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Description
Title of Invention: SPEECH RECOGNITION METHOD AND

APPARATUS BASED ON SPEAKER RECOGNITION
Technical Field

The present disclosure relates to a speech recognition method and apparatus. More
particularly, the present disclosure relates to a method and apparatus for recognizing
speech based on speaker recognition, and outputting a result of the speech recognition

when the speech is recognized in a speech recognition system.

Background Art

Recently, since electronic devices such as smartphones that perform various
functions have been developed, electronic devices having a speech recognition
function embedded therein to improve manipulability have been released. The speech
recognition function is advantageous in recognizing speech of a user without separate
manipulation of a button or contact via a touch module, thereby allowing the user to
easily control a device.

Due to the speech recognition function, the user may execute a call function or write
a text message without inputting separate buttons of a portable terminal such as a
smartphone, and may easily set various functions such as navigation, internet search,
alarm setting, or the like.

The above information is presented as background information only, and to assist
with an understanding of the present disclosure. No determination has been made, and
no assertion is made, as to whether any of the above might be applicable as prior art

with regard to the present disclosure.
Disclosure of Invention

Solution to Problem

Aspects of the present disclosure are provided to address at least the above-
mentioned problems and/or disadvantages, and to provide at least the advantages
described below.
Advantageous Effects of Invention

In the speech recognition system according to one or more embodiments, only a
result of speech recognition with respect to utterance of a registered speaker is output
via speaker verification, so that personalization of speech recognition is possible in a
personalized apparatus such as a smartphone. In addition, in the speech recognition
system according to one or more embodiments, the number of times that a user unnec-
essarily activates a session is decreased, so that user convenience in using the speech

recognition system may be increased. In addition, in the speech recognition system
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according to one or more embodiments, personalized speech recognition may be
possible for a user who considers personal information protection as important.
Brief Description of Drawings

FIG. 1 is a flowchart of a general speech recognition method according to an em-
bodiment of the present disclosure;

FIGS. 2A, 2B, 2C, and 2D illustrate a speech recognition system according to
various embodiments of the present disclosure;

FIGS. 3A and 3B are block diagrams of a speech recognition apparatus according to
various embodiments of the present disclosure;

FIG. 4 is a flowchart of a speech recognition method according to an embodiment of
the present disclosure;

FIG. 5 is a flowchart of a speech recognition method according to another em-
bodiment of the present disclosure;

FIG. 6 is a block diagram of a processor according to an embodiment of the present
disclosure;

FIG. 7 is a flowchart of a speech recognition method according to another em-
bodiment of the present disclosure;

FIG. 8 is a diagram for describing a method of performing speech recognition and
generating speaker information performed by a speech recognition apparatus according
to an embodiment of the present disclosure;

FIG. 9 is a diagram for describing a method of performing normalization by using in-
formation of an adjacent frame for speaker recognition in real-time performed by a
speech recognition apparatus according to an embodiment of the present disclosure;

FIG. 10 is a diagram for describing a method of managing maintenance of a session
and updating registered speaker information based on a result of speaker recognition
performed by a speech recognition apparatus according to an embodiment of the
present disclosure;

FIGS. 11A, 11B, and 11C illustrate an example in which a speech recognition
apparatus outputs a result of speech recognition according to various embodiments of
the present disclosure;

FIGS. 12A and 12B illustrate another example in which a speech recognition
apparatus outputs a result of speech recognition according to various embodiments of
the present disclosure;

FIGS. 13A, 13B, and 13C illustrate another example in which a speech recognition
apparatus outputs a result of speech recognition according to various embodiments of
the present disclosure;

FIGS. 14A, 14B, and 14C illustrate another example in which a speech recognition
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apparatus outputs a result of speech recognition according to various embodiments of

the present disclosure;
FIG. 15 is a flowchart of operations in a speech recognition system according to an

embodiment of the present disclosure;

FIG. 16 is a flowchart of operations in a speech recognition system according to an
embodiment of the present disclosure; and

FIGS. 17A and 17B illustrate examples in which a speech recognition system outputs
a result of speech recognition according to various embodiments of the present

disclosure.

Best Mode for Carrying out the Invention

Accordingly, an aspect of the present disclosure is to provide a speech recognition
method and apparatus that determine whether to maintain a session, based on speaker
recognition, thereby allowing sequential speech recognitions without an operation of
separately activating the session upon utterance of a registered speaker.

Another aspect of the present disclosure is to provide a speech recognition method
and apparatus that output a result of performing speech recognition only on utterance
of a registered speaker, based on speaker recognition, thereby providing a personalized
speech recognition service to a user of the speech recognition apparatus.

In accordance with another aspect of the present disclosure, a method of speech
recognition is provided. The method includes activating a session for receiving an
input of an audio signal, performing speech recognition on a speech signal detected
from the input audio signal while the session is maintained, determining whether a
speaker of the speech signal is a registered speaker based on speaker information
generated from the speech signal, determining whether to maintain the session based
on a result of the determination of whether the speaker of the speech signal is a
registered speaker, and outputting a result of the speech recognition.

In accordance with another aspect of the present disclosure, an apparatus for speech
recognition is provided. The apparatus includes a receiver configured to receive an
input audio signal while a session for receiving an input of one or more audio signals is
maintained, a processor configured to detect a speech signal from the input audio
signal, perform speech recognition on the speech signal, determine whether a speaker
of the speech signal is a registered speaker based on speaker information generated
from the speech signal, and determine whether to maintain the session based on a
result of the determination of whether the speaker of the speech signal is a registered
speaker, and an output unit configured to output a result of the speech recognition.

