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DEVICES AND METHODS FOR A
SPEECH-BASED USER INTERFACE

BACKGROUND

[0001] Unless otherwise indicated herein, the materials
described in this section are not prior art to the claims in this
application and are not admitted to be prior art by inclusion
in this section.

[0002] Speech-based user interfaces (SUIs) allow comput-
ing devices to interact with users through speech. For
example, an SUI may employ various speech processing
technologies such as automatic speech recognition (ASR) to
receive information or instructions spoken by a user. Further,
the SUI may employ speech synthesis technologies such as
text-to-speech (TTS) to provide information to the user in
the form of computer-generated speech.

[0003] SUIs may facilitate various modes of human-ma-
chine interaction including a hands-free mode of operation,
a multi-modal mode of operation, and an accessibility mode
of operation, among other possibilities. As an example of
hands-free operation, a navigation application in a comput-
ing device may provide driving directions to a driver
through computer-generated speech. As an example of
multi-modal operation, a test-taking application in the com-
puting device may provide visual instructions to a test-taker
along with speech prompts for time remaining in the test. As
an example of accessibility operation, an operating system
or a screen-reader application may recite or describe con-
tents of a display of the device to a visually impaired user or
any other user operating the device in the accessibility mode.
[0004] To facilitate speech synthesis, a computing device
typically accesses a corpus of recorded speech from a
speaker that has a particular voice (e.g., male, female, child,
adult, high-pitch, low-pitch, etc.). Alternatively, the corpus
may include representations of the recorded speech (e.g.,
acoustic feature parameters, etc.).

[0005] Typically, a computing device may employ TTS as
a system service available to at least some applications in the
computing device. By way of example, an application in the
device may provide text to the TTS system. In turn, the TTS
system may generate synthetic speech by concatenating one
or more recorded speech sounds to recite the text. Alterna-
tively, for instance, the TTS system may generate the
synthetic speech for the text by modulating signals to a
speaker of the device according to stored acoustic feature
parameters.

SUMMARY

[0006] Inone example, a method is provided that includes
a device identitying a plurality of sources for outputs that the
device is configured to provide. The device may include one
or more processors. The plurality of sources includes at least
one of a particular application in the device, an operating
system of the device, a particular area within a display of the
device, or a particular graphical user interface (GUI) object.
The method also includes assigning a set of distinct voices
to respective sources of the plurality of sources. A voice
assigned to one source is characterized by voice character-
istics different from voice characteristics of other voices
assigned to other sources. The method also includes receiv-
ing a request for speech output. The method also includes
selecting, from within the plurality of sources, a particular
source that is associated with the requested speech output.
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The method also includes generating, for the requested
speech output, speech having particular voice characteristics
of a particular voice assigned to the particular source.

[0007] In another example, a device is provided that
comprises one or more processors and data storage storing
instructions executable by the one or more processors. The
instructions cause the device to identify a plurality of
sources for outputs that the device is configured to provide.
The plurality of sources includes at least one of a particular
application in the device, or an operating system of the
device. The instructions also cause the device to assign a set
of distinct voices to respective sources of the plurality of
sources. A voice assigned to one source is characterized by
voice characteristics different from voice characteristics of
other voices assigned to other sources. The instructions also
cause the device to receive a request for speech output. The
instructions also cause the device to select, from within the
plurality of sources, a particular source that is associated
with the requested speech output. The instructions also cause
the device to generate, for the requested speech output,
speech having particular voice characteristics of a particular
voice assigned to the particular source.

[0008] In yet another example, a computer readable
medium is provided. The computer readable medium may
have instructions stored therein that, when executed by a
computing device, cause the computing device to perform
functions. The functions include identifying a plurality of
sources for outputs that the computing device is configured
to provide. The plurality of sources include at least one of a
particular application in the computing device, an operating
system of the computing device, a particular area within a
display of the computing device, or a particular graphical
user interface (GUI) object. The functions also include
assigning a set of distinct voices to respective sources of the
plurality of sources. A voice assigned to one source is
characterized by voice characteristics different from voice
characteristics of other voices assigned to other sources. The
functions also include receiving a request for speech output.
The functions also include selecting, from within the plu-
rality of sources, a particular source that is associated with
the requested speech output. The functions also include
generating, for the requested speech output, speech having
particular voice characteristics of a particular voice assigned
to the particular source.

[0009] In still another example, a system is provided that
comprises a means for identifying a plurality of sources for
outputs that a device is configured to provide. The plurality
of sources includes at least one of a particular application in
the device, an operating system of the device, a particular
area within a display of the device, or a particular graphical
user interface (GUI) object. The system further comprises a
means for assigning a set of distinct voices to respective
sources of the plurality of sources. A voice assigned to one
source is characterized by voice characteristics different
from voice characteristics of other voices assigned to other
sources. The system further comprises a means for receiving
a request for speech output. The system further comprises a
means for selecting, from within the plurality of sources, a
particular source that is associated with the requested speech
output. The system further comprises a means for generat-
ing, for the requested speech output, speech having particu-
lar voice characteristics of a particular voice assigned to the
particular source.
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[0010] These as well as other aspects, advantages, and
alternatives, will become apparent to those of ordinary skill
in the art by reading the following detailed description, with
reference where appropriate to the accompanying figures.

BRIEF DESCRIPTION OF THE FIGURES

[0011] FIG. 1 illustrates a device, according to an example
embodiment.
[0012] FIG. 2 is a block diagram of a device, according to

an example embodiment.

[0013] FIG. 3 is a block diagram of a text-to-speech
synthesis system, according to an example embodiment.
[0014] FIG. 4 is a block diagram of a method, according
to an example embodiment.

[0015] FIG. 5A illustrates a user interface, according to an
example embodiment.

[0016] FIG. 5B is a block diagram illustrating various
areas of the user interface of FIG. 5A.

[0017] FIG. 6 depicts a computer-readable medium con-
figured according to an example embodiment.

DETAILED DESCRIPTION

[0018] The following detailed description describes vari-
ous features and functions of the disclosed systems and
methods with reference to the accompanying figures. In the
figures, similar symbols identify similar components, unless
context dictates otherwise. The illustrative system, device
and method embodiments described herein are not meant to
be limiting. It may be readily understood by those skilled in
the art that certain aspects of the disclosed systems, devices
and methods can be arranged and combined in a wide variety
of different configurations, all of which are contemplated
herein.

[0019] In some instances, a computing device (e.g., desk-
top computer, laptop, smartphone, tablet, wearable device,
server, etc.) may be configured to provide outputs from
multiple sources such as different applications, operating
systems, widgets, or any other user interface (UI) element.
For instance, an email application may output contents of an
email, a calendar application may output a notification for an
upcoming appointment, an operating system may output a
notification for battery level, etc.

[0020] Even outputs from the same source may have
varying contexts. In one instance, output from an email
application may include text from several authors. In
another instance, output from a word-processing application
may include text having different font characteristics (e.g.,
font style, size, bold, italic, color, capitalized, quoted, etc.).
In yet another instance, output from a screen-reader appli-
cation may include a caption of a button and a value of a
sliding bar. As a variation of this instance, the button may be
positioned in a particular area of a display (e.g., top of
display) and the sliding bar may be positioned at a different
area (e.g., bottom of display). In still another instance,
output from a stock-screening application may include a
listing of stocks that are associated with different degrees of
market performance or that are arranged according to some
factor.

[0021] The context of the outputs may also depend on the
status of the device or the source itself, among other
possibilities. In one instance, a download management
application may output the percentage remaining for a file
being downloaded in different ways (e.g., font characteris-
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tics, etc.) according to network conditions. In another
instance, a sports application may output sports results in a
particular format based on the version of the application on
the device or the day of the week (e.g., Sunday games may
have a special format, etc.). In yet another instance, an image
processing application may process images in a different
manner depending on remaining battery power, and may
output a notification when the processing is complete in
different ways (e.g., different colors, etc.) depending on the
manner of processing.

[0022] Other scenarios are possible as well where outputs
provided by the computing device have different contexts or
sources. On one hand, for at least some of the instances
above, the contextual (and source) information associated
with the outputs may be effectively conveyed to a user if the
outputs are provided visually (e.g., using a display, etc.). For
example, the contextual (and source) information may be
transmitted to a user by adjusting colors, adjusting font
characteristics, arranging the information, adjusting display
brightness, etc. On the other hand, transmitting the contex-
tual (and source) information to a user using speech output
may involve additional speech processing, in accordance
with the present disclosure.

