in an example imple-
mentation in which aligned sound data 124 is generated from
overdub sound data 114 and reference sound data 112 from
FIG. 1 using sound feature rules that reflect differences in
human perception. A reference sound signal 302 and an over-
dub sound signal 304 are processed by a time/frequency
transform module 306 to create reference sound data 112 and
overdub sound data 114.

[0030] The sound data, for instance, may be used to form a
representation of a respective signal. For example, a time-
domain signal may be received and processed to produce a
time-frequency representation, e.g., a spectrogram. Spectro-
grams may be generated in a variety of ways, an example of
which includes calculation as magnitudes of short time Fou-
rier transforms (STFT) of the signals. Additionally, the spec-
trograms may assume a variety of configurations, such as
narrowband spectrograms (e.g., 32 ms windows) although
other instances are also contemplated. Other examples are
also contemplated, such as use of sound data that describes an
original time domain representation of a signal.

[0031] Overdub sound data 114 and reference sound data
112 are illustrated as being received for processing by respec-
tive sound feature modules 308, 310 of the alignment module
120, which may or may not correspond to the feature identi-
fication module 202 of FIG. 1. Although illustrated sepa-
rately, a single sound feature module may also be utilized for
processing both the overdub sound data 114 and the reference
sound data 112. The sound feature modules 308, 310 are
representative of functionality to identify features in the
sound data that are usable to uniquely identify particular
portions of the sound data (e.g., spectral characteristics and so
on), illustrated examples include features 312 of the reference
sound data 112 and features 314 for the overdub sound data
114.

[0032] The features 312, 314 may take a variety of different
forms. For example, the features 312, 314 may result from a
calculation of bases (e.g., spectral characteristics) and
weights (e.g., temporal features) of the reference sound data
112 and the overdub sound data 114, respectively. Bases, for
instance, may include spectral characteristics such as spectral
basis vectors, which may be considered spectral building
blocks of the sound data. Weights may include temporal
features, such as speech weights, noise weights, and so on.
The weights may define a temporal evolution of a signal such
that at each time instance of the signal, the signal may be
defined by a linear combination of the blocks defined by the
bases.

[0033] The feature modules 308, 310 may employ a variety
of different techniques to compute the features 312, 314. For
example, the features 312, 314 may be computed with an
algorithm, such as Probabilistic Latent Component Analysis
(PLCA), non-negative matrix factorization (NMF), non-
negative hidden Markov (N-HMM), non-negative factorial
hidden Markov (N-FHMM), and the like. Other features are
also contemplated, such as contextual features as described
above.

[0034] The features 312 identified in the reference sound
data 112 and the features 314 identified from the overdub
sound data 112 114 may then be used by an adjustment and
synthesis module 316 to generate aligned sound data 124.
This may include “speeding up” and “slowing down” por-
tions ofthe overdub sound data 114 to match feature timing in
the reference sound data 112.
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[0035] Forexample, the features 312,314 may be described
using matrices of speech weights for the reference sound data
112 and overdub sound data 114, respectively. The features
312,314 and priority assigned to the features 312,314 may be
used to analyze how the overdub sound data 114 may be
warped in time by the time warping module 318 to align the
respective features, such as by a global offset or sampling
factor, compressing, stretching, and so on.

[0036] The time warping module 318, for instance, may
employ dynamic time warping that leverages a similarity
matrix of the reference and overdub features, respectively.
The similarity matrix may be configured in a variety of ways,
such as a two-dimensional rectangular matrix. One dimen-
sion may express length, in number of windows, for the
reference sound data 112 and the other dimension may be the
length for the overdub sound data 114. Each element of the
matrix may give a similarity distance between features, e.g.,
a cosine distance.

[0037] As previously described, conventional techniques
treated each frame equally (e.g., assigned a value of 1 to -1)
and thus could often form results that were inconsistent with
human perception. However, in the techniques described
herein priority of frames for alignment may be prioritized in
accordance with human perception, thus promoting a natural
sounding output.