In accordance with another aspect of the present disclosure, a server for speech

recognition is provided. The server includes a receiver configured to receive an input
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audio signal from a speech recognition apparatus, the input audio signal being received
by the receiver while a session for receiving an input of one or more audio signals is
maintained, a processor configured to detect a speech signal from the input audio
signal, perform speech recognition on the speech signal, determine whether a speaker
of the speech signal is a registered speaker based on speaker information generated
from the speech signal, and determine whether to maintain the session of the speech
recognition apparatus based on a result of the determination of whether the speaker of
the speech signal is a registered speaker, and an output unit configured to transmit, to
the speech recognition apparatus, a session management signal for determining
whether to maintain the session and a result of the speech recognition.

In accordance with another aspect of the present disclosure, a non-transitory,
computer-readable recording medium is provided having recorded thereon at least one
program including instructions that, when executed by at least one processor, configure
the at least one processor to execute a speech recognition method. The speech
recognition method includes activating a session for receiving an input of an audio
signal, performing speech recognition on a speech signal detected from the input audio
signal while the session is maintained, determining whether a speaker of the speech
signal is a registered speaker based on speaker information generated from the speech
signal, determining whether to maintain the session based on a result of the deter-
mination of whether the speaker of the speech signal is a registered speaker, and
outputting a result of the speech recognition.

In accordance with another aspect of the present disclosure, a system for speech
recognition is provided. The system includes a plurality of speech recognition ap-
paratuses and a speech recognition server for controlling the plurality of speech
recognition apparatuses, wherein a first speech recognition apparatus from among the
plurality of speech recognition apparatuses is configured to receive an input audio
signal while a session for receiving an input of one or more audio signals is
maintained, and transmit the input audio signal to the speech recognition server, and
wherein the speech recognition server is configured to detect a speech signal from the
input audio signal, perform speech recognition on the speech signal, and determine
whether a speaker of the speech signal is a registered speaker, based on speaker in-
formation generated from the speech signal, and control, when the speaker of the
speech signal is the registered speaker, the plurality of speech recognition apparatuses
to maintain sessions of the plurality of speech recognition apparatuses during a preset
period.

In accordance with another aspect of the present disclosure, a method of speech
recognition is provided. The method includes activating a session for receiving an

input of an audio signal, performing speech recognition on a plurality of speech signals
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detected from the input audio signal while the session is maintained, determining
whether at least one speaker of the plurality of speech signals is a registered speaker
based on speaker information generated from the plurality of speech signals, de-
termining whether to maintain the session based on a result of the determination of
whether the at least one speaker is a registered speaker, and outputting a result of the

speech recognition.
In accordance with another aspect of the present disclosure, an apparatus for speech

recognition is provided. The apparatus includes a receiver to receive an input audio
signal while a session for receiving an input of one or more audio signals is
maintained, a processor to perform speech recognition on a plurality of speech signals
detected from the input audio signal while the session is maintained, determine
whether at least one speaker of the plurality of speech signals is a registered speaker
based on speaker information generated from the plurality of speech signals, and
determine whether to maintain the session based on a result of the determination of
whether the at least one speaker is a registered speaker, and an output unit configured
to output a result of the speech recognition.

Other aspects, advantages, and salient features of the disclosure will become apparent
to those skilled in the art from the following detailed description, which, taken in con-
junction with the annexed drawings, discloses various embodiments of the present
disclosure.

Mode for the Invention

The following description with reference to the accompanying drawings is provided
to assist in a comprehensive understanding of various embodiments of the present
disclosure as defined by the claims and their equivalents. It includes various specific
details to assist in that understanding, but these are to be regarded as merely
exemplary. Accordingly, those of ordinary skill in the art will recognize that various
changes and modifications of the various embodiments described herein can be made
without departing from the scope and spirit of the present disclosure. In addition, de-
scriptions of well-known functions and constructions may be omitted for clarity and
conciseness.

The terms and words used in the following description and claims are not limited to
the bibliographical meanings, but are merely used to enable a clear and consistent un-
derstanding of the present disclosure. Accordingly, it should be apparent to those
skilled in the art that the following description of various embodiments of the present
disclosure is provided for illustration purpose only, and not for the purpose of limiting
the present disclosure as defined by the appended claims and their equivalents.

9 <o

It is to be understood that the singular forms “a,” “an,” and “the” include plural
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referents unless the context clearly dictates otherwise. Thus, for example, reference to
“a component surface” includes reference to one or more of such surfaces.

Throughout the specification, it will also be understood that when an element is
referred to as being "connected to" or "coupled with" another element, it can be
directly connected to or coupled with the other element, or it can be electrically
connected to or coupled with the other element by having an intervening element in-
terposed therebetween. Also, when a part "includes"” or "comprises” an element, unless
there is a particular description contrary thereto, the part can further include other
elements, not excluding the other elements.

Throughout the specification, expressions such as "in some embodiments", "in an
embodiment", or the like, do not necessarily indicate a same embodiment.

Some embodiments may be described in terms of functional block components and
various processing operations. Some or all of the functional blocks may be realized by
any number of hardware and/or software components configured to perform the
specified functions. For example, functional blocks of the present disclosure may be
realized by one or more microprocessors, or circuit components for a predetermined
function. In addition, for example, the functional blocks of the present disclosure may
be implemented using any programming or scripting language. The functional blocks
may also be implemented using algorithms that execute on one or more processors.
Furthermore, the present disclosure could employ any number of techniques for
electronics configuration, signal processing and/or control, data processing and the
like, according to the related art. The terms such as "module” and "configuration" may
be used broadly and are not limited to mechanical and/or physical embodiments.