[0023] Within examples, methods and systems are pro-
vided for assigning distinguishable voice characteristics to
output speech according to a source or context of the output
speech. In one example, a device herein may provide
synthetic speech having a particular voice for a first appli-
cation (e.g., email, etc.) and synthetic speech having another
voice for a second application (e.g., calendar, etc.). In
another example, the device may provide speech having
different voices for output from the same application. For
instance, in a text-to-speech application, a pitch, speed,
quality (e.g., harsh voice, soft voice, etc.), etc., of synthetic
speech may be adjusted for text that is bold compared to text
that is italic, etc., even if the text is from the same applica-
tion. Other modifications are possible as well and are
described in greater detail within exemplary embodiments of
the present disclosure. Further, within examples, methods
and devices are provided for selection of distinct voices
from within a plurality of available voices. In some
examples, the voices accessible to a device may be limited.
For instance, a speech corpus may include recorded speech
from only one or few speakers due to memory limitations.
Accordingly, within examples, methods and systems are
provided for generating additional voices based on morph-
ing or transforming available voices.

[0024] Through this process, in some examples, a user of
the computing device may perceive the source or context of
generated speech without additional output (e.g., additional
speech specifying the source/context, etc.) from the com-
puting device. For instance, adjusting the voice character-
istics of generated speech output in accordance with the
present method may convey the identity of the application
providing the output without explicitly announcing the iden-
tity of the application (e.g., “you have an email” followed by
the contents of the email, etc.), the source of the output, or
the context of the output (e.g., “capitalized text” followed by
a pronunciation of the text, etc.).

[0025] Referring now to the figures, FIG. 1 illustrates a
device 100, according to an example embodiment. The
device 100 may include a display 102, applications 104a and
1044, an application programming interface (API) 106, an
operating system 108 for executing instructions to operate
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hardware 110 of the device 100, and an audio output
apparatus 112. Although device 100 is illustrated in FIG. 1
as a smartphone, aspects of this disclosure are applicable to
other computing devices such as personal computers, lap-
tops, tablet computers, servers, wearable devices, etc.

[0026] The display 102 may include a light emitting diode
(LED) display, a liquid crystal display (LCD), a cathode ray
tube (CRT) display, an e-ink screen, and/or any other suit-
able device for presenting a graphical user interface and/or
visual information to the user of the device 100. Although
illustrated in FIG. 1 that the display 102 is included in the
device 100, in some examples, the display 102 may be
implemented as an external display coupled to the device
100. For example, the display 102 may be an external
monitor or projection screen configured to display the visual
information provided by the device 100.

[0027] Each of the applications 104a¢ and 1045 may
include instructions that when executed cause the device 100
to perform specific tasks or functions. The applications 104a
and 1045 may be native applications (i.e., installed by a
manufacturer of the device 100 and/or a manufacturer of the
operating system 108) or may be a third-party application
installed by a user of the device 100. A non-exhaustive list
of'example applications includes: a media player application
that accepts media files as inputs and generates correspond-
ing video and/or audio to output device(s) (e.g., the display
102, audio output apparatus 112, etc.); an e-reader applica-
tion which accepts electronic documents (e.g., books, maga-
zines, etc.) as an input and presents the content of the
documents via the display 102 or via the audio output
apparatus 112; a feed reader that accepts feeds delivered
over a network (e.g., RSS feeds and/or feeds from social
network sites) as inputs and presents the feeds via the
display 102 or the audio output apparatus 112; a map
application that displays a map via the display 102 or the
audio output apparatus 112; a note-taking application, a
bookmarking application, a word processing application,
spreadsheet application, and/or presentation application that
accepts specifically formatted files as inputs and presents
them via the display 102 or the audio output apparatus 112
for viewing and/or editing. Other example applications are
possible.

[0028] The device 100 may also include one or more APIs,
such as the API 106. The API 106 may function as an
interface between the operating system 108 and the appli-
cations 104a and 104b. For example, the API 106 may
provide the interface for receiving requests having a par-
ticular format from the application 104a and/or 1045, and
may manage provision of the requests to the operating
system 108. Further, in some examples, the API 106 may be
configured to process requests that are directed to particular
functions of the device 100, such as operation of the display
102 or the hardware 110. In other examples, the API 106
may be configured to process requests for any combination
of functions of the device 100. In one example, the API 106
may include a text-to-speech (TTS) interface for receiving
text from the applications 104a-1045 and generating speech
output that corresponds to the text (e.g., via the audio output
apparatus 112). Additionally or alternatively, the functions
of the API 106 may be performed by the operating system
108. For example, the applications 104a and/or 1045 may be
configured to interface directly with the operating system
108.
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[0029] The operating system 108 may interact with and
manage the display 102, the hardware 110, and the audio
output apparatus 112 to provide services for the applications
104a and 104b. For example, the application 104a may
request the operating system 108 to utilize the hardware 110
to scan for wireless devices in an environment of the device
100.

[0030] The hardware 110 may include, for example, a
central processing unit (CPU), a graphics processor (GPU),
memory, a communication interface, a power unit, an input/
output (I/O) interface, user input device(s), and output
device(s). Components of hardware 110 may be controlled
by instructions contained in applications 104a and 1045, the
API 106, and/or the operating system 108.

[0031] The central processing unit (CPU) may be operable
to effectuate the operation of the device 100 by executing
instructions stored in memory or disk storage. Such instruc-
tions may include the operating system 108 and the appli-
cations 104a and 1045, for example. The CPU may, for
example, comprise a single or multi-core processor, an
application specific integrated circuit (ASIC), field program-
mable gate array (FPGA), and/or any other suitable circuitry.
[0032] The graphics processor may be operable to gener-
ate a video stream for output to the display 102 based on
instructions and/or data received from the CPU. Addition-
ally or alternatively, the graphics processor may be operable
to perform animations of virtual objects on the display 102.
Thus, data structures corresponding to images to be dis-
played on the display 102 may be stored to and read from the
memory or disk storage by the CPU. The CPU may convey
such data structures to the graphics processor via a stan-
dardized application programming interface (API) such as,
for example, the API 106, Standard Widget Toolkit (SWT),
the DirectX Video Acceleration API, the Video Decode
Acceleration Framework API, or other suitable API.
[0033] The memory may include program memory and
run-time memory. The memory may, for example, comprise
non-volatile memory, volatile memory, read only memory
(ROM), random access memory (RAM), flash memory,
magnetic storage, and/or any other suitable memory. Pro-
gram memory may store instructions executable by the CPU
to effectuate operation of the operating system 108 and the
applications 104a and 1045. Runtime memory may store
data generated or used during execution of the operating
system 108 or applications 104a and 1045.

[0034] The communication interface may be operable to
allow wired (e.g., Ethernet, Universal Serial Bus (USB),
etc.) and/or wireless (e.g., Wi-Fi, Bluetooth, near-field,
Infrared (IR), etc.) connectivity between the device 100 and
one or more external devices. To that end, the communica-
tion interface may include a wireless receiver configured to
receive and/or manipulate wireless signals, and/or a wireless
transmitter configured to transmit and/or manipulate wire-
less signals. In some examples, the wireless receiver and the
wireless transmitter can be implemented as a single circuit
that performs both transmit and receive functions. The
communication interface may also include one or more
antennas (e.g., dipole, etc.) coupled to the various transmit-
ter, receiver, and/or transceiver circuitry to broadcast and/or
receive the wireless signals.

[0035] The input/output (I/O) interface may be operable to
receive signals from the input device(s), and provide corre-
sponding signals to the CPU and/or the graphics processor.
The input device(s) may include, for example, a mouse, a
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touchpad, a motion sensor, a trackball, a voice recognition
device, a keyboard, or any other suitable input device which
enables a user to interact with the device 100. The output
devices may include, for example, the display 102, addi-
tional displays, the audio output apparatus 112, and/or
additional audio output apparatuses.

[0036] The audio output apparatus 112 may include any
device suitable for outputting sound content from the device
100. For example, the audio device 110 may include any
combination of headphones, speakers, and/or output inter-
faces to external headphones/speakers.

[0037] In some examples, the device 100 may include
more or less components than those shown in FIG. 1. In one
example, the device 100 may not include any or some of the
applications 104a, 1045, and the API 106. In another
example, the hardware 110 may not include a GPU. Other
examples are possible as well.

[0038] FIG. 2 is a block diagram of a device 200, accord-
ing to an example embodiment. The device 200 may be
similar to the device 100. The device 200 includes an input
interface 202, an output interface 204, a processor 206, and
data storage 208.