[0038] A similarity matrix, for instance, may be sized
“0O-by-R” where “O” is a number of overdub frames and “R”
is the number of reference frames. The similarity matrix thus
contains a comparison of every frame of the overdub sound
data 114 to every frame of the reference sound data 112. This
is typically done by a normalized inner product (e.g., cosine
distance) as described above although other examples are also
contemplated. A value of “1” means that the two frames are
identical (up to a scale factor) and a value of “~1” means that
the two frames are complete opposites. This may be done with
spectral or spectrally-derived features as described above.
[0039] These values may then be scaled by the sound fea-
ture rules 216 as generated in FIG. 2 to assign a priority to the
frames. For example, the sound feature rules 216 may be
configured such that values are increased to place higher
importance on frames with phrase onsets and higher energy
by the time warping module 318. Thus, in this example each
frame’s features would be used to scale the original “~1” to
“+1” value. The higher the scale factor, the higher the priority
that is placed on that frame to perform the alignment.
[0040] Although scaling was described, a variety of other
techniques may also be employed to assign priorities. The
features, for instance, may be used to override the original
value calculated based on the spectral characteristics, add an
offset, and so on. Additionally, other linear or nonlinear scal-
ing may be used to calculate the final values in the similarity
matrix that are based on the spectral characteristics and the
priorities.

[0041] The time warping module 318 may then use these
calculated values to find the optimal alignment on the refer-
ence and overdub sound data 112, 114 based on the informa-
tion in the similarity matrix. A synthesis module 320 may
then synthesize aligned sound data 124 using the information
learned in the previous time warping step by the time warping
module 318. The result is aligned sound data 124 that has the
spectral characteristics of the overdub and the timing of the
reference.

[0042] An optimal path, for instance, may be determined to
minimize the error between the features of the reference
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sound data 112 and overdub sound data 114, respectively,
such that the path is most similar in the most number of
frames. For instance, a path may indicate that to align a given
frame of the reference sound data 112 and overdub sound data
114, the reference sound data 112 and the overdub sound data
114 are each to be advanced by a single frame. For another
frame, a path may indicate that the reference sound data 112
is to be advanced two frames and the overdub sound data 114
is to remain on a current frame, i.e., is not to be advanced. The
paths may indicate whether to stretch, compress, time-shift,
or otherwise warp one of the signals to better match the other
signal.

[0043] Thus, automatic time alignment may be performed
by the adjustment and synthesis module 316 to stretch and
compress sound data to match the timing of other sound data,
e.g., the overdub sound data 114 to the reference sound data
112. This may be performed by dividing the sound data into a
series of short frames and analyzing the spectral content of the
frames. Based on this analysis, a determination may be made
as to how the timing of the frames from the overdub sound
data 114 is to be changed such that the spectral characteristics
best match the frames in the reference sound data 112. Fur-
ther, this analysis may take into an account a priority assigned
to the frames. In this way, the timing and priority information
may be used to modify the timing of the overdub sound data
114 to match the desired timing of the reference sound data
112 that is consistent with human perception.

[0044] Example Procedures

[0045] The following discussion describes sound feature
priority alignment techniques that may be implemented uti-
lizing the previously described systems and devices. Aspects
of each of the procedures may be implemented in hardware,
firmware, or software, or a combination thereof. The proce-
dures are shown as a set of blocks that specify operations
performed by one or more devices and are not necessarily
limited to the orders shown for performing the operations by
the respective blocks. In portions of the following discussion,
reference will be made to FIGS. 1-3.

[0046] FIG.4 depicts a procedure 400 in an example imple-
mentation in which identification of features is utilized to
generate sound feature rules that reflect human perception.
Features of sound data are identified from first and second
recordings (block 402). This may include spectral character-
istics of the sound data as well as a context in which the frame
relates to other frames in the sound data, e.g., a beginning or
end of a phrase or so on.

[0047] Values are calculated for frames of the sound data
from the first and second sound recordings (block 404). The
values, for instance, may be calculated such that each of the
values is based on similarity of the frames of the sound data
from the first and second sound recordings to each other based
on the identified features (block 406). The values, for
instance, may be based on similarity of spectral and other
characteristics of the frames. Each of the values is also
assigned a priority that is based on the identified features of
respective frames (block 408). The values, for instance, may
be used to scale or offset the similarity values above and/or
may be used to override those values.

[0048] The sound data from the first and second recordings
is then aligned based at least in part on the calculated values
(block 410). In this way, the alignment module 122 may take
into account both similarity of features as well as a priority
assigned to the features to align sound data, such as to reflect
human perception.
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[0049] FIG. 5 depicts a procedure 500 in an example imple-
mentation in which sound features rules are used to assign a
priority that is usable to align sound data. Sound data is
aligned from a plurality of recordings to generate aligned
sound data, the aligning performed based as least in part using
sound feature rules to assign a priority to frames in the sound
data based on features that are identified in the frames, the
priority reflecting a likelihood of perceptual importance to a
user (block 502). The sound feature rules, for instance, may
be generated as described in relation to FIG. 2 automatically
and without user intervention by one or more modules as well
as specified manually by a user through interaction with auser
interface. These rules may reflect a likelihood of perceptual
importance to a user, such as the likelihood that a user notices
alignment or misalignment of one feature versus another.
[0050] The generated aligned sound data may then be out-
put (block 504). This may include display in a user interface,
e.g., a representation of the sound data as a spectrogram,
outputusing a sound output device (e.g., a speaker), storage to
a computer-readable storage media, and so on.