Furthermore, connecting lines or connectors between elements shown in drawings
are intended to represent functional relationships and/or physical or logical couplings
between the elements. It should be noted that many alternative or additional functional
relationships, physical connections or logical connections may be present in a practical
device.

As used herein, the term "and/or" includes any and all combinations of one or more
of the associated listed items. Expressions such as "at least one of," when preceding a
list of elements, modify the entire list of elements and do not modify the individual
elements of the list.

Hereinafter, the present disclosure will now be described more fully with reference to
the accompanying drawings.

FIG. 1 is a flowchart of a general speech recognition method according to an em-
bodiment of the present disclosure.

Referring to FIG. 1, in operation S110, a general speech recognition system may

activate a session for receiving an input of an audio signal. The speech recognition



WO 2018/043991 PCT/KR2017/009251

[45]

[46]

[47]

[48]

[49]

system may activate the session based on a user input (e.g., an input of pressing, by a
user, a physical start button, or an input of uttering a preset activation keyword).

In operation S120, the general speech recognition system may detect a speech signal
from the input audio signal while the session is activated. In operation S130, the
general speech recognition system may perform speech recognition on the detected
speech signal. When the session is activated and then the speech signal is detected
from the input audio signal, the general speech recognition system may output a result
of the speech recognition in operation S140, regardless of a speaker who uttered the
speech, and may end the session in operation S150.

The general speech recognition system ends the session by extracting, by using a
speech detection algorithm, a point of time when the speech ends so that the general
speech recognition system may end a session after each utterance. A reason why the
general speech recognition system ends a session after each utterance is to perform
speech recognition only on utterance for the speech recognition. If the general speech
recognition system does not end the session even after the utterance is ended, the
speech recognition may be performed on utterance not for the speech recognition or on
noise.

A user of the general speech recognition system has to perform an operation of ac-
tivating a session so as to allow speech recognition to be performed on another
utterance after the speech recognition is performed on the utterance. The user has to
utter speech after the session is activated. When the session is activated again, the
general speech recognition system may repeatedly perform operations S120 through
S150 of FIG. 1.

Thus, in order for the general speech recognition system to perform the speech
recognition only on utterance that is a speech recognition target, the general speech
recognition system has to activate a session before the utterance that is the speech
recognition target is started, and end the session when the utterance that is the speech
recognition target is ended. Therefore, in order to allow the general speech recognition
system to sequentially perform the speech recognition, the user has the inconvenience
of performing an operation of activating a session before every utterance. In addition,
because the general speech recognition system outputs a speech recognition result re-
gardless of a speaker, the general speech recognition system cannot perform per-
sonalized speech recognition. Thus, the general speech recognition system has a
problem in that, when a particular speaker utters or after the particular speaker utters, a
result of speech recognition that is also performed on content of utterance of another
speaker is output.

As described above, a general speech recognition system cannot sequentially perform

speech recognition if the user does not perform an operation of activating a session for
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every utterance. Thus, the user has the inconvenience of performing the operation of
activating a session for every utterance. In addition, a general speech recognition
system may result in an error in a process of recognizing a session activation operation
performed by the user. In the case where a general speech recognition system activates
a session when a preset activation keyword is uttered, a decision of whether to drive
the speech recognition system is affected according to a function of the general speech
recognition system in recognizing the activation keyword.

In order to solve these problems, it is possible to use a speech recognition system that
does not instantly end a session after speech recognition is performed, but maintains
the session. However, when the speech recognition system maintains the session, it is
difficult for the speech recognition system to distinguish an input audio signal as
utterance for a speech recognition target from noise that is not the speech recognition
target, so that a speech recognition performance deteriorates. For example, when a
plurality of speakers talk, the speech recognition system may perform speech
recognition even on utterance of a speaker that is not the speech recognition target, so
that the speech recognition performance deteriorates. In addition, when noise
constantly occurs, the speech recognition system may determine utterance is continued
without an end and may then constantly perform the speech recognition on the noise. If
the speech recognition system repeatedly performs a speech detection operation and a
speech recognition operation, the speech recognition system may also unnecessarily
consume power or memory capacity.

An embodiment for solving the problem of the speech recognition system that
performs the speech recognition method of FIG. 1 may provide a speech recognition
system that performs speech recognition based on speaker recognition. The speech
recognition system according to an embodiment may initially activate a session, and
even after utterance is ended, and the speech recognition system may sequentially
perform speech recognition for a next utterance, without an additional operation of ac-
tivating a session. In addition, the speech recognition system according to an em-
bodiment may simultaneously perform speaker verification of verifying whether a
speaker of an input utterance is a registered speaker and speech recognition on the
input utterance, so that the speech recognition system may output only a result of the
speech recognition with respect to an utterance of the registered speaker. Therefore, the
speech recognition system according to an embodiment may allow personalized speech
recognition.

In addition, by performing the speech recognition based on the speaker recognition,
the speech recognition system according to an embodiment may maintain a speech
recognition session when the speaker of the input utterance is the registered speaker.

Thus, the speech recognition system according to an embodiment may solve a problem
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of the speech recognition system that performs the speech recognition method of FIG.
1, including the problem being caused by repeatedly activating a session, and may
provide a convenient usage environment to the user.