[0039] The device 200 may include a computing device
such as a smart phone, digital assistant, digital electronic
device, body-mounted computing device, personal com-
puter, server, or any other computing device configured to
execute program instructions 220 included in the data stor-
age 208 to operate the device 200. In some examples, the
device 200 may include additional components (not shown
in FIG. 2), such as a camera, an antenna, or any other
physical component configured, based on the program
instructions 220 executable by the processor 206, to operate
the device 200. The processor 206 included in the device 200
may comprise one or more processors configured to execute
the program instructions 220 to operate the device 200.
[0040] The input interface 202 may include an audio input
device such as a microphone or any other component
configured to provide an input signal comprising audio
content associated with speech to the processor 206. Addi-
tionally or alternatively, the input interface 202 may include
any other input device such as a keyboard, mouse, touch-
screen, or any other component configured to provide an
input signal to the processor 206.

[0041] The output interface 204 may include an audio
output apparatus, such as a speaker, headphone, or any other
component configured to receive an output signal from the
processor 206, and output speech sounds that may indicate
synthetic speech content based on the output signal. Addi-
tionally or alternatively, the output interface 204 may
include a display such as a liquid crystal display (LCD),
light emitting diode (LED) display, projection display, cath-
ode ray tube (CRT) display, or any other display configured
to provide visual output. Other output devices are possible
as well (e.g., haptic output, etc.).

[0042] Additionally or alternatively, the input interface
202 and/or the output interface 204 may include network
interface components configured to, respectively, receive
and/or transmit the input signal and/or the output signal
described above. For example, an external computing device
(e.g., server, etc.) may provide the input signal (e.g., speech
content, linguistic content, etc.) to the input interface 202 via
a communication medium such as Wi-Fi, WiMAX, Ethernet,
Universal Serial Bus (USB), or any other wired or wireless
medium. Similarly, for example, the external computing
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device may receive the output signal from the output inter-
face 204 via the communication medium described above.
[0043] The data storage 208 may include one or more
memories (e.g., flash memory, Random Access Memory
(RAM), solid state drive, disk drive, etc.) that include
software components configured to provide the program
instructions 220 executable by the processor 206 to operate
the device 200. Although FIG. 2 shows the data storage 208
physically included in the device 200, in some examples, the
data storage 208 or some components included thereon may
be physically stored on a remote computing device. For
example, some of the software components in the data
storage 208 may be stored on a remote server accessible to
the device 200. As shown, the data storage 208 may include
speech dataset 210 and program instructions 220. In some
examples, the data storage 208 may optionally include a
transform dataset 212.

[0044] The speech dataset 210 includes speech data asso-
ciated with one or more voices. In some examples, the
speech dataset 210 may include a plurality of speech sounds
associated with voice characteristics of the one or more
voices. For example, the plurality of speech sounds may
include recorded speech segments from a speaker that has a
particular voice. Further, in some examples, the plurality of
speech sounds may also include recorded speech segments
from another speaker that has another voice. Alternatively,
for example, the speech segments may be synthetic speech
sounds that have particular voice characteristics of a par-
ticular voice.

[0045] Additionally or alternatively, in some examples,
the speech dataset 210 may include parametric representa-
tions (e.g., acoustic feature parameters) of the plurality of
speech sounds. For example, the plurality of speech sounds
may be represented in the speech dataset 210 as samples of
spectral and/or aperiodicity envelopes that describe the
plurality of speech sounds.

[0046] The acoustic feature parameters, for example, may
include a parameterization of spectral/aperiodicity aspects
(e.g., spectral envelope, aperiodicity envelope, etc.) for a
speech signal that may be utilized to regenerate a synthetic
pronunciation of the speech signal. Example spectral param-
eters may include Cepstrum, Mel-Cepstrum, Generalized
Mel-Cepstrum, Discrete Mel-Cepstrum, Log-Spectral-En-
velope, Auto-Regressive-Filter, Line-Spectrum-Pairs (LSP),
Line-Spectrum-Frequencies (LSF), Mel-LSP, Reflection
Coeflicients, Log-Area-Ratio Coeflicients, deltas of these,
delta-deltas of these, a combination of these, or any other
type of spectral parameter. Example aperiodicity parameters
may include Mel-Cepstrum, log-aperiodicity-envelope, fil-
terbank-based quantization, maximum voiced frequency,
deltas of these, delta-deltas of these, a combination of these,
or any other type of aperiodicity parameter. Other param-
eterizations are possible as well such as maximum voiced
frequency or fundamental frequency parameterizations
among other possibilities.

[0047] In some examples, the acoustic feature parameters
described above may be sampled at harmonic frequencies of
the speech signal. For example, a spectral envelope of the
speech signal (e.g., Mel-Cepstrum, Log-spectral-envelope,
etc.) may be sampled at the harmonic frequencies and/or any
other frequencies (e.g., regular frequencies, irregular fre-
quencies, etc.) of the speech signal.

[0048] In some examples, where the speech dataset 210
includes a plurality of speech sounds for a given voice, the
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device 200 may be configured to determine the acoustic
feature parameters for such speech sounds.

[0049] In some examples, the plurality of speech sounds
(or parameters thereof) in the speech dataset 210 are each
assigned to a linguistic term or a linguistic class. The
linguistic term (or linguistic class), for example, may
include various phonetic features such as phonemes, phones,
diphones, triphones, etc.

[0050] A phoneme may be considered to be a smallest
segment (or a small segment) of an utterance that encom-
passes a meaningful contrast with other segments of utter-
ances. Thus, a word typically includes one or more pho-
nemes. For example, phonemes may be thought of as
utterances of letters; however, some phonemes may repre-
sent multiple letters. An example phonemic representation
for the English language pronunciation of the word “cat”
may be /k/ /ae/ /t/, including the phonemes /k/, /ae/, and /t/
from the English language. In another example, the phone-
mic representation for the word “dog” in the English lan-
guage may be/d/ /aw/ /g/, including the phonemes /d/, /aw/,
and /g/ from the English language.

[0051] Different phonemic alphabets exist, and these
alphabets may have different textual representations for the
various phonemes therein. For example, the letter “a” in the
English language may be represented by the phoneme /ae/
for the sound in “cat,” by the phoneme /ey/ for the sound in
“ate,” and by the phoneme /aly/ for the sound in “beta.” Other
phonemic representations are possible. As an example, in the
English language, common phonemic alphabets may contain
about 40 distinct phonemes. In some examples, a phone may
correspond to a speech sound. For example, the letter “s” in
the word “nods” may correspond to the phoneme /z/ which
corresponds to the phone [s] or the phone [z] depending on
a position of the word “nods” in a sentence or on a
pronunciation of a speaker of the word. In some examples,
a sequence of two phonemes (e.g., /k/ /ae/) may be described
as a diphone. In this example, a first half of the diphone may
correspond to a first phoneme of the two phonemes (e.g.,
/k/), and a second half of the diphone may correspond to a
second phoneme of the two phonemes (e.g., /ae/). Similarly,
in some examples, a sequence of three phonemes may be
described as a triphone.

[0052] Additionally, in some examples, the plurality of
speech sounds (or parameters thereof) in the speech dataset
210 may be associated with concatenation features (e.g.,
linguistic classes, etc.) such as prosodic features, preceding
and following phonemes, position of speech sound in syl-
lable, position of syllable in word and/or phrase, position of
word in phrase, stress/accent/length features of current/
preceding/following syllables, distance from stressed/ac-
cented syllable, length of current/preceding/following
phrase, end tone of phrase, length of speech sound within the
speech signal, etc. By way of example, a pronunciation of
the phoneme /ae/ in the word “cat” may be different than a
corresponding pronunciation of the phoneme /ae/ in the
word “catapult.”

[0053] In some examples, where speech sounds of the
speech dataset 210 are associated with linguistic terms/
classes, the device 200 may be configured to synthesize a
speech signal by determining a hidden Markov model
(HMM) chain that corresponds to at least some of the
acoustic feature parameters associated with the speech
sounds. For example, an HMM may model a system such as
a Markov process with unobserved (i.e., hidden) states. Each
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HMM state may be represented as a Gaussian distribution,
a von Mises distribution, or any other statistical distribution
that characterizes statistical behavior of the state. For
example, a statistical distribution may include the acoustic
feature parameters of a phoneme that corresponds to a given
speech sound of the plurality of speech sounds indicated by
the speech dataset 210. Additionally, each state may also be
associated with one or more state transitions that specity a
probability of making a transition from a current state to
another state (e.g., based on concatenation features, etc.).
[0054] When applied to the device 200, in some examples,
the combination of the statistical distributions and the state
transitions for each state may define a sequence of acoustic
feature parameters that may be processed to generate a
synthetic speech output.

