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(57) Abstract: Various embodiments provide a method and apparatus for providing a silent speech solution which allows the user to
speak over an electronic media such as a cell phone without making any noise. In particular, measuring the shape of the vocal tract
allows creation of synthesized speech without requiring noise produced by the vocal chords.
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METHOD AND APPARATUS FOR PROVIDING SILENT SPEECH

TECHNICAL FIELD
The invention relates generally to methods and apparatus for providing
silent speech.

BACKGROUND

This section introduces aspects that may be helpful in facilitating a
better understanding of the inventions. Accordingly, the statements of this
section are to be read in this light and are not to be understood as admissions
about what is in the prior art or what is not in the prior art.

In some known silent speech proposals, the use of conventional
speech recognition techniques is suggested. Conventional speech recognition
requires training and a database of patterns.

SUMMARY OF ILLUSTRATIVE EMBODIMENTS

Some simplifications may be made in the following summary, which is
intended to highlight and introduce some aspects of the various exemplary
embodiments, but such simplifications are not intended to limit the scope of
the inventions. Detailed descriptions of a preferred exemplary embodiment
adequate to allow those of ordinary skill in the art to make and use the
inventive concepts will follow in later sections

Various embodiments provide a method and apparatus for providing a
silent speech solution which allows the user to speak over an electronic media
such as a cell phone without making any noise. In particular, measuring the
shape of the vocal tract allows creation of synthesized speech without
requiring noise produced by the vocal chords.

In a first embodiment, an apparatus is provided for providing silent
speech. The apparatus includes a data storage and a processor
communicatively connected to the data storage. The processor is

programmed to: output an output signal; receive an impulse response
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associated with the output signal; determine a vocal tract impedance profile
based on the impulse response; create a speech signal based on the vocal
tract impedance profile; and output the speech signal.

In a second embodiment, a system is provided for providing silent
speech. The system includes: a silent speech controller; a pulse output
communicatively connected to the silent speech controller; a response input
communicatively connected to the silent speech controller; and a target
device communicatively connected to the silent speech controller. Where the
silent speech controller is configured to: output an output signal to the pulse
output; receive an impulse response associated with the output signal from
the response input; determine a vocal tract impedance profile based on the
impulse response; create a speech signal based on the vocal tract impedance
profile; and output the speech signal to the target device. Where the target
device is configured to: output an audio signal based on the speech signal.

In a third embodiment, a method is provided for providing silent
speech. The method includes: outputting an output signal; receiving an
impulse response associated with the output signal; determining a vocal tract
impedance profile based on the impulse response; creating a speech signal
based on the vocal tract impedance profile; and outputting the speech signal.

In some of the above embodiments, the apparatus further includes an
I/O interface. The 1/O interface is configured to: output the output signal;
receive the impulse response; and output the speech signal.

In some of the above embodiments, the apparatus further includes a
pulse output a response input and an I/O interface. The pulse output being
configured to output the output signal. The response input being configured to
receive the impulse response. The 1/O interface being configured to output the
speech signal.

In some of the above embodiments, the output signal is one or more
acoustic pulses.

In some of the above embodiments, the output signal is between 16 —
24 kHz.
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In some of the above embodiments, the creation of the speech signal
includes programming the processor to compare the vocal tract impedance
profile with one or more vocal tract impedance profile templates.

In some of the above embodiments, the creation of the speech signal
includes programming the processor to: configure the speech signal in a
format suitable for a target device. In some of these embodiments, the format
is a packetized audio format.

In some of the above embodiments, the speech signal includes an
audio signal configured for a headphone and a packetized audio signal
configured for wireless transmission to a target device.

In some of the above embodiments, the determination of the vocal tract
impedance profile includes programming the processor to: convert the
reflected impulse response to the speech signal based on layer peeling.

In some of the above embodiments, determining the vocal tract
impedance profile includes: converting the reflected impulse response to the
speech signal based on layer peeling.