[0051] Example System and Device

[0052] FIG. 6 illustrates an example system generally at
600 that includes an example computing device 602 that is
representative of one or more computing systems and/or
devices that may implement the various techniques described
herein. This is illustrated through inclusion of the sound pro-
cessing module 116, which may be configured to process
sound data, such as sound data captured by an sound capture
device 104. The computing device 602 may be, for example,
a server of a service provider, a device associated with a client
(e.g., a client device), an on-chip system, and/or any other
suitable computing device or computing system.

[0053] The example computing device 602 as illustrated
includes a processing system 604, one or more computer-
readable media 606, and one or more I/O interface 608 that
are communicatively coupled, one to another. Although not
shown, the computing device 602 may further include a sys-
tem bus or other data and command transfer system that
couples the various components, one to another. A system bus
can include any one or combination of different bus struc-
tures, such as a memory bus or memory controller, a periph-
eral bus, a universal serial bus, and/or a processor or local bus
that utilizes any of a variety of bus architectures. A variety of
other examples are also contemplated, such as control and
data lines.

[0054] Theprocessing system 604 is representative of func-
tionality to perform one or more operations using hardware.
Accordingly, the processing system 604 is illustrated as
including hardware element 610 that may be configured as
processors, functional blocks, and so forth. This may include
implementation in hardware as an application specific inte-
grated circuit or other logic device formed using one or more
semiconductors. The hardware elements 610 are not limited
by the materials from which they are formed or the processing
mechanisms employed therein. For example, processors may
be comprised of semiconductor(s) and/or transistors (e.g.,
electronic integrated circuits (ICs)). In such a context, pro-
cessor-executable instructions may be electronically-execut-
able instructions.

[0055] The computer-readable storage media 606 is illus-
trated as including memory/storage 612. The memory/stor-
age 612 represents memory/storage capacity associated with
one or more computer-readable media. The memory/storage
component 612 may include volatile media (such as random
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access memory (RAM)) and/or nonvolatile media (such as
read only memory (ROM), Flash memory, optical disks, mag-
netic disks, and so forth). The memory/storage component
612 may include fixed media (e.g., RAM, ROM, a fixed hard
drive, and so on) as well as removable media (e.g., Flash
memory, a removable hard drive, an optical disc, and so
forth). The computer-readable media 606 may be configured
in a variety of other ways as further described below.

[0056] Input/output interface(s) 608 are representative of
functionality to allow a user to enter commands and informa-
tion to computing device 602, and also allow information to
be presented to the user and/or other components or devices
using various input/output devices. Examples of input
devices include a keyboard, a cursor control device (e.g., a
mouse), a microphone, a scanner, touch functionality (e.g.,
capacitive or other sensors that are configured to detect physi-
cal touch), a camera (e.g., which may employ visible or
non-visible wavelengths such as infrared frequencies to rec-
ognize movement as gestures that do not involve touch), and
so forth. Examples of output devices include a display device
(e.g., a monitor or projector), speakers, a printer, a network
card, tactile-response device, and so forth. Thus, the comput-
ing device 602 may be configured in a variety of ways as
further described below to support user interaction.

[0057] Various techniques may be described herein in the
general context of software, hardware elements, or program
modules. Generally, such modules include routines, pro-
grams, objects, elements, components, data structures, and so
forth that perform particular tasks or implement particular
abstract data types. The terms “module,” “functionality,” and
“component” as used herein generally represent software,
firmware, hardware, or a combination thereof. The features of
the techniques described herein are platform-independent,
meaning that the techniques may be implemented on a variety
of commercial computing platforms having a variety of pro-
Cessors.

[0058] An implementation of the described modules and
techniques may be stored on or transmitted across some form
of computer-readable media. The computer-readable media
may include a variety of media that may be accessed by the
computing device 602. By way of example, and not limita-
tion, computer-readable media may include “computer-read-
able storage media” and “computer-readable signal media.”