[0055] The transform dataset 212 may include one or more
voice conversion transforms to transform speech sounds (or
parameters thereof) having one or more of the voices
represented in the speech dataset 210 to speech sounds (or
parameters) having one or more additional voices. To that
end, a transform may include any combination of filters,
weighting functions, frequency-warping functions, or any
other signal processing algorithm to modify voice charac-
teristics of a given voice represented in the speech dataset
210 to different voice characteristics of another voice not
represented in the speech dataset 210. Through this process,
for example, the device 200 may be configured to provide
speech having additional voices (and associated voice char-
acteristics) without storing speech sounds (or parameters
thereof) for the additional voices in the speech dataset 210.
In turn, for example, memory savings may be achieved for
the device 200 by storing the transforms in the transform
dataset 212 instead of storing additional speech sounds for
such additional voices in the speech dataset 210.

[0056] In some examples, the transforms in the transform
dataset 212 may be determined by the device 200 comparing
a sample speech signal with speech sounds (or parameters
thereof) in the speech dataset 210 to generate the transform
dataset 212. For instance, the device 200 may prompt a user
to recite a training text sample, and may then determine the
transform dataset 212 by comparing voice characteristics of
the user with voice characteristics of speech sounds associ-
ated with one or more voices represented in the speech
dataset 210. In other examples, the transforms in the trans-
form dataset 212 may be computed by any other device, and
stored in the data storage 208 for use by the device 200.
[0057] The voice characteristics that vary between two
voices may include vocal tract characteristics (e.g., vocal
tract length, vocal tract shape, etc.), nasal cavity character-
istics, and/or voicing characteristics, among other possibili-
ties. The voicing characteristics, for example, may be asso-
ciated with a glottal formant or a spectral tilt. The glottal
format and/or the spectral tilt may pertain to differences in
spectral energy distribution between the two voices.
[0058] To compensate for differences in the vocal tract
characteristics, in some examples, a transform may include
a “warping” component. By way of example, a first speech
sound of a first voice may have particular spectral features
(e.g., maximums, minimums, etc.) at the frequencies: 1450
Hz, 1600 Hz, and 1750 Hz. Similarly, in the example, a
second speech sound of a second voice (generated based on
a transform) may have corresponding spectral features at the
frequencies: 1455 Hz, 1595 Hz, and 1740 Hz. The difference
in the example may be due to differences between the vocal
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tract characteristics of the first voice and the second voice.
Thus, for example, the “warping” component may associate
the various frequencies accordingly. Further, for example, to
compensate for differences in the nasal cavity characteristics
(e.g., spectral nulls at high frequencies, etc.) and/or the
voicing characteristics, the transform may include a
“weighting” component. In the example above, amplitudes
of the acoustic feature parameters (e.g., spectral envelopes,
aperiodicity envelopes, etc.) at a particular frequency (e.g.,
1750 Hz for the first voice and 1740 Hz for the second voice,
etc.) may differ by a factor, and thus the “weighting”
component may compensate for such difference. Accord-
ingly, in some examples, the transform may include both the
“warping” and the “weighting” components. However, other
transforms are possible as well depending on the voice
conversion process utilized to generate the transforms in the
transform dataset 212.

[0059] In some examples, a given transform of the trans-
form dataset 212 may be configured to adjust voice charac-
teristics of only one voice of the voice(s) represented in the
speech dataset 210. In other examples, the given transform
may be alternatively configured to adjust voice characteris-
tics of more than one voice of the voices represented in the
speech dataset 210.

[0060] The program instructions 220 comprise various
software components including a voice assignment unit 224
and a speech synthesis unit 228. In some examples, the
program instructions 220 may optionally include a voice
generation unit 222 and a voice selection unit 226. The
various software components 222-228 may be implemented,
for example, as an application programming interface (API),
dynamically-linked library (DLL), or any other software
implementation suitable for providing the program instruc-
tions 220 to the processor 206.

[0061] The voice generation unit 222 may be configured to
determine additional voices other than the voice(s) repre-
sented in the speech dataset 210. For example, in line with
the description of the transform dataset 212, the voice
generation unit 222 may utilize the transform dataset 212 to
determine speech sounds/parameters that have voice char-
acteristics different from the voice characteristics of speech
sounds/parameters of the one or more voices represented in
the speech dataset 210.

[0062] Additionally or alternatively, in some examples,
the voice generation unit 222 may determine additional
voices by applying voice morphing parameters to the voice
(s) represented the speech dataset 210 and/or the voices
determined based on the transform dataset 212. The mor-
phing parameters, for example, may adjust one or more of a
tonality, duration, frequency, or quality of a given voice.
Tonality modifications, for example, may include adjusting
a pitch (e.g., average pitch), pitch contour variance (e.g.,
melody), or any other (e.g., random) pitch variations of
speech sounds associated with a voice. Duration modifica-
tions, for example, may include adjusting a speaking rate of
one or more speech sounds associated with a voice. Fre-
quency warping modifications, for example, may include
linear frequency scaling to simulate vocal tract length
changes. Voice quality modifications, for example, may
include adjusting harshness of a voice, softness of a voice,
creakiness of a voice, or diplophonia of a voice, among other
possibilities. Other voice morphing parameters are possible
as well. Thus, by applying different voice morphing param-
eters to existing (or transformed) voices, the voice genera-
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tion unit 222 may generate additional voices for the device
200 without storing speech sounds for these additional
voices, for example.

[0063] The voice assignment unit 224 may be configured
to assign a set of distinct voices to respective sources of
speech outputs that the device 200 is configured to provide.
Referring back to FIG. 1 by way of example, the plurality of
sources may include the application 104a and the applica-
tion 1045. Thus, for instance, by assigning a first voice to
application 1044 and a second voice to application 1045, a
user of the device 200 may distinguish between speech
outputs from each of these applications by perceiving the
different voice characteristics of the generated speech. The
set of distinct voices may include voices represented in the
speech dataset 210 and/or any of the voices generated by the
voice generation unit 222 (e.g., based on the transform
dataset 212 and/or voice morphing parameters, etc.). In
some examples, the voice assignment unit 224 may be
configured to assign more than one of the set of distinct
voices to the same source. For instance, the application 104a
may provide text having different font characteristics for
speech synthesis, and the voice assignment unit 224 may
assign a first voice to bold text and a second voice to
italicized text, etc. In other examples, the voice assignment
unit 224 may assign only one distinct voice for each respec-
tive source.

[0064] The voice selection unit 226 may be configured to
select the set of distinct voices described in the voice
assignment unit 224, from within the plurality of voices
represented in the speech dataset 210 and/or the additional
voices generated by the voice generation unit 222. In line
with the discussion above, the plurality of voices available
to the device 200 for assignment to different sources of
speech output may include many voices depending on the
number of voices of the speech dataset 210, the number of
transforms of the transform dataset 212, and the number of
voice morphing parameters available to the voice generation
unit 222. However, in some examples, some of the available
voices may be similar, and thus less suitable for distinguish-
ing the different sources (or contexts) of speech outputs
provided by the device 200. In turn, for example, the voice
selection unit 226 may be configured to select, from within
the available voices, a subset having voice characteristics
that have a threshold amount of difference in voice charac-
teristics compared to one another. Through this process, for
example, a listener may distinguish between a relatively
smaller number of voices to perceive the context (or source)
of'the speech output, thereby reducing the cognitive strain of
the listener.

[0065] Accordingly, in some examples, the voice selection
unit 226 may be configured to determine a similarity metric
characterizing similarity between the plurality of available
voices. The similarity metric may characterize the similarity
between voice characteristics of speech sounds having a first
voice and voice characteristics of speech sounds having a
second voice.

[0066] In some examples, the similarity metric may be
based on a subjective comparison between speech sounds
having a first voice and speech sounds having a second
voice. For instance, similarity mean-of-opinion scores
(MOS) may be based on a test where listeners compare a
speech sample having voice characteristics of the first voice
with a similar speech sample having voice characteristics of
the second voice. The listeners, for example, may rate their
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perception of similarity between the two speech samples and
a mean of the ratings (e.g., scores) may be utilized to
determine the similarity metric. For example, the similarity
MOS scores may be stored in the data storage 208 (e.g.,
within the speech dataset 210, within the transform dataset
212, within any other dataset, etc.) or in any other remote
memory, and the voice selection unit 226 may access the
stored similarity MOS scores to determine the similarity
metric. Other subjective comparisons are possible as well.
[0067] Additionally or alternatively, in some examples,
the similarity metric may be based on an objective compari-
son between the plurality of available voices. In one
example, the voice selection unit 226 may compare acoustic
feature parameters of voices represented in the speech
dataset 210 (and/or voices generated by the voice generation
unit 222). In another example, the voice selection unit 226
may compare transforms in the transform dataset 212 to
determine a measure of similarity (i.e., the similarity metric)
between transformed voices using the different transforms in
the transform dataset 212. In both cases, various comparison
algorithms are possible, such as distance measurement algo-
rithms among other possibilities. For instance, the voice
selection unit 226 may determine differences between
respective “warping” and/or respective “weighting” compo-
nents of different transforms in the transform dataset 212.
Other algorithms are possible as well for determining the
similarity metric.