In a fourth embodiment, a computer-readable storage medium is
provided for storing instructions which, when executed by a computer, cause
the computer to perform a method. The method includes: outputting an output
signal; receiving an impulse response associated with the output signal;
determining a vocal tract impedance profile based on the impulse response;
creating a speech signal based on the vocal tract impedance profile; and

outputting the speech signal.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments are illustrated in the accompanying drawings, in

which:
FIG. 1 illustrates an embodiment of a silent speech system 100 for

providing silent speech for exemplary user 190;
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FIG. 2 depicts a flow chart illustrating an embodiment of a method 200
for a silent speech controller (e.g., silent speech controller 130 of FIG. 1) to
provide silent speech;

FIG. 3 illustrates an embodiment for determining a vocal tract
impedance profile using layer peeling; and

FIG. 4 schematically illustrates an embodiment of silent speech
controller 130 of FIG. 1.

To facilitate understanding, identical reference numerals have been
used to designate elements having substantially the same or similar structure

or substantially the same or similar function.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

The description and drawings merely illustrate the principles of the
invention. It will thus be appreciated that those skilled in the art will be able to
devise various arrangements that, although not explicitly described or shown
herein, embody the principles of the invention and are included within its
scope. Furthermore, all examples recited herein are principally intended
expressly to be only for pedagogical purposes to aid the reader in
understanding the principles of the invention and the concepts contributed by
the inventor(s) to furthering the art, and are to be construed as being without
limitation to such specifically recited examples and conditions. Moreover, the
various embodiments described herein are not necessarily mutually exclusive,
as some embodiments may be combined with one or more other
embodiments to form new embodiments.

As used herein, the term, "or" refers to a non-exclusive or, unless
otherwise indicated (e.g., “or else” or “or in the alternative”). Furthermore, as
used herein, words used to describe a relationship between elements should
be broadly construed to include a direct relationship or the presence of
intervening elements unless otherwise indicated. For example, when an
element is referred to as being “connected” or “coupled” to another element,

the element may be directly connected or coupled to the other element or
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intervening elements may be present. In contrast, when an element is referred
to as being “directly connected” or “directly coupled” to another element, there
are no intervening elements present. Similarly, words such as “between”,
“adjacent”, and the like should be interpreted in a like fashion.

Various embodiments provide a method and apparatus for providing a
silent speech solution which allows the user to speak over an electronic media
such as a cell phone without making any noise. In particular, measuring the
shape of the vocal tract allows creation of synthesized speech without
requiring noise produced by the vocal chords. , the delay may be reduced
allowing for the ability to converse using silent speech.

Advantageously, by utilizing vocal tract measurements to create a
model for the vocal tract which is used to synthesized speech, there may be a
reduced delay as compared to proposed systems which use pattern
recognition. Reduced delays allow for feedback which may have significant
benefits to the accuracy of the articulation and the fluency of the speech
conversation as well as being useful as feedback to help improve the
speaker’s articulation and to reduce interrupts to the flow of a conversation.
Furthermore, as compared to pattern matching systems, utilizing vocal tract
measurements may require no training or reduced training / retraining during
initiation and when using higher frequency sounding impulses.

FIG. 1 illustrates an embodiment of a silent speech system 100 for
providing silent speech between exemplary user 190 and an optional target
device 150. The silent speech system 100 includes a signal output 110, a
response input 120, a silent speech controller 130, and optionally a
synthesized output 140.

The signal output 110 includes any suitable device that outputs a
suitable signal that is capable of being correlated in the response input 120 to
calculate the impulse response. A suitable signal may include, for example,
one or more sound pulses or an identified sound sequence.

The response input 120 includes any suitable device capable of
receiving the reflected impulse response of at least a portion of the signal
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outputted by signal output 110. In particular, when user 190 positions signal
output 110 as illustrated, response input 120 receives the reflective impulse
response of user 190’s vocal tract. It should be appreciated that each change
in shape of user 190’s vocal tract represents a change in the acoustic
impedance of the vocal tract which appears as a change in the reflected
impulse response received by response input 120.