[0059] “Computer-readable storage media” may refer to
media and/or devices that enable persistent and/or non-tran-
sitory storage of information in contrast to mere signal trans-
mission, carrier waves, or signals per se. Thus, computer-
readable storage media refers to non-signal bearing media.
The computer-readable storage media includes hardware
such as volatile and non-volatile, removable and non-remov-
able media and/or storage devices implemented in a method
or technology suitable for storage of information such as
computer readable instructions, data structures, program
modules, logic elements/circuits, or other data. Examples of
computer-readable storage media may include, but are not
limited to, RAM, ROM, EEPROM, flash memory or other
memory technology, CD-ROM, digital versatile disks (DVD)
or other optical storage, hard disks, magnetic cassettes, mag-
netic tape, magnetic disk storage or other magnetic storage
devices, or other storage device, tangible media, or article of
manufacture suitable to store the desired information and
which may be accessed by a computer.

[0060] “Computer-readable signal media” may refer to a
signal-bearing medium that is configured to transmit instruc-

May 29, 2014

tions to the hardware of the computing device 602, such as via
a network. Signal media typically may embody computer
readable instructions, data structures, program modules, or
other data in a modulated data signal, such as carrier waves,
data signals, or other transport mechanism. Signal media also
include any information delivery media. The term “modu-
lated data signal” means a signal that has one or more of its
characteristics set or changed in such a manner as to encode
information in the signal. By way of example, and not limi-
tation, communication media include wired media such as a
wired network or direct-wired connection, and wireless
media such as acoustic, RF, infrared, and other wireless
media.

[0061] As previously described, hardware elements 610
and computer-readable media 606 are representative of mod-
ules, programmable device logic and/or fixed device logic
implemented in a hardware form that may be employed in
some embodiments to implement at least some aspects of the
techniques described herein, such as to perform one or more
instructions. Hardware may include components of an inte-
grated circuit or on-chip system, an application-specific inte-
grated circuit (ASIC), a field-programmable gate array
(FPGA), a complex programmable logic device (CPLD), and
other implementations in silicon or other hardware. In this
context, hardware may operate as a processing device that
performs program tasks defined by instructions and/or logic
embodied by the hardware as well as a hardware utilized to
store instructions for execution, e.g., the computer-readable
storage media described previously.

[0062] Combinations of the foregoing may also be
employed to implement various techniques described herein.
Accordingly, software, hardware, or executable modules may
be implemented as one or more instructions and/or logic
embodied on some form of computer-readable storage media
and/or by one or more hardware elements 610. The comput-
ing device 602 may be configured to implement particular
instructions and/or functions corresponding to the software
and/or hardware modules. Accordingly, implementation of a
module that is executable by the computing device 602 as
software may be achieved at least partially in hardware, e.g.,
through use of computer-readable storage media and/or hard-
ware elements 610 of the processing system 604. The instruc-
tions and/or functions may be executable/operable by one or
more articles of manufacture (for example, one or more com-
puting devices 602 and/or processing systems 604) to imple-
ment techniques, modules, and examples described herein.
[0063] The techniques described herein may be supported
by various configurations of the computing device 602 and
are not limited to the specific examples of the techniques
described herein. This functionality may also be implemented
all or in part through use of a distributed system, such as over
a “cloud” 614 via a platform 616 as described below.

[0064] The cloud 614 includes and/or is representative of a
platform 616 for services 618. The platform 616 abstracts
underlying functionality of hardware (e.g., servers) and soft-
ware resources of the cloud 614. The services 618 may
include applications and/or data that can be utilized while
computer processing is executed on servers that are remote
from the computing device 602. Services 618 can also include
services provided over the Internet and/or through a sub-
scriber network, such as a cellular or Wi-Fi network.

[0065] The platform 616 may abstract resources and func-
tions to connect the computing device 602 with other com-
puting devices. The platform 616 may also serve to abstract
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scaling of resources to provide a corresponding level of scale
to encountered demand. Accordingly, in an interconnected
device embodiment, implementation of functionality
described herein may be distributed throughout the system
600. For example, the functionality may be implemented in
part on the computing device 602 as well as via the platform
622 616 abstracts the functionality of the cloud 614.

CONCLUSION

[0066] Although the invention has been described in lan-
guage specific to structural features and/or methodological
acts, it is to be understood that the invention defined in the
appended claims is not necessarily limited to the specific
features or acts described. Rather, the specific features and
acts are disclosed as example forms of implementing the
claimed invention.