[0068] Accordingly, the voice selection unit 226 may
select the set of distinct voices from within the plurality of
available voices, where the similarity metric indicates that
similarity between the set of distinct voices is less than a
threshold. The selected set of distinct voices may then be
utilized by the voice assignment unit 224 for assignment to
the plurality of sources of speech output that the device 200
is configured to provide.

[0069] Further, in some examples, the voice selection unit
226 may further reduce the number of voices in the set of
distinct voices by determining a naturalness metric and/or an
intelligibility metric.

[0070] The naturalness metric may characterize acoustic
transitions between speech segments of a voice that are
included in a speech output. By way of example, the device
200 may generate synthetic speech for the word “dog” by
combining speech sounds for the phonemes /d/, /aw/, and
/g/. In this example, the speech sounds for the three pho-
nemes may be obtained by parsing recorded speech samples
where the three phonemes are used in other words, such as
“day,” “bronze,” and “bag.” Thus, for example, combining
the speech sounds may have a high level of naturalness if the
transitions in characteristics such as pitch, duration, pauses,
etc., between the parsed samples are lower than a threshold.
[0071] The intelligibility metric may characterize cogni-
tive perception of speech sounds having a given voice.
Intelligibility may be affected by clarity, explicitness, lucid-
ity, comprehensibility, perspicuity, and precision of the
generated speech. For instance, speech having a high level
of intelligibility may allow a listener to correctly perceive
the intended words recited by the generated speech. By way
of example, the device 200 may be configured to generate
speech for the words “cat” and “cart.” In this example, if the
generated speech has a low level of intelligibility, the
listener may confuse the two words or may perceive an
entirely different word than the two words intended by the
generated speech.
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[0072] In some examples, the naturalness metric and/or
the intelligibility metric may be based on subjective tests.
For example, naturalness MOS scores and/or intelligibility
MOS scores may be provided similarly to the similarity
MOS scores. Other subjective tests are possible as well such
as the semantically unpredictable sentences (SUS) test for
intelligibility and/or naturalness among other possibilities.
[0073] In other examples, the naturalness metric and/or
the intelligibility metrics may be determined based on
objective tests. As an example for an objective test for
intelligibility, the acoustic feature parameters of speech
sounds in the speech dataset 210 may include a noise
representation characterizing aspirates and/or fricatives in
the speech sounds. An aspirate may be associated with a
characteristic of an exhalation of at least a threshold amount
of breath. A fricative may be associated with a characteristic
of airflow between two or more vocal tract articulators.
[0074] In some examples, speech sounds may include
articulation of various speech sounds that involve exhalation
of breath. Such articulation may be described as aspiration
and/or frication, and may cause noise in the speech signal
which may affect the intelligibility of the speech signal. An
example aspirate may correspond to the pronunciation of the
letter “p” in the word “pie.” During articulation of such
aspirate, at least a threshold amount of breath may be
exhaled by a speaker pronouncing the word “pie.” In turn, an
audio recording of the pronunciation of the speaker may
include breathing noise due to the exhalation.

[0075] Further, in some examples, speech sounds may
include a fricative that is associated with airflow between
two or more vocal tract articulators. A non-exhaustive list of
example vocal tract articulators may include a tongue, lips,
teeth, gums, palate, etc. Noise due to such fricative speech
may also be characterized in the noise representation, to
enhance quality of synthesized speech. For example, breath-
ing noise due to airflow between a lip and teeth may be
different from breathing noise due to airflow between a
tongue and teeth.

[0076] Further, for example, the fricative speech sounds
may be included in voiced speech and/or unvoiced speech.
Voicing is a term used in phonetics and phonology to
characterize speech sounds. A voiced speech sound may be
articulated by vibration of vocal cords of a speaker. For
example, a pronunciation of the letter “z” in the word
“zebra” corresponds to the voiced phone [z], and the articu-
lation thereof may cause the vocal cords to vibrate at a
particular pitch frequency (e.g., fundamental frequency,
etc.). Further, for example, a pronunciation of the letter “s”
in the word “sing” corresponds to the voiceless (unvoiced)
phone [s], and the articulation thereof may not cause the
vocal cords to vibrate similarly.

[0077] Thus, in some examples, the voice selection unit
226 may determine the intelligibility metric by analyzing the
acoustic feature parameters of speech sounds associated
with different voices to determine the noise representations
for the different voices. In turn, for example, the voice
selection unit 226 may determine the intelligibility metric by
comparing noise representations associated with different
voices, at least for such speech sounds (e.g., aspirates,
fricatives, etc.). Similarly, in some examples, the naturalness
of a speech sound may be determined based on the acoustic
feature parameters of the speech sound.

[0078] Thus, in some examples, the voice selection unit
226 may utilize the naturalness metric and/or the intelligi-



US 2016/0336003 Al

bility metric to further reduce the number of voices in the set
of distinct voices used by the voice assignment unit 224. In
an example scenario, the voice selection unit 226 may first
select voices that have a naturalness metric indicating natu-
ralness that is greater than a threshold naturalness (e.g.,
MOS score greater than 70%, etc.). Next, in the scenario, the
voice selection unit 226 may then filter out, from within the
selected threshold naturalness voices, voices that have an
intelligibility metric indicating intelligibility that is greater
than a threshold intelligibility (e.g., MOS score greater than
60%, etc.). Next, in the scenario, the voice selection unit 226
may then select, from within the threshold natural and
threshold intelligible voices, the set of distinct voices that
have a similarity metric indicating similarity that is less than
a threshold similarity (e.g., MOS score less than 30%, etc.).
Other scenarios and threshold values are possible as well.
[0079] In some examples, analysis data described above
for the similarity metric, the naturalness metric, and/or the
intelligibility metric may be stored in the data storage 208 or
other memory accessible to the device 200. In other
examples, the analysis data may be determined by the voice
selection unit 226 analyzing speech sounds (or parameters
thereof) represented in the speech dataset 210, transform
dataset 212, and/or provided by the voice generation unit
222.

[0080] The speech synthesis unit 228 may be configured to
receive a request for provision of speech content. The
request, for example, may be received via the input interface
202 or may be received from an application of the device
200 (not shown) similar to the applications 104a and 1045
of the device 100, among other possibilities. In turn, the
speech synthesis unit 228 may be configured to responsively
generate speech (e.g., via the output interface 104, etc.) that
has particular voice characteristics of a particular voice
assigned to the source of the requested speech output by the
voice assignment unit 224.

[0081] In some examples, the speech synthesis unit 228
may utilize a vocoder to provide modified speech sounds of
the speech dataset 210 (or sounds generated by the voice
generation unit 222) according to the particular voice char-
acteristics of the assigned particular voice. Example vocod-
ers that may be utilized by the speech synthesis unit 128 may
include sinusoidal vocoders (e.g., AhoCoder, Harmonic-
plus-Noise Model (HNM) vocoder, Sinusoidal Transform
Codec (STC), etc.) and/or non-sinusoidal vocoders (e.g.,
STRAIGHT, etc.).

[0082] It is noted that functional blocks of FIG. 2 are
illustrated for convenience in description. In some embodi-
ments, the device 200 may be implemented using more or
less components configured to perform the functionalities
described above. For example, the voice generation unit
222, the voice assignment unit 224, the voice selection unit
126, and/or the speech synthesis unit 228 may be imple-
mented as one, two, or more software components. Further,
in some examples, components of the device 200 may be
physically implemented in one or more computing devices
according to various applications of the device 200. For
example, the speech dataset 210 may be included in a remote
computing device (e.g., server) accessible by the device 200.
Other configurations are possible as well.

[0083] FIG. 3 is a block diagram of a text-to-speech
synthesis system 300, according to an example embodiment.
The system 300 shown in FIG. 3 presents an embodiment of
a system that could be used with the devices 100 and/or 200,
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for example. As shown, the system 300 includes a speech
dataset 310, a transform dataset 312, and a speech synthesis
unit 328 that are similar, respectively, to the speech dataset
210, the transform dataset 212, and the speech synthesis unit
228 of the device 200. However, in some examples, the
system 300 may include more or fewer components than
those shown. For instance, the system 300 may alternatively
not include the transform dataset 312.

[0084] Further, as shown, the speech synthesis unit 328
may be configured to receive inputs including text 302,
voice 1D 304, transform 1D 306, and morphing parameters
308. However, in some examples, the system 300 may
receive fewer or additional inputs than those shown. For
instance, where the transform dataset 312 is not included in
the system 300 or where the system 300 does not support the
morphing parameters 308, the system 300 may alternatively
not include the transform ID 306 or the morphing param-
eters 308. Further, as shown, the TTS system 300 provides
a synthetic speech signal 330.