The speech controller 130 includes any suitable device that is capable
of converting the received reflective impulse response into synthesized
speech.

The synthesized output 140 includes any suitable device that is
capable of converting the synthesized speech into an audio signal. In some
embodiments, the synthesized output 140 is a speaker. In some of these
embodiments, the speaker is an earphone.

Target device 150 may include any type of communication device(s)
capable of sending or receiving information over link 155. For example, a
communication device may be a thin client, a smart phone (e.g., target device
150), a personal or laptop computer, server, network device, tablet, television
set-top box, conferencing system, media player or the like. Communication
devices may rely on other resources within the exemplary system to perform a
portion of tasks, such as processing or storage, or may be capable of
independently performing tasks. It should be appreciated that while one target
device is illustrated here, system 100 may include more clients. Moreover, the
number of clients at any one time may be dynamic as clients may be added or
subtracted from the system at various times during operation.

Optional link 155 supports communicating over one or more
communication channels such as: wireless communications (e.g., LTE, GSM,
CDMA, Bluetooth); WLAN communications (e.g., WiFi); packet network
communications (e.g., IP); broadband communications (e.g., DOCSIS and
DSL); and the like. It should be appreciated that though depicted as a single
connection, communication channel 155 may be any number or combinations

of communication channels.
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In some embodiments, signal output 110 is an acoustic pulse
reflectometer. In some of these embodiments, the acoustic pulse
reflectometer is an acoustic time domain reflectometer.

In some embodiments, signal output 110 is a time domain
reflectometer.

In some embodiments, response input 120 is a microphone which
measures the output signal as the sound passes over the microphone’s
diaphragm.

In some embodiments, synthesized output 140 includes a speaker to
provide feedback to user 190. Advantageously, by providing feedback to user
190, user 190 will hear the synthesized sound being created by the shape of
their vocal tract and user 190 may adjust their vocal tract closer to the proper
shape in response.

In some embodiments, synthesized output 140 includes a speaker to
provide audio to a second user. In some of these embodiments, the speaker
is in a telephony device being operated by the second user.

In some embodiments, signal output 110, response input 120 or
synthesized output 140 are in the same apparatus as silent speech controller
130.

In some embodiments, silent speech controller 130 includes suitable
I/O interfaces for interfacing with signal output 110, response input 120,
synthesized output 140, or link 155.

It should be appreciated that though depicted as single connections,
connections between silent speech controller and signal output 110, response
input 120, synthesized output 140, or target device 150 may include any
suitable type and number of connections.

In some embodiments, silent speech controller 130 is within a
communication device such as a smart phone. In some of these
embodiments, signal output 110, response input 120 or synthesized output
140 are also within the same communication device.

In some embodiments, silent speech controller 130 is within a
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recording device such as a voice recorder. In some of these embodiments,
silent speech controller 130 does not include an I/O interface to link 155.

FIG. 2 depicts a flow chart illustrating an embodiment of a method 200
for a silent speech controller (e.g., silent speech controller 130 of FIG. 1) to
provide silent speech. The method includes: outputting an output signal (step
220); receiving the reflected impulse response associated with the output
signal (step 230); determining a vocal tract impedance profile from the
received reflected impulse response (step 240); creating a speech signal
based on the determined vocal tract impedance profile (step 250); and
outputting the speech signal (step 260).

In the method 200, the step 220 includes outputting an output signal to
a signal output device such as signal output 110 of FIG. 1. In some
embodiments, the output signal represents an acoustic pulse.

In the method 200, the step 230 includes receiving the reflected
impulse response associated with the output signal from a response input
(e.g., response input 120 of FIG. 1).

In the method 200, the step 240 includes determining a vocal tract
impedance profile from the received reflected impulse response. In particular,
the reflected impulse response is converted into the impedance changes of
the vocal tract by layer peeling. Each impedance change in the vocal tract is
peeled out of the reflected impulse response yielding the impedance profile of
the vocal tract.