FIGS. 2A, 2B, 2C, and 2D illustrate a speech recognition system according to
various embodiments of the present disclosure.

Referring to FIG. 2A, a speech recognition system according to an embodiment may
include a speech recognition apparatus 210. For example, the speech recognition
apparatus 210 may include, but is not limited to, a smartphone, a tablet personal
computer (tablet PC), a PC, a smart television (smart TV), a mobile phone, a personal
digital assistant (PDA), a laptop, a media player, a micro server, a global positioning
system (GPS) device, an electronic book terminal, a digital broadcasting terminal, a
navigation device, a kiosk, a Moving Picture Experts Group (MPEG-1 or MPEG-2)
audio layer-3 (MP3) player, a digital camera, and mobile or non-mobile computing ap-
paratuses. The speech recognition apparatus 210 according to the present embodiment
may activate a session, may receive an input of an audio signal including a speech
signal uttered by a speaker 10, and may perform speech recognition on the speech
signal. The speech recognition apparatus 210 may then output a result of the speech
recognition.

Referring to FIG. 2B, a speech recognition system according to an embodiment may
include a first speech recognition apparatus 221 and a second speech recognition
apparatus 222. The first speech recognition apparatus 221 and the second speech
recognition apparatus 222 may be connected to each other in a wired or wireless
manner. For example, the second speech recognition apparatus 222 may include a
mobile computing apparatus such as a smartphone, a tablet PC, a PC, a smart TV, or
the like, and the first speech recognition apparatus 221 may include a wearable device,
a smartphone, a tablet PC, a PC, or a smart TV which interoperates with the second
speech recognition apparatus 222, but the present disclosure is not limited thereto.

The second speech recognition apparatus 222 according to an embodiment may
control an operation of the first speech recognition apparatus 221 and may share data
with the first speech recognition apparatus 221. The second speech recognition
apparatus 222 according to an embodiment may also transmit a control signal to the
first speech recognition apparatus 221 to activate a session of the first speech
recognition apparatus 221 to receive an input of an audio signal.

The first speech recognition apparatus 221 may receive the input of the audio signal
including the speech signal uttered by the speaker 10, and may transmit the input audio
signal to the second speech recognition apparatus 222. Alternatively, the first speech
recognition apparatus 221 may receive the input of the audio signal including the

speech signal uttered by the speaker 10, and may transmit the speech signal detected
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from the input audio signal to the second speech recognition apparatus 222. Alter-
natively, the first speech recognition apparatus 221 may receive the input of the audio
signal including the speech signal uttered by the speaker 10, and may transmit a char-
acteristic of the speech signal detected from the input audio signal to the second speech
recognition apparatus 222.

The second speech recognition apparatus 222 may perform speech recognition based
on a signal received from the first speech recognition apparatus 221. For example, the
second speech recognition apparatus 222 may perform the speech recognition on the
speech signal detected from the audio signal received from the first speech recognition
apparatus 221. The second speech recognition apparatus 222 may then output a result
of the speech recognition or may control the first speech recognition apparatus 221 to
output the result of the speech recognition.

Referring to FIG. 2C, a speech recognition system according to an embodiment may
include a speech recognition apparatus 231 and a speech recognition server 232. The
speech recognition apparatus 231 and the speech recognition server 232 may be
connected to each other in a wired or wireless manner.

The speech recognition server 232 according to an embodiment may share data with
the speech recognition apparatus 231. The speech recognition apparatus 231 may
activate a session, and may receive an input of an audio signal including a speech
signal uttered by the speaker 10. The speech recognition apparatus 231 may transmit
the input audio signal to the speech recognition server 232. Alternatively, the speech
recognition apparatus 231 may transmit the speech signal detected from the input audio
signal to the speech recognition server 232. Alternatively, the speech recognition
apparatus 231 may transmit a characteristic of the speech signal detected from the
input audio signal to the speech recognition server 232.

The speech recognition server 232 may perform speech recognition based on a signal
received from the speech recognition apparatus 231. For example, the speech
recognition server 232 may perform the speech recognition on the speech signal
detected from the audio signal received from the speech recognition apparatus 231.
The speech recognition server 232 may also transmit a result of the speech recognition
to the speech recognition apparatus 231. The speech recognition apparatus 231 may
then output the result of the speech recognition.

Referring to FIG. 2D, a speech recognition system according to an embodiment may
include a first speech recognition apparatus 241, a second speech recognition apparatus
242, and a speech recognition server 243. The first speech recognition apparatus 241,
the second speech recognition apparatus 242, and the speech recognition server 243
may be connected to each other in a wired or wireless manner. At least one of the first

speech recognition apparatus 241 and the second speech recognition apparatus 242
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may be a mobile computing device such as a smartphone, or may be an electronic
product included in a home network system.

The first speech recognition apparatus 241 and the second speech recognition
apparatus 242 may be controlled in a remote manner via the speech recognition server
243, or may share data with each other. In more detail, the speech recognition server
243 may determine at least one of an activation, a maintenance, and an end of a session
of the first speech recognition apparatus 241 and/or the second speech recognition
apparatus 242, and may perform speech recognition on an audio signal received by the
first speech recognition apparatus 241 and/or the second speech recognition apparatus
242.

For example, the first speech recognition apparatus 241 according to an embodiment
may activate a session, and may receive an input of an audio signal including a speech
signal uttered by the speaker 10. The first speech recognition apparatus 241 may
transmit information about the input audio signal to the speech recognition server 243.
The information about the input audio signal may be the input audio signal, the speech
signal detected from the input audio signal, and/or a characteristic of the speech signal
detected from the input audio signal.