What is claimed is:

1. A method implemented by one or more computing
devices, the method comprising:

identifying features of sound data from a plurality of

recordings;

calculating values for frames of the sound data from the

plurality of recordings, each of the values based on:

similarity of the frames of the sound data from the plu-
rality of recordings to each other based on the identi-
fied features; and

apriority that is assigned based on the identified features
of respective said frames; and

aligning the sound data from the plurality of recordings

based at least in part on the calculated values.

2. A method as described in claim 1, wherein the identified
features include features that describe spectral characteristics
of the sound data.

3. A method as described in claim 2, wherein the spectral
characteristics are described using bases and the identified
features further include weights that describe temporal fea-
tures of the sound data.

4. A method as described in claim 1, wherein the identified
features include features that describe a context of one or
more said frames of the sound data to other said frames.

5. A method as described in claim 4, wherein the context
indicates a phrase onset, phrase offset, word onset, or word
offset.

6. A method as described in claim 1, wherein the identified
features describe characteristics of a respective said frame,
the characteristics including level of transience, silence,
frame energy, peak value, pitch, frequency content, or pho-
neme type.

7. A method as described in claim 1, wherein the calculat-
ing is performed such that the priority that is assigned for the
frames of the sound data from the plurality of recordings
based on the identified features is used to scale a value indi-
cating the similarity of the frames to each other.

8. A method as described in claim 7, wherein the scaling is
performed using linear or non-linear scaling.

9. A method as described in claim 1, wherein the calculat-
ing is performed such that the priority that is assigned for the
frames of the sound data from the plurality of sound record-
ings based on the identified features is used to override or
apply an offset to a value indicating the similarity of the
frames to each other.
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10. A method as described in claim 1, wherein the priority
is assigned using one or more sound feature rules such that the
priority reflects a likelihood of perceptual importance to a
user.

11. A method as described in claim 1, further comprising
building a similarity matrix using the calculated values that
describes a comparison between frames from the sound data
from a first said recording with frames from the sound data
from a second said recording and wherein the similarity
matrix is used as part of the aligning.

12. A method as described in claim 1, further comprising
synthesizing aligned sound data from the sound data from the
plurality of recordings based on the aligning.

13. A system comprising:

at least one module implemented at least partially in hard-

ware and configured to identify features of sound data;
and

one or more modules implemented at least partially in

hardware and configured to generate sound feature rules
based on the identified features of the sound data, the
sound feature rules usable to assign a priority to frames
based on features that are identified in the frames, the
priority usable to determine an alignment of sound data
from a plurality of recordings to each other.

14. A system as described in claim 13, wherein the identi-
fied features include:

features that are specified by a user;

features that describe spectral characteristics of the sound

data;

features that describe a context of one or more said frames

of the sound data to other said frames, the context indi-
cating a phrase onset, phrase offset, word onset, or word
offset; or

features that describe characteristics of a respective said

frame, the characteristics including level of transience,
silence, frame energy, peak value, or phoneme type.

15. A system as described in claim 13, wherein the one or
more modules are further configured to align the sound data
from the plurality of recordings to each other using the sound
feature rules.

16. One or more computer-readable storage media having
instructions stored thereon that, responsive to execution on a
computing device, causes the computing device to perform
operations comprising:

aligning sound data from a plurality of recording to gener-

ate aligned sound data, the aligning performed based as

least in part using sound feature rules to assign a priority

to frames in the sound data based on features that are

identified in the frames, the priority reflecting a likeli-

hood of perceptual importance to a user; and
outputting the generated aligned sound data.

17. One or more computer-readable storage media as
described in claim 16, wherein the features that referenced by
the sound feature rules include:

features that describe spectral characteristics of the sound

data;

features that describe a context of one or more said frames

of the sound data to other said frames, the context indi-
cating a phrase onset, phrase offset, word onset, or word
offset; or

features that describe characteristics of a respective said

frame, the characteristics including level of transience,
silence, frame energy, peak value, pitch, frequency con-
tent, or phoneme type.
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18. One or more computer-readable storage media as
described in claim 16, wherein the aligning is performed
using a similarity matrix that describes a comparison between
frames from the sound data from the plurality of recordings to
each other.

19. One or more computer-readable storage media as
described in claim 16, wherein the sound features rules are
utilized to scale or override a value that is used to indicate
similarity of the frames to each other.

20. One or more computer-readable storage media as
described in claim 16, wherein the outputting is performed by
storing the generated aligned sound data to computer-read-
able storage media, displaying a representation of the gener-
ated aligned sound data in a user interface, or outputting the
generated aligned sound data via a sound output device.

#* #* #* #* #*
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