It should be appreciated that the reflected impulse response contains
associated reflections in the output signal caused by characteristics of the
user’s vocal tract. For example, when the output signal (e.g., an output pulse)
encounters a discontinuity in the vocal tract’s cross section, a reflection is
created. The amplitude and form of the reflection is determined by the
characteristics of the discontinuity: a constriction may create a positive
reflection, whereas a dilation (increase in cross section) may create a
negative reflection. Neither of these discontinuities will change the shape of
the pulse in their vicinity, but the reflection measured by the response input
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(e.g., response input 120) will be an attenuated and smeared replica of the
impinging pulse, due to propagation losses.

In the method 200, the step 250 includes creating a speech signal
based on the determined vocal tract impedance profile. In particular, the
frequency response of the vocal tract is determined based on the impedance
profile and the speech signal (e.g., speech sound or synthesized speech) is
based on the determined frequency response.

In the method 200, the step 260 includes outputting the speech signal
(e.g., to synthesized output 140 or target device 150 of FIG. 1).

In some embodiments of the step 210 or 220, the output signal is a
range within the ultrasonic band just above the hearing threshold. In some of
these embodiments, the range is 16 — 24 kHz. In some of these
embodiments, the range is 20 — 28 kHz.

In some embodiments of the step 210 or 220, the output signal is an
acoustic pulse.

In some embodiments of the step 250, the creation of the speech
signal includes creating the speech signal in a format suitable for a target
device (e.g., target device 150 of FIG. 1). A suitable format may include any
suitable format such as: analog audio, packetized audio such as VolP, CDMA
or the like.

In some embodiments of step 250, the speech signal is determined
based on a comparison of the determined vocal tract impedance profile with
stored vocal tract impedance profile templates that represent speech sounds.

In some embodiments of the steps 240 or 250, layer peeling for an
impulse input is accomplished by modeling the vocal tract as a Kelly
Lochbaum ladder such as illustrated in FIG. 3. In the illustrated ladder, the
length of each vocal tract section is based on the delay or sampling rate and
the speed of sound. In the ladder, each stage k1 — k5 represents one section
of the vocal tract and the reflection coefficient k, is related to the area of the
vocal tract before and after each respective section (n-1) and n. The reflection

coefficients, ki — ks, may be determined using layer peeling as shown in
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equations [Eq. 1] — [EqQ. 5] below (e.g., reflection coefficients kn are derived
from successive values of R, and in,). Where output signal 310 is an impulse
in, and reflection values Ry — R4 represent impulse response 320 as given in
equations [Eq. 6] — [EQ. 9]. It should be appreciated that while five stages are
illustrated here, system 300 may include more or less stages. It should be
further appreciated that equations [EQ. 1] — [EQ. 9] are just one exemplary
mathematical formulation of the transformation of a vocal tract and any
suitable formulation may be used.

[EQ.1] in, =1 for n = 1; else in, =0

[Eq. 2] ki = (R1) / (iny)

[Eq. 3] ko = (Rz - ki *inz) / ( (1-k:®) *iny)
[EQ. 4] ka = (Rs = (1-k¢®) * ko * (-ki) *inq) / ( (1-ks®) * (1-k2%))

(

AA

[EQ. 5] ka = (Ra — (1-k¢®) * (1-ko®) * ka® * (-ko) *iny - (1-k¢®) * ko * ke* *
(-k2) (- k)" (1K) (1 - ks®) *img)
[Eq. 6] R1 =Ky *iny
[EqQ. 7] Re = ki *inz + ko * (1 — k¢®) *iny
[EQ. 8] Rs =kt “ins + ko * (1 —k¢®) *ina + (1-k¢®) * ko® * (-kq) *iny +
(1-k¢?) * (1-k2®) * ks* inq
[EQ. 9] Ra =kt *ing + ko * (1 —k¢®) inz + (1-ks®) * ko® * (-ky) *ins+
(1-k¢®) * (1-k2?) * ks * ina + (1-k¢®) * (1-k2%) * ka® * (-ko) * ing +
(1-k¢?) * ko® * ke? * (-k2) * ing + (1-k¢?) * (1-k2?) * (1-ks®) *
ks *ing + 2 * (1-k¢®) * ko * (-k¢?) * (1-k22) * ks * iny
From the determination of the reflection coefficients, ki — ks, impedance
changes between the slices of the vocal tract and the frequency response of
the vocal tract may be determined. Impedance changes are related to the
area changes between slices of the vocal tract. The determined impedance
changes and frequency responses are used to create the speech signal (e.g.,
the synthesized speech).
Although primarily depicted and described in a particular sequence, it
should be appreciated that the steps shown in method 200 may be performed