The speech recognition server 243 may perform the speech recognition based on the
information about the input audio signal received from the first speech recognition
apparatus 241. The speech recognition server 243 may transmit a result of the speech
recognition to at least one of the first speech recognition apparatus 241 and the second
speech recognition apparatus 242. The speech recognition server 243 may control at
least one of the first speech recognition apparatus 241 and the second speech
recognition apparatus 242 to then output the result of the speech recognition.

As illustrated in FIGS. 2A, 2B, 2C, and 2D, the speech recognition system according
to embodiments may include at least one speech recognition apparatus and may further
include a speech recognition server. Hereinafter, for convenience of description, a
speech recognition method performed by the "speech recognition apparatus” will be
described. However, hereinafter, some or all of operations of the speech recognition
apparatus which are described below may be performed by the speech recognition
server, or may be partially performed by a plurality of speech recognition apparatuses.

FIGS. 3A and 3B are block diagrams of a speech recognition apparatus according to
various embodiments of the present disclosure.

Referring to FIG. 3A, a speech recognition apparatus 300 according to an em-
bodiment may include a receiver 310, a processor 320, and an output unit 330.
However, the speech recognition apparatus 300 may be embodied with more elements
than the elements shown in FIG. 3A. For example, as illustrated in FIG. 3B, a speech

recognition apparatus 300 according to an embodiment may further include a memory
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340.

For example, the speech recognition apparatus 300 according to an embodiment may
be embodied to be included in at least one of an electronic product, a mobile
computing device, and a server, or may be embodied to be connected to at least one of
the electronic product, the mobile computing device, and the server in a wired or
wireless manner.

The receiver 310 may receive an audio signal. For example, the receiver 310 may
directly receive the audio signal by converting external sound to electrical audio data
by using a microphone. Alternatively, the receiver 310 may receive an audio signal
transmitted by an external device. Referring to FIG. 3, the receiver 310 is included in
the speech recognition apparatus 300, but the receiver 310 according to another em-
bodiment may be included in a separate device and may be connected to the speech
recognition apparatus 300 in a wired or wireless manner.

The receiver 310 may activate a session for receiving an input of the audio signal by
the control of the processor 320. The session may indicate a period during which the
speech recognition apparatus 300 starts an operation of receiving the input of the audio
signal and then ends the operation. The activation of the session may describe that the
speech recognition apparatus 300 starts the operation of receiving the input of the
audio signal. While the session is maintained, the receiver 310 may transmit the input
audio signal to the processor 320.

In addition, the receiver 310 may receive a user input of controlling the speech
recognition apparatus 300. The receiver 310 may have a user input device including,
but not limited to, a touch panel for receiving a user's touch, a button for receiving
push manipulation by the user, a wheel for receiving rotation manipulation by the user,
a keyboard, and a dome switch. The receiver 310 may not directly receive the user
input but may receive a user input that is received by a separate user input device.

For example, the receiver 310 may receive a user input of storing a particular speaker
as a registered speaker, and a user input of activating a session.

The processor 320 may detect a speech signal from the audio signal input through the
receiver 310, and may perform speech recognition on the audio signal. In an em-
bodiment, the processor 320 may extract a frequency characteristic of the speech signal
from the input audio signal, and may perform the speech recognition by using one or
more of an acoustic model and a language model. The frequency characteristic may
indicate a distribution of frequency components of a sound input, where the frequency
components are extracted by analyzing a frequency spectrum of the sound input. Thus,
as illustrated in FIG. 3B, the speech recognition apparatus 300 may further include the
memory 340 for storing a sound model and/or a language model.

In an embodiment, the processor 320 may generate speaker information from the
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speech signal. For example, the processor 320 may generate the speaker information
from a frequency characteristic of the speech signal by using at least one of states
posteriors extracted from the sound model, a universal background model, and total
variability conversion information. The processor 320 may determine, based on the
speaker information, whether a speaker of the speech signal is a registered speaker.

The processor 320 may decide whether to maintain the session based on a result of the
determination. In an embodiment, the memory 340 of FIG. 3B may store at least one of
the states posteriors, the universal background model, the total variability conversion
information, and registered speaker information.

The processor 320 may activate the session for receiving an input of the audio signal
so as to perform the speech recognition. The processor 320 may also control
maintenance or an end of the activated session.

For example, the processor 320 may activate the session based on the user input, and
may set the session to be maintained during a preset session maintenance period and
then ended after the preset session maintenance period. In the case where a speaker of
the speech signal detected from the input audio signal received while the session is
activated is the registered speaker, the processor 320 may reset the session to be
activated during a preset extended period and then ended after the extended period.

The output unit 330 may output a result of performing the speech recognition on the
speech signal. The output unit 330 may notify the user about the result of the speech
recognition, or may transmit the result of the speech recognition to an external device
(e.g., a smartphone, a smart TV, a smart watch, a server, and the like). For example,
the output unit 330 may include a display capable of outputting an audio signal or a
video signal.

Alternatively, the output unit 330 may perform an operation that corresponds to the
result of performing the speech recognition. For example, the speech recognition
apparatus 300 may determine a function of the speech recognition apparatus 300, the
function corresponding to the result of performing the speech recognition, and may
output, via the output unit 330, an execution screen in which the function is being
performed. Alternatively, the speech recognition apparatus 300 may transmit, to an
external server, a keyword corresponding to the result of performing the speech
recognition, may receive information about the transmitted keyword from the external
server, and may output the information to a screen via the output unit 330.