[0085] The text 302 may include any text provided by a
source of information such as a particular application (e.g.,
email application, calendar application, application 104a of
the device 100, etc.), an operating system (e.g., operating
system 108 of the device 100, etc.), a particular area within
a display of a device (e.g., an area within a visual user
interface, etc.), or a particular graphical user interface (GUI)
object (e.g., text box, button, sliding bar, etc.), among other
possibilities.

[0086] The voice ID 304 may include any identification
code for identifying speech sounds represented in the speech
dataset 310 that have particular voice characteristics of a
particular voice. For example, the voice ID 304 may be
provided to the speech synthesis 328 by the voice assign-
ment unit 224 of the device 200 to specify the particular
voice in the speech dataset 310 that the speech synthesis unit
328 should use to provide the output speech 330.

[0087] The transform ID 306 may include any identifica-
tion code (or no identification code) for a particular trans-
form in the transform dataset 312. Similarly to the voice ID
304, the transform ID 306 may be provided by the voice
assignment unit 224.

[0088] The morphing parameters 308 may include mor-
phing parameters generated by the voice generation unit 222
of the device 200 and assigned to the source of the text 302
by the voice assignment unit 224.

[0089] The output speech 330 may include a pronuncia-
tion of the text 302 that has the particular voice character-
istics of a particular voice according to the voice ID 304, the
transform ID 306, and/or the morphing parameters 308.
[0090] As an example scenario for the operation of the
system 300, referring back to FIG. 2, the device 200 may
identify the source of the text 302, and provide the text 302
to the speech synthesis unit 328. Next, the voice assignment
unit 224 may assign the particular voice characteristics of a
particular voice to the identified source of the text 302. In
one instance, if the source is assigned a voice from within
the speech dataset 310, the voice assignment unit 224 may
provide the voice ID 304 of the particular voice. In another
instance, where the assigned voice is a transformed voice,
the voice assignment unit 224 may provide the transform 1D
306 in addition to the voice ID 304 to select a particular
transform from within the transform dataset 312. In yet
another instance, where the assigned voice is a morphed
voice based on a voice in the speech dataset 310, the voice
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assignment unit 224 may provide the morphing parameters
308 in addition to the voice ID 304. In still another example,
where the assigned voice is a morphed voice based on a
transformed voice, the voice assignment unit 224 may
provide the voice ID 304, the transform ID 306, and the
morphing parameters 308.

[0091] Next, in the scenario, the speech synthesis unit may
then generate the speech signal 330 that is a pronunciation
of the text 302 having particular voice characteristics of the
particular voice specified according to the voice ID 304, the
transform ID 306, and/or the morphing parameters 308. For
instance, the speech signal 330 may be provided to the
output interface 204 (e.g., speaker) that provides the audio
pronunciation of the text 302 having the particular voice
characteristics of the particular voice. Other scenarios are
possible as well.

[0092] FIG. 4 is a block diagram of a method 400,
according to an example embodiment. Method 400 shown in
FIG. 4 presents an embodiment of a method that could be
used with the devices 100, 200, and/or the system 300, for
example. Method 400 may include one or more operations,
functions, or actions as illustrated by one or more of blocks
402-410. Although the blocks are illustrated in a sequential
order, these blocks may in some instances be performed in
parallel, and/or in a different order than those described
herein. Also, the various blocks may be combined into fewer
blocks, divided into additional blocks, and/or removed based
upon the desired implementation.

[0093] In addition, for the method 400 and other processes
and methods disclosed herein, the flowchart shows func-
tionality and operation of one possible implementation of
present embodiments. In this regard, each block may rep-
resent a module, a segment, a portion of a manufacturing or
operation process, or a portion of program code, which
includes one or more instructions executable by a processor
for implementing specific logical functions or steps in the
process. The program code may be stored on any type of
computer readable medium, for example, such as a storage
device including a disk or hard drive. The computer readable
medium may include non-transitory computer readable
medium, for example, such as computer-readable media that
stores data for short periods of time like register memory,
processor cache and Random Access Memory (RAM). The
computer readable medium may also include non-transitory
media, such as secondary or persistent long term storage,
like read only memory (ROM), optical or magnetic disks,
compact-disc read only memory (CD-ROM), for example.
The computer readable media may also be any other volatile
or non-volatile storage systems. The computer readable
medium may be considered a computer readable storage
medium, for example, or a tangible storage device.

[0094] In some examples, for the method 400 and other
processes and methods disclosed herein, each block may
represent circuitry that is wired to perform the specific
logical functions in the process.

[0095] At block 402, the method 400 involves identifying
a plurality of sources for outputs that a device is configured
to provide. The plurality of sources, for example, may
include applications in the device (e.g., applications 104a
and 1045 of the device 100, etc.), an operating system of the
device (e.g., operating system 108 of the device 100, etc.),
areas within a display of the device (e.g., notification area,
center area, etc.), [/O components of the device (e.g., physi-
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cal button, etc.), or graphical user interface (GUI) objects in
a display of the device (e.g., text box, button, etc.), among
other possibilities.

[0096] In some examples, the method 400 may also
involve identifying contexts of information provided by one
or more of the plurality of sources. In one instance, a context
may be indicative of font characteristics of text associated
with a particular source (e.g., font size, color, bold setting,
italics setting, capitalization, etc.). In another instance, the
context may be indicative of a type of content in the text. For
example, the text may include an email address, a title, a
body, a conclusion, among other possibilities. In yet another
instance, the context may be indicative of an author of the
text (e.g., messages between two or more persons, summary
authored by one person and body authored by another
person, etc.). In still another instance, the context may be
indicative of a type of a particular source (e.g., sliding bar,
button, text box, image editing type of application, social
network type of application, etc.). In still another instance,
the context may be indicative of a status of the particular
source or a status of the device (e.g., battery level of device,
network conditions, empty text box, filled text box, etc.). In
still another instance, the context may be indicative of a
location of the source (e.g., center of screen, side of device,
back of device, etc.). Other contexts are possible as well in
line with the discussion above.

[0097] At block 404, the method 400 involves assigning a
set of distinct voices to respective sources of the plurality of
sources. A voice assigned to one source is characterized by
voice characteristics different from voice characteristics of
other voices assigned to other sources.

[0098] In some examples, where a particular source may
provide speech outputs having more than one context, the
method 400 may also involve determining a context of the
requested speech output, and assigning at least two voices of
the set of distinct voices to the particular source. By way of
example, a calendar application may have a first voice
assigned for notifications of upcoming appointments within
one hour, a second voice (e.g., morphed voice with a lower
pitch, etc.) for notifications of upcoming appointments
within one week, etc.

[0099] In some examples, the method 400 may also
involve obtaining voice data associated with a plurality of
voices. For instance, the voice data may include speech
sounds (or parameters thereof) similar to the speech sounds
in the speech dataset 210, transforms similar to transforms
in the transform dataset 212, or morphing parameters similar
to the morphing parameters 308 of the system 300. In these
examples, the method 400 may also involve determining a
similarity metric characterizing similarity between the plu-
rality of voices based on the voice data. In one instance, the
voice data may include subjective similarity comparison
data (e.g., MOS, etc.) in line with the discussion of the voice
selection unit 226. In another instance, a device of the
method 400 may compare speech sounds (or parameters
thereof) of a first voice with speech sounds (or parameters
thereof) of a second voice (e.g., original voice, transformed
voice, morphed voice, etc.) in line with the discussion of the
voice selection unit 226 of the device 200. In both instances,
the method 400 may determine the similarity metric such as
a ranking of respective voice pairs that are ordered accord-
ing to a degree of similarity between the voice pairs. In these
examples, the method 400 may also involve selecting the set
of distinct voices of the block 404 from within the plurality
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of voices based on the similarity metric indicating similarity
between the set of distinct voices being less than a threshold.
For instance, a device of the method 400 may select a small
or minimal number of the most distinct voices for inclusion
in the set of distinct voices of the block 404.

[0100] In some examples, the method 400 may also
involve determining a quantity of the plurality of sources
(and/or contexts thereof) identified at block 402, and deter-
mining the threshold for the similarity between the set of
distinct voices based on the quantity. For instance, where the
user interface includes only includes four contexts, the
threshold may be determined such that the set of distinct
voices includes the four most dissimilar voices from within
the plurality of voices.