in any suitable sequence. Moreover, the steps identified by one step may also
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be performed in one or more other steps in the sequence or common actions
of more than one step may be performed only once.

It should be appreciated that steps of various above-described
methods can be performed by programmed computers. Herein, some
embodiments are also intended to cover program storage devices, e.g., data
storage media, which are machine or computer readable and encode
machine-executable or computer-executable programs of instructions,
wherein said instructions perform some or all of the steps of said above-
described methods. The program storage devices may be, e.g., digital
memories, magnetic storage media such as a magnetic disks and magnetic
tapes, hard drives, or optically readable data storage media. The
embodiments are also intended to cover computers programmed to perform
said steps of the above-described methods.

FIG. 4 schematically illustrates an embodiment of silent speech
controller 130 of FIG. 1. The apparatus 400 includes a processor 410, a data
storage 411, and optionally an 1/O interface 430.

The processor 410 controls the operation of the apparatus 300. The
processor 410 cooperates with the data storage 411.

The data storage 411 stores programs 420 executable by the
processor 410. Data storage 411 may also optionally store program data such
as trained impedance profiles, or the like as appropriate.

The processor-executable programs 420 may include an I/O interface
program 421, a vocal track impedance profile (VTIP) program 423, or a
speech synthesis program 425. Processor 410 cooperates with processor-
executable programs 420.

The 1/O interface 430 cooperates with processor 410 and 1/O interface
program 421 to support communications between the apparatus and a pulse
output, response input, synthesized output, or target device (e.g., over link
155 or between signal output 110, response input 120, synthesized output
140, or target device 150 of FIG. 1). In particular, the 1/O interface program
421 performs the steps of step 220, 230, or 260 of FIG. 2 as described above.



WO 2014/158451 PCT/US2014/016846

10

15

20

25

30

12

The VTIP program 423 performs the steps of step 240 of FIG. 2 as
described above.

The speech synthesis program 425 performs steps or step 250 of FIG.
2 as described above.

In some embodiments, the processor 410 may include resources such
as processors / CPU cores, the I/O interface 430 may include any suitable
network interfaces, or the data storage 411 may include memory or storage
devices. Moreover the apparatus 400 may be any suitable physical hardware
configuration such as: one or more server(s), blades consisting of
components such as processor, memory, network interfaces or storage
devices. In some of these embodiments, the apparatus 400 may include cloud
network resources that are remote from each other.

In some embodiments, the apparatus 400 may be virtual machine. In
some of these embodiments, the virtual machine may include components
from different machines or be geographically dispersed. For example, the
data storage 411 and the processor 410 may be in two different physical
machines.

In some embodiments, the apparatus 400 may be a smart phone.

When processor-executable programs 420 are implemented on a
processor 410, the program code segments combine with the processor to
provide a unique device that operates analogously to specific logic circuits.

Although depicted and described herein with respect to embodiments
in which, for example, programs and logic are stored within the data storage
and the memory is communicatively connected to the processor, it should be
appreciated that such information may be stored in any other suitable manner
(e.g., using any suitable number of memories, storages or databases); using
any suitable arrangement of memories, storages or databases
communicatively connected to any suitable arrangement of devices; storing
information in any suitable combination of memory(s), storage(s) or internal or
external database(s); or using any suitable number of accessible external
memories, storages or databases. As such, the term data storage referred to
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herein is meant to encompass all suitable combinations of memory(s),
storage(s), and database(s).