The block diagrams illustrated in FIGS. 3A and 3B may also be applied to a speech
recognition server. The speech recognition server according to an embodiment may
include a receiver that receives an input audio signal from a speech recognition
apparatus. The speech recognition server may be connected to the speech recognition

apparatus in a wired or wireless manner. The input audio signal received by the



WO 2018/043991 PCT/KR2017/009251

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

14

receiver of the speech recognition server might have been received by the speech
recognition apparatus while a session for receiving an input of the audio signal is
activated.

The speech recognition server may include a processor and an output unit, and may
further include a memory. The processor of the speech recognition server may detect a
speech signal from the input audio signal, and may perform speech recognition on the
speech signal. The processor of the speech recognition server may determine whether a
speaker of the speech signal is a registered speaker based on speaker information
generated from the speech signal. The processor of the speech recognition server may
determine whether to maintain the session of the speech recognition apparatus based
on a result of the determination.

The output unit of the speech recognition server may transmit, to the speech
recognition apparatus, a session management signal for determining whether to
maintain the session and a result of performing the speech recognition. The speech
recognition apparatus may output the result of performing the speech recognition,
where the result is received from the speech recognition server.

Hereinafter, an operating method by the speech recognition apparatus 300 will now
be described in detail. Each operation of a method described below may be performed
by each of the aforementioned elements of the speech recognition apparatus 300. For
convenience of description, it is assumed that the speech recognition apparatus 300 is a
subject of the operations, but the descriptions below may also be applied to a case in
which a speech recognition server is a subject of the operations.

FIG. 4 is a flowchart of a speech recognition method according to an embodiment of
the present disclosure.

In operation S410, the speech recognition apparatus 300 may activate a session for
receiving an input of an audio signal.

The session may indicate a period during which the speech recognition apparatus 300
starts an operation of receiving the input of the audio signal and then ends the
operation. The activation of the session may describe that the speech recognition
apparatus 300 starts the operation of receiving the input of the audio signal.

The speech recognition apparatus 300 may set the session to be maintained during a
preset session maintenance period and then ended after the preset session maintenance
period.

While the session is maintained, the speech recognition apparatus 300 may receive
the input of the audio signal. In addition, while the session is maintained, the speech
recognition apparatus 300 may perform the operation of receiving the input of the
audio signal and may also perform an operation of processing the input audio signal.

For example, while the session is maintained, the speech recognition apparatus 300
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may perform at least one of operations S420 through S450 illustrated in FIG. 4.

In operation S420, the speech recognition apparatus 300 may perform speech
recognition. The speech recognition apparatus 300 may detect a speech signal from the
audio signal that is input while the session is maintained, and may perform the speech
recognition on the detected speech signal.

In an embodiment, the speech recognition apparatus 300 may segment the audio
signal that is input in real-time into frame units each having a preset length, and may
process the audio signal that is segmented into the frame units. A speech signal in
frame units may then be detected from the audio signal that is segmented into the
frame units.

In an embodiment, the speech recognition apparatus 300 may extract, from the
speech signal, a speech recognition feature vector which is for robust speech
recognition, and a speaker recognition feature vector which is for robust speaker
recognition. The speech recognition apparatus 300 may convert the speech signal in a
time domain to a signal in a frequency domain, and may differently change frequency
energy of the converted signal, thereby extracting the speech recognition feature vector
and the speaker recognition feature vector.

For example, the speech recognition feature vector and the speaker recognition
feature vector may be mel-frequency cepstral coefficients (MFCC) or filter bank
energy, but embodiments are not limited thereto and thus, a feature vector may be
extracted from a speech signal in various manners.

In an embodiment, the speech recognition apparatus 300 may perform speech
recognition on the speech recognition feature vector, thereby generating a result of
performing the speech recognition. The speech recognition apparatus 300 may perform
the speech recognition on the speech recognition feature vector based on one or more
of an acoustic model and a language model. The speech recognition apparatus 300 may
perform the speech recognition, thereby extracting text assumed to have been uttered
by a speaker of the speech signal.

In an embodiment, the speech recognition apparatus 300 may generate speaker in-
formation by using the speech recognition feature vector. For example, the speech
recognition apparatus 300 may extract states posteriors, based on one or more of the
acoustic model and the speech recognition feature vector, and may generate the
speaker information by using the states posteriors and the speech recognition feature
vector. In an embodiment, the speech recognition apparatus 300 may calculate a vector
matrix including the speaker information by further using one or more of total
variability conversion information and a universal background model in addition to the
speech recognition feature vector and the states posteriors.

In an embodiment, the speech recognition apparatus 300 may simultaneously
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perform the speech recognition and the generation of the speaker information. In more
detail, the speech recognition apparatus 300 may perform the speech recognition on the
speech signal extracted by frame units in real-time and may generate the speaker in-
formation. The speech recognition apparatus 300 may perform the speech recognition
on a first frame of the speech signal, and may extract states posteriors about the first
frame while the speech recognition is performed on the first frame. The speech
recognition apparatus 300 may then generate speaker information about the first frame
by using the states posteriors about the first frame.

In an embodiment, the speech recognition apparatus 300 may repeatedly perform an
operation of the speech recognition and an operation of generating speaker information
on each of the frames of the speech signal which are sequentially detected from the
audio signal that is input in real-time.

In operation S430, the speech recognition apparatus 300 may determine whether the
speaker of the speech signal is a registered speaker. The speech recognition apparatus
300 may determine whether the speaker of the speech signal is the registered speaker
based on the speaker information generated from the speech signal.