[0101] Further, in some examples, the selection of the set
of distinct voices of block 404 may be based also on a
naturalness metric and/or an intelligibility metric in line with
the description of the voice selection unit 226 of the device
200. Thus, in some examples, the method 400 may also
involve determining a naturalness metric characterizing
acoustic transitions between speech sounds having a given
voice of the plurality of voices based on the voice data, and
selecting the set of distinct voices based also on the natu-
ralness metric indicating naturalness of the set of distinct
voices being greater than a given threshold. Additionally or
alternatively, in some examples, the method 400 may also
involve determining an intelligibility metric characterizing
cognitive perception of speech sounds having the given
voice based on the voice data, and selecting the set of
distinct voices based also on the intelligibility metric indi-
cating intelligibility of the set of distinct voices being greater
than a given threshold.

[0102] In line with the description of the voice generation
unit 222 of the device 200, in some examples, the method
400 may also involve determining morphing parameters
associated with one or more of a tonality, duration, fre-
quency, or quality of a given voice. For instance, the voice
data may indicate voice characteristics of one or more voices
(e.g., speech dataset 210 of the device 200, etc.). Thus, in
these examples, the method 400 may involve determining
one or more additional voices based on the morphing
parameters, and determining the plurality of voices to
include the one or more additional voices. In turn, for
instance, selecting the set of distinct voices may be from
within the determined plurality of voices that includes the
one or more voices indicated in the voice data as well as the
one or more additional voices determined based on the
morphing parameters.

[0103] Similarly to the discussion of the voice generation
unit 222 of the device 200, in some examples, the method
400 may also involve receiving one or more transforms (e.g.,
transform dataset 212 of the device 200). A given transform,
for instance, may be configured to associate a first voice of
the one or more voices with a second voice other than the
one or more voices. Thus, in these examples, the method 400
may also involve determining one or more additional voices
based on the one or more transforms, and determining the
plurality of voices to include the one or more additional
voices.

[0104] At block 406, the method 400 involves receiving a
request for speech output. In one instance, the request may
be based on an input (e.g., user input requesting an output of
an application, etc.). In another instance, the request may be
received from an application and/or any other source (e.g.,
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operating system, etc.) in the device. For example, a weather
application may request the device to provide the speech
output notifying a user that a weather update was received.
[0105] At block 408, the method 400 involves selecting a
particular source, from within the plurality of sources, which
is associated with the requested speech output. For instance,
the device may identify a particular application (e.g., cal-
endar application, etc.) that is configured to provide infor-
mation associated with the speech output requested at block
406. Additionally or alternatively, in some examples, the
method 400 may also involve selecting a particular context
for the requested speech output, in line with the discussion
above.

[0106] At block 410, the method 400 involves generating,
for the requested speech output, speech having particular
voice characteristics of a particular voice assigned to the
particular source. By way of example, the device may be
configured to provide a synthetic speech pronunciation of
the time of day based on information from a clock applica-
tion (i.e., the particular source). In this example, the device
may generate the speech output with a first voice if the time
of day is in the morning hours (i.e., first context), and the
speech output with a second voice if the time of day is in the
afternoon hours (i.e., second context). Other examples are
possible as well.

[0107] FIG. 5A illustrates a user interface (UI) 500,
according to an example embodiment. FIG. 5B is a block
diagram illustrating various areas of the user interface 500 of
FIG. 5A. The UI 500 is an example Ul that can be used with
the devices 100, 200, the system 300, and/or the method 400.
As shown, the UI 500 includes a notification area 522, a time
display area 524, a slider area 526, a button area 528, a
calendar area 530, and a browsing area 532. However, other
areas are possible as well in accordance with the present
disclosure.

[0108] As shown, the notification area 522 includes one or
more sources of information for notifications such as battery
level 502. The time display area 524 includes information
such as a time 504a, a day 5045, and an upcoming alarm
504c. The slider area 526 includes a slider bar 506. The
button area 528 includes several buttons exemplified by
buttons 508a, 50856, and 508c. The calendar area 530
includes an item title 510a and item details 5105. The
browsing area 532 includes browsing buttons 512a-512c¢. It
is noted that the various contents of the areas 522-532 are for
exemplary purposes only. Other sources/information con-
texts are possible as well in line with the discussion above.
[0109] Insome examples, the UI 500 may be displayed on
a display of a device such as the display 102 of the device
100. However, in other examples, the UI 500 may include
sources of information from more than one component of a
device. For instance, the browsing area 532 may be imple-
mented as physical inputs (e.g., buttons) that are indepen-
dent from the display of the device, and the areas 522-530
may be visually displayed on the display. Other configura-
tions are possible as well.

[0110] FIGS. 5A-5B illustrate various scenarios for a
speech-based user interface in accordance with the present
method.

[0111] In one scenario, a device of the Ul 500 may be
operating in a hands-free mode. In this scenario, the UI 500
may provide various speech outputs from various sources of
the device with a distinct voice rather than narrate the source
of the speech output. For instance, rather than generating
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speech that says “from the calendar application: you have an
upcoming appointment titled,” along with a pronunciation of
the item title 5104, the device may alternatively generate the
pronunciation of the item title 510a with a distinct voice
such that the user may recognize the source of the item title
510a as the calendar application without narrating the
source. As a variation of the scenario, the device of the Ul
500 may generate speech with different voices according to
time remaining for the appointment. For instance, the device
may parse the item details 5106 to determine the time
remaining, and may adjust a particular voice characteristic
(e.g., tonality, pitch, duration, harshness, etc.) to convey the
context (i.e., time remaining) to the user without particularly
narrating the time remaining Thus, the present method
allows transmission of context information to a user of the
UT 500 by assigning distinct voices to various contexts of the
information associated with the generated speech output.
[0112] In another scenario, a device of the UI 500 may be
operating in a multi-modal mode where speech output is
generated concurrently with another type of output (e.g.,
haptic, visual, etc.). For instance, in the scenario, the slider
bar 506 may adjust brightness of the UI 500. Thus, for
instance, a user may adjust the slider bar 506 and visually
inspect the change in brightness as well as receive a speech
output that specifies the brightness percentage. By assigning
a distinct voice to the slider bar 506 the user may perceive
that the percentage indicated in the generated speech is the
brightness percentage and not the percentage of battery
power remaining (e.g., battery level 502) without the device
expressly narrating “the brightness level is xx %,” etc.
[0113] In yet another scenario, a device of the UI 500 may
be operating in an accessibility mode. For instance, a user of
the device may be visually impaired or may request speech
outputs (e.g., driver of a car, etc.) to communicate with the
device. In this scenario, the device of the UI 500 may assign
a distinct voice to each of the areas 522-532. In turn, for
instance, the user may perceive the source/context of speech
outputs such as notifications from the notification area 522,
or a recitation of the caption of button 5085, or a location of
the slider bar 506, etc., without an express narration of the
source/context. For instance, the user may select the button
508a, and the device may generate speech pronouncing
“Captionl” with a distinct voice, rather than “this is the
button area, you selected a button having Captionl.” The
context/source information in this instance may be perceived
by the user associating the distinct voice with a particular
context/source. Other scenarios are possible as well in
accordance with the present disclosure.

[0114] FIG. 6 depicts an example computer-readable
medium configured according to at least some embodiments
described herein. In example embodiments, the example
system can include one or more processors, one or more
forms of memory, one or more input devices/interfaces, one
or more output devices/interfaces, and machine readable
instructions that when executed by the one or more proces-
sors cause the system to carry out the various functions
tasks, capabilities, etc., described above.

[0115] As noted above, in some embodiments, the dis-
closed techniques (e.g. method 400) can be implemented by
computer program instructions encoded on a computer read-
able storage media in a machine-readable format, or on other
media or articles of manufacture (e.g., the applications 104a,
1045, the API 106, the OS 108, the program instructions
220, or the speech synthesis unit 328). FIG. 6 is a schematic
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illustrating a conceptual partial view of an example com-
puter program product that includes a computer program for
executing a computer process on a computing device,
arranged according to at least some embodiments disclosed
herein.

[0116] In one embodiment, the example computer pro-
gram product 600 is provided using a signal bearing medium
602. The signal bearing medium 602 may include one or
more programming instructions 604 that, when executed by
one or more processors may provide functionality or por-
tions of the functionality described above with respect to
FIGS. 1-5. In some examples, the signal bearing medium
602 can be a computer-readable medium 606, such as, but
not limited to, a hard disk drive, a Compact Disc (CD), a
Digital Video Disk (DVD), a digital tape, memory, etc. In
some implementations, the signal bearing medium 602 can
be a computer recordable medium 608, such as, but not
limited to, memory, read/write (R/W) CDs, R/W DVDs, etc.
In some implementations, the signal bearing medium 602
can be a communication medium 610 (e.g., a fiber optic
cable, a waveguide, a wired communications link, etc.).
Thus, for example, the signal bearing medium 602 can be
conveyed by a wireless form of the communications
medium 610.