The description and drawings merely illustrate the principles of the
invention. It will thus be appreciated that those skilled in the art will be able to
devise various arrangements that, although not explicitly described or shown
herein, embody the principles of the invention and are included within its spirit
and scope. Furthermore, all examples recited herein are principally intended
expressly to be only for pedagogical purposes to aid the reader in
understanding the principles of the invention and the concepts contributed by
the inventor(s) to furthering the art, and are to be construed as being without
limitation to such specifically recited examples and conditions. Moreover, all
statements herein reciting principles, aspects, and embodiments of the
invention, as well as specific examples thereof, are intended to encompass
equivalents thereof.

The functions of the various elements shown in the FIGs., including
any functional blocks labeled as “processors”, may be provided through the
use of dedicated hardware as well as hardware capable of executing software
in association with appropriate software. When provided by a processor, the
functions may be provided by a single dedicated processor, by a single
shared processor, or by a plurality of individual processors, some of which
may be shared. Moreover, explicit use of the term “processor” or “controller”
should not be construed to refer exclusively to hardware capable of executing
software, and may implicitly include, without limitation, digital signal processor
(DSP) hardware, network processor, application specific integrated circuit
(ASIC), field programmable gate array (FPGA), read only memory (ROM) for
storing software, random access memory (RAM), and non volatile storage.
Other hardware, conventional or custom, may also be included. Similarly, any
switches shown in the FIGS. are conceptual only. Their function may be
carried out through the operation of program logic, through dedicated logic,

through the interaction of program control and dedicated logic, or even
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manually, the particular technique being selectable by the implementer as
more specifically understood from the context.

It should be appreciated that any block diagrams herein represent
conceptual views of illustrative circuitry embodying the principles of the

5 invention. Similarly, it should be appreciated that any flow charts, flow

diagrams, state transition diagrams, pseudo code, and the like represent
various processes which may be substantially represented in computer
readable medium and so executed by a computer or processor, whether or

not such computer or processor is explicitly shown.
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What is claimed is:
1. An apparatus for providing silent speech, the apparatus comprising:
a data storage; and
a processor communicatively connected to the data storage, the
processor being configured to:
output an output signal;
receive an impulse response associated with the output signal;
determine a vocal tract impedance profile based on the impulse
response;
create a speech signal based on the vocal tract impedance
profile; and

output the speech signal.

2. The apparatus of claim 1, wherein the apparatus further comprises:
an 1/O interface, the |/O interface configured to:
output the output signal;
receive the impulse response; and
output the speech signal;
a pulse output, the pulse output configured to:
output the output signal;
a response input, the response input configured to:
receive the impulse response; and
an 1/O interface, the |/O interface configured to:

output the speech signal.

3. The apparatus of claim 1, wherein the output signal is one or more

acoustic pulses.

4. The apparatus of claim 1, wherein the creation of the speech signal
comprises configuring the processor to:
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compare the vocal tract impedance profile with one or more

vocal tract impedance profile templates.

5. The apparatus of claim 1, wherein the creation of the speech signal
comprises configuring the processor to:
configure the speech signal in a format suitable for a target
device;
wherein the format is a packetized audio format.

6. The apparatus of claim 1, wherein the determination of the vocal
tract impedance profile comprises configuring the processor to:
convert the reflected impulse response to the speech signal

based on layer peeling.

7. A system for providing silent speech, the system comprising:
a silent speech controller;
a pulse output communicatively connected to the silent speech
controller;
a response input communicatively connected to the silent speech
controller; and
a target device communicatively connected to the silent speech
controller;
wherein the silent speech controller is configured to:
output an output signal to the pulse output;
receive an impulse response associated with the output signal
from the response input;
determine a vocal tract impedance profile based on the impulse
response;
create a speech signal based on the vocal tract impedance
profile; and
output the speech signal to the target device; and
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the target device is configured to:

output an audio signal based on the speech signal.