The registered speaker may be a main user of the speech recognition apparatus 300,
but embodiments are not limited thereto. For example, when the speech recognition
apparatus 300 is a smartphone, an owner of the smartphone may be the registered
speaker. The speech recognition apparatus 300 may register a speaker based on a user
input, or may store a predetermined speaker that is a default value as the registered
speaker. The speech recognition apparatus 300 may store one speaker as the registered
speaker or may store a plurality of speakers as registered speakers.

In an embodiment, the speech recognition apparatus 300 may store a speech charac-
teristic of a specific speaker as registered speaker information. For example, before a
session is activated, the speech recognition apparatus 300 may previously extract and
store the registered speaker information from feature vectors extracted from a plurality
of speech signals uttered by the specific speaker.

In an embodiment, the speech recognition apparatus 300 may calculate a similarity
between the pre-stored registered speaker information and newly-generated speaker in-
formation. The speech recognition apparatus 300 may determine whether the speaker
of the speech signal is the registered speaker based on a result of comparing the
calculated similarity with a predetermined threshold value.

Referring to FIG. 4, operation S430 is performed after operation S420 is performed,
but embodiments are not limited thereto. The operation of performing the speech
recognition in operation S420 and the operation of determining whether the speaker of
the speech signal is the registered speaker in operation S430 may be sequentially

performed or may be simultaneously performed in a parallel manner.
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In operation S440, the speech recognition apparatus 300 may determine whether to
maintain the session based on a result of the determination in operation S430.

In an embodiment, the speech recognition apparatus 300 may determine whether to
maintain or end the session based on whether the speaker of the speech signal is the
registered speaker. The speech recognition apparatus 300 that is set to end the session
after the session maintenance period elapses in operation S410 may reset the session to
be further maintained when the speech recognition apparatus 300 determines that the
speaker of the speech signal is the registered speaker in operation S430.

For example, when the speaker of the speech signal is the registered speaker, the
speech recognition apparatus 300 may maintain the session. When the speaker of the
speech signal is the registered speaker, the speech recognition apparatus 300 may set
the session to be maintained during a preset extended period and then ended after the
extended period.

In an embodiment, when the speaker of the speech signal is not the registered
speaker, the speech recognition apparatus 300 may end the session. For example, when
the speech recognition apparatus 300 determines that the speaker of the speech signal
is not the registered speaker, the speech recognition apparatus 300 may instantly end
the session or may set the session to be ended after the session maintenance period that
is set in operation S410 elapses.

In operation S450, the speech recognition apparatus 300 may output a result of the
speech recognition performed in operation S420.

When the speaker of the speech signal is the registered speaker, the speech
recognition apparatus 300 may output the result of performing the speech recognition.
For example, the speech recognition apparatus 300 may output text as the result of the
speech recognition, the result being extracted from the speech signal by performing the
speech recognition on the speech signal.

In an embodiment, in a case where speech signals are non-continuously extracted or
are extracted at regular intervals while the session is maintained, the speech
recognition apparatus 300 may output the text as the result of the speech recognition in
a sentence unit. The result of the speech recognition which is output in a sentence unit
may include text extracted from a plurality of speech signals. When a time interval
between the speech signals is longer than a threshold time, the speech recognition
apparatus 300 may determine that one sentence has been completed.

For example, as illustrated in FIG. 12A, a case where a speaker A utters "Can you
show me the way", and then utters, after a brief pause, "to Gangnam station?", will be
described. The speech recognition apparatus 300 may compare a threshold time with
the brief pause with respect to the utterance. In a case where a speech signal including

"Can you show me the way" and a speech signal including "to Gangnam station?" are
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detected one after the other and having a pause shorter than the threshold time, the
speech recognition apparatus 300 may determine that the speech signals comprise one
sentence. The speech recognition apparatus 300 may determine then, as one sentence,
text that is extracted from a combination of the speech signals and includes "Can you
show me the way to Gangnam station?", and may output a result of performing the
speech recognition on the text.

In an embodiment, the speech recognition apparatus 300 may perform natural
language processing on the result of performing the speech recognition. The speech
recognition apparatus 300 may perform natural language processing on the text
assumed to have been uttered by the speaker. The speech recognition apparatus 300
may also recognize intention of the utterance by the speaker by performing natural
language processing. The speech recognition apparatus 300 performs natural language
processing on the result of performing the speech recognition, thereby determining
whether the speech signals were uttered for the purpose of speech recognition by the
speaker.

In an embodiment, the speech recognition apparatus 300 may also perform natural
language processing on a result of performing the speech recognition on a previous
speech signal detected while the session is maintained. The speech recognition
apparatus 300 performs natural language processing on the result of performing the
speech recognition on the previous speech signal (hereinafter, referred to as the
previous speech recognition result), and a result of performing the speech recognition
on a current speech signal (hereinafter, referred to as the current speech recognition
result), thereby determining whether the current speech signal has been uttered for the
purpose of speech recognition by the speaker. When a correlation between the previous
speech recognition result and the current speech recognition result is high, the speech
recognition apparatus 300 may determine that the speaker has uttered the current
speech signal so as to perform the speech recognition.

In an embodiment, the speech recognition apparatus 300 may analyze, by performing
natural language processing, a meaning of a first text extracted from the previous
speech signal and a meaning of a second text extracted from the current speech signal.
To analyze the meaning of text includes, but is not limited to, recognizing intention as-
sociated with a sentence, i.e., whether the speaker asks a question, whether the speaker
makes a request, or whether the speaker simply expresses his/her feelings, or may
indicate determining a category of the question or the request. Alternatively, to analyze
the meaning of text includes extracting at least one keyword from the text.