[0117] The one or more programming instructions 604 can
be, for example, computer executable and/or logic imple-
mented instructions. In some examples, a computing device,
such as the processor-equipped devices 100 and/or 200, may
be configured to provide various operations, functions, or
actions in response to the programming instructions 604
conveyed to the computing device by one or more of the
computer readable medium 606, the computer recordable
medium 608, and/or the communications medium 610. In
other examples, the computing device can be an external
device in communication with a device such as the devices
100 and/or 200.

[0118] The computer readable medium 606 can also be
distributed among multiple data storage elements, which
could be remotely located from each other. The computing
device that executes some or all of the stored instructions
could be an external computer, or a mobile computing
platform, such as a smartphone, tablet device, personal
computer, wearable device, etc. Alternatively, the computing
device that executes some or all of the stored instructions
could be remotely located computer system, such as a server.
For example, the computer program product 600 can imple-
ment the functionalities discussed in the description of
FIGS. 1-5.

[0119] It should be understood that arrangements
described herein are for purposes of example only. As such,
those skilled in the art will appreciate that other arrange-
ments and other elements (e.g. machines, interfaces, func-
tions, orders, and groupings of functions, etc.) can be used
instead, and some elements may be omitted altogether
according to the desired results. Further, many of the ele-
ments that are described are functional entities that may be
implemented as discrete or distributed components or in
conjunction with other components, in any suitable combi-
nation and location, or other structural elements described as
independent structures may be combined.

[0120] While various aspects and embodiments have been
disclosed herein, other aspects and embodiments will be
apparent to those skilled in the art. The various aspects and
embodiments disclosed herein are for purposes of illustra-
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tion and are not intended to be limiting, with the true scope
being indicated by the following claims, along with the full
scope of equivalents to which such claims are entitled. It is
also to be understood that the terminology used herein is for
the purpose of describing particular embodiments only, and
is not intended to be limiting.
What is claimed is:
1. A method comprising:
identifying, by a device that includes one or more pro-
cessors, a plurality of sources for outputs that the
device is configured to provide, wherein the plurality of
sources includes at least one of a particular application
in the device, an operating system of the device, a
particular area within a display of the device, or a
particular graphical user interface (GUI) object;

assigning a set of distinct voices to respective sources of
the plurality of sources, wherein a voice assigned to one
source is characterized by voice characteristics differ-
ent from voice characteristics of other voices assigned
to other sources;

receiving a request for speech output;

selecting, from within the plurality of sources, a particular

source that is associated with the requested speech
output; and

generating, for the requested speech output, speech hav-

ing particular voice characteristics of a particular voice
assigned to the particular source.

2. The method of claim 1, further comprising:

obtaining voice data associated with a plurality of voices;

determining, based on the voice data, a similarity metric

characterizing similarity between the plurality of
voices; and

selecting, from within the plurality of voices, the set of

distinct voices based on the similarity metric indicating
similarity between the set of distinct voices being less
than a threshold.

3. The method of claim 2, further comprising:

determining a quantity of the identified plurality of

sources; and

determining, based on the quantity, the threshold for the

similarity between the set of distinct voices.

4. The method of claim 2, wherein the voice data is
indicative of a subjective similarity comparison between the
plurality of voices, and wherein determining the similarity
metric is based on the subjective similarity comparison.

5. The method of claim 2, wherein the voice data com-
prises acoustic feature parameters characterizing speech
sounds having the plurality of voices, and wherein deter-
mining the similarity metric is based on a comparison
between the acoustic feature parameters.

6. The method of claim 2, further comprising:

determining, based on the voice data, a naturalness metric

characterizing acoustic transitions between speech
sounds having a given voice of the plurality of voices,
wherein selecting the set of distinct voices is based also
on the naturalness metric indicating naturalness of the
set of distinct voices being greater than a given thresh-
old.

7. The method of claim 2, further comprising:

determining, based on the voice data, an intelligibility

metric characterizing cognitive perception of speech
sounds having the given voice, wherein selecting the
set of distinct voices is based also on the intelligibility
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metric indicating intelligibility of the set of distinct
voices being greater than a given threshold.

8. The method of claim 2, wherein the voice data is
indicative of voice characteristics of one or more voices, the
method further comprising:

determining morphing parameters associated with one or

more of a tonality, duration, frequency, or quality of a
given voice;
determining, based on the morphing parameters and the
one or more voices, one or more additional voices; and

determining the plurality of voices to include the one or
more voices indicated by the voice data and the one or
more additional voices determined based on the one or
more morphing parameters, wherein selecting the set of
distinct voices is from within the determined plurality
of voices.

9. The method of claim 2, wherein the voice data is
indicative of voice characteristics of one or more voices, the
method further comprising:

receiving one or more transforms, wherein a given trans-

form is configured to associate a first voice of the one
or more voices with a second voice other than the one
or more voices;
determining, based on the one or more transforms and the
one or more voices, one or more additional voices; and

determining the plurality of voices to include the one or
more voices indicated by the voice data and the one or
more additional voices determined based on the one or
more transforms, wherein selecting the set of distinct
voices is from within the determined plurality of
voices.

10. The method of claim 1, further comprising:

determining a context of the requested speech output,

wherein assigning the set of distinct voices comprises
assigning at least two voices of the set of distinct voices
to the particular source; and

selecting, based on the context, a given voice from within

the at least two voices assigned to the particular source,
wherein the particular voice of the generated speech
corresponds to the selected given voice.

11. The method of claim 10, wherein the context is
indicative of font characteristics of text associated with the
particular source.

12. The method of claim 10, wherein the context is
indicative of an author of text associated with the particular
source, or a type of content in text associated with the
particular source.

13. The method of claim 10, wherein the context is
indicative of a type of the particular source, a status of the
particular source, or a status of the device.

14. A device comprising:

one or more processors;

data storage storing instructions executable by the one or

more processors to cause the device to:

identify a plurality of sources for outputs that the
device is configured to provide, wherein the plurality
of sources includes at least one of a particular
application in the device, or an operating system of
the device;

assign a set of distinct voices to respective sources of
the plurality of sources, wherein a voice assigned to
one source is characterized by voice characteristics
different from voice characteristics of other voices
assigned to other sources;
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receive a request for speech output;

select, from within the plurality of sources, a particular
source that is associated with the requested speech
output; and

generate, for the requested speech output, speech hav-
ing particular voice characteristics of a particular
voice assigned to the particular source.

15. The device of claim 14, further comprising:

a display, wherein the plurality of sources includes at least
one of a particular area within the display, or a par-
ticular graphical user interface (GUI) object in the
display.

16. The device of claim 15, wherein the instructions
further cause the device to receive an input indicative of
selection of the particular area within the display, wherein
selecting the particular source is based on the input.

17. A computer readable medium having stored therein
instructions, that when executed by a computing device,
cause the computing device to perform functions compris-
ing:

identifying a plurality of sources for outputs that the
computing device is configured to provide, wherein the
plurality of sources includes at least one of a particular
application in the computing device, an operating sys-
tem of the computing device, a particular area within a
display of the computing device, or a particular graphi-
cal user interface (GUI) object;

assigning a set of distinct voices to respective sources of
the plurality of sources, wherein a voice assigned to one
source is characterized by voice characteristics differ-
ent from voice characteristics of other voices assigned
to other sources;

receiving a request for speech output;

selecting, from within the plurality of sources, a particular
source that is associated with the requested speech
output; and
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generating, for the requested speech output, speech hav-
ing particular voice characteristics of a particular voice
assigned to the particular source.

18. The computer readable medium of claim 17, the
functions further comprising:

obtaining voice data associated with a plurality of voices;

determining, based on the voice data, a similarity metric

characterizing similarity between the plurality of
voices; and

selecting, from within the plurality of voices, the set of

distinct voices based on the similarity metric indicating
similarity between the set of distinct voices being less
than a threshold.

19. The computer readable medium of claim 18, wherein
the voice data is indicative of voice characteristics of one or
more voices, the functions further comprising:

determining morphing parameters associated with one or

more of a tonality, duration, frequency, or quality of a
given voice;
determining, based on the morphing parameters and the
one or more voices, one or more additional voices; and

determining the plurality of voices to include the one or
more voices indicated by the voice data and the one or
more additional voices determined based on the one or
more morphing parameters, wherein selecting the set of
distinct voices is from within the determined plurality
of voices.

20. The computer readable medium of claim 17, the
functions further comprising:

determining a context of the particular source, wherein

assigning the set of distinct voices comprises assigning
at least two voices of the set of distinct voices to the
particular source; and

selecting, based on the context, a given voice from within

the at least two voices assigned to the particular source,
wherein the particular voice of the generated speech
corresponds to the selected given voice.
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