8. A method for providing silent speech, the method comprising:
at a processor communicatively connected to a data storage,
5 outputting an output signal;
receiving, by the processor in cooperation with the data storage,
an impulse response associated with the output signal;
determining, by the processor in cooperation with the data
storage, a vocal tract impedance profile based on the impulse response;
10 creating, by the processor in cooperation with the data storage,
a speech signal based on the vocal tract impedance profile; and
outputting, by the processor in cooperation with the data
storage, the speech signal.

9. The method of claim 8, wherein the step of creating the speech
15  signal comprises:
comparing, by the processor in cooperation with the data
storage, the vocal tract impedance profile with one or more vocal tract
impedance profile templates.

10. The method of claim 8, wherein the step of determining the vocal
20 tract impedance profile comprises:
converting, by the processor in cooperation with the data
storage, the reflected impulse response to the speech signal based on layer
peeling.



PCT/US2014/016846

WO 2014/158451

4
~

b TOId
00l
asuodsay 0¢l
osindw| — ndu|
asuodsay
0Gl act
9oIne(g ._o__wwwoo 0v1
Jobie| w yosadsg - nowﬂww“ﬂoiw
e Ja|is <) |
U wu
0Ll ) /u
indino |
leubig
061
198 p—




WO 2014/158451

2/4

( Start }~ 205

\ A

Output Signal ~~ 220
\ 4
Receive Impulse
Response — 230
Determine Vocal Tract 940
Impedance Profile
\ 4
Create Speech Signal |~ 250
\ 4
Output Speech Signal -~ 260
End 295

FIG. 2

PCT/US2014/016846

200



PCT/US2014/016846

WO 2014/158451

3/4

& OId

+1

+

+| d

+|

> (Hall——

0cs
b asuodsay
as|ndwi

+| DA|¢‘

)

G

)

X

)

e

A

w 0l¢
LY leubis
Jndino

00g



WO 2014/158451 PCT/US2014/016846

4/4
400
[——————————— A
I |/0 Interface I\
| Program |\ Processor <:>
| 421 L\ 410
I — I
\
: VTIP : \
| Program | [™M  Data
| 423 | [l Storage
| — L
: Speech Synthesis : T —
Program I
| I
: 425 : / |/0 Interface
| T s =
I |
I |
I |
I |1
I |
I |/
I |
I |/
I |/
| 420 I
L

FIG. 4



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/016846

A. CLASSIFICATION OF SUBJECT MATTER

INV. GlOL13/02 G1OL15/24
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

GloL

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

AL) 31 May 2012 (2012-05-31)
abstract

paragraph [0006]
paragraph [0017]
paragraph [0023]
paragraph [0037]
paragraph [0050]
figures 1, 2, 3B

11 April 1989 (1989-04-11)
abstract

column 2

columns 4-6; figure 5

X US 2012/136660 Al (HARMAN DALE D [US] ET

paragraph [0010]
paragraph [0019]
paragraph [0033]
paragraph [0039]

X US 4 821 326 A (MACLEOD NORMAN [US])

1-10

1-5,7-9

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

4 July 2014

Date of mailing of the international search report

10/07/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Hofe, Robin

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/016846

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

EPPS J ET AL: "A novel instrument to
measure acoustic resonances of the vocal
tract during phonation",

MEASUREMENT SCIENCE AND TECHNOLOGY, IOP,
BRISTOL, GB,

vol. 8, no. 10,

1 October 1997 (1997-10-01), pages
1112-1121, XP020064337,

ISSN: 0957-0233, DOI:
10.1088/0957-0233/8/10/012

the whole document

1-10

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2014/016846
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2012136660 Al 31-05-2012 W 201243824 A 01-11-2012
US 2012136660 Al 31-05-2012
WO 2012074652 Al 07-06-2012
US 4821326 A 11-04-1989  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - wo-search-report
	Page 24 - wo-search-report
	Page 25 - wo-search-report