In an embodiment, the speech recognition apparatus 300 may calculate a correlation
between the first text and the second text based on the meanings of the first text and

the second text. For example, the speech recognition apparatus 300 compares the
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calculated correlation with a predetermined threshold value, thereby determining
whether the speaker has uttered the current speech signal so as to perform the speech
recognition. When a correlation between the previous speech signal and the current
speech signal is greater than the predetermined threshold value, the speech recognition
apparatus 300 may determine that the speaker has uttered the previous speech signal
and then the current speech signal so as to perform the speech recognition.

In an embodiment, when the speech recognition apparatus 300 determines that the
speech signal has been uttered for speech recognition by the speaker, the speech
recognition apparatus 300 may output a result of performing the speech recognition.
When the speech recognition apparatus 300 determines that the speech signal has not
been uttered for speech recognition by the speaker, the speech recognition apparatus
300 may not output the result of performing the speech recognition.

An embodiment of determining whether to output a speech recognition result by ad-
ditionally performing natural language processing on a speech signal will be described
in detail with reference to FIGS. 13 and 14.

In an embodiment, when the speaker of the speech signal is the registered speaker,
the speech recognition apparatus 300 may update registered speaker information by
performing adaptation training using the speaker information generated in operation
S5420. For example, the speech recognition apparatus 300 gradually performs the
adaptation training on input speech from the same speaker, thereby improving per-
formance of recognizing the registered speaker. A method of updating, by the speech
recognition apparatus 300, the registered speaker information will be described in
detail with reference to FIG. 10.

FIG. 5 is a flowchart of a speech recognition method according to an embodiment of
the present disclosure.

Operation S510 of FIG. 5 may correspond to operation S410 of FIG. 4, operations
5520 through S550 of FIG. 5 may correspond to operation S420 of FIG. 4, operation
S560 of FIG. 5 may correspond to operation S430 of FIG. 4, operation S570 of FIG. 5
may correspond to operation S440 of FIG. 4, and operation S580 of FIG. 5 may
correspond to operation S450 of FIG. 4. The descriptions of FIG. 4 may be applied to
operations of FIG. 5 which correspond to operations of FIG. 4, respectively. Thus, de-
scriptions about redundant operations are omitted here.

In operation S510, the speech recognition apparatus 300 may activate a session. In an
embodiment, when the speech recognition apparatus 300 activates the session, the
speech recognition apparatus 300 may set the session to be maintained during a preset
session maintenance period and then ended after the session maintenance period. For
example, the session maintenance period may be several seconds or several minutes.

When the speech recognition apparatus 300 activates the session, the speech
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recognition apparatus 300 may also start an operation of receiving an input of an audio
signal.

In operation S520, the speech recognition apparatus 300 may determine whether the
session maintenance period has elapsed. In an embodiment, when the session
maintenance period has elapsed, the speech recognition apparatus 300 may end the
session and no longer receive an audio signal for speech recognition.

In operation S530, when the session maintenance period has not elapsed (e.g., when
the session is maintained), the speech recognition apparatus 300 may continue to
receive the input of the audio signal.

In operation S540, the speech recognition apparatus 300 may detect a speech signal
from the input audio signal.

In operation S550, the speech recognition apparatus 300 may generate a speech
recognition result by performing speech recognition on the speech signal, and may
generate information about a speaker of the speech signal. The speech recognition
apparatus 300 may generate speaker information about a corresponding frame by using
information about each of the frames of the speech signal to which the speech
recognition is performed in real-time.

In operation S560, the speech recognition apparatus 300 may determine whether the
speaker of the speech signal is a registered speaker based on the speaker information
generated in operation S550. When the speech recognition apparatus 300 determines
that the speaker of the speech signal is not the registered speaker, the speech
recognition apparatus 300 may change settings with respect to the session or may not
output the speech recognition result. The speech recognition apparatus 300 may then
return to operation S520 and repeatedly perform an operation of receiving an audio
signal during the remaining session maintenance period and performing the speech
recognition.

In operation S570, when the speech recognition apparatus 300 determines that the
speaker of the speech signal is the registered speaker, the speech recognition apparatus
300 may extend the session maintenance period. For example, the speech recognition
apparatus 300 may set the session to remain activated during a preset extended period
and then ended after the extended period. The preset extended period may be equal to
the session maintenance period, but embodiments are not limited thereto.

For example, when the preset session maintenance period is five seconds and the
speech recognition apparatus 300 determines that the speaker of the speech signal is
the registered speaker, the speech recognition apparatus 300 may extend the session
maintenance period so as to allow the session to be extended for five seconds, re-
gardless of a remaining time of the session maintenance period.

In operation S580, the speech recognition apparatus 300 may output a result of the
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speech recognition performed in operation S550. After the speech recognition
apparatus 300 outputs the result of performing the speech recognition, the speech
recognition apparatus 300 may then return to operation S520 and repeatedly perform
the operation of receiving an audio signal during the remaining session maintenance
period and performing the speech recognition.

When a plurality of speakers are registered, the speech recognition apparatus 300
may output speech recognition results respectively for the speakers. For example,
when the plurality of speakers talk, the speech recognition apparatus 300 may dis-
tinguish between the speakers with respect to speech recognition results for utterances
of the speakers, and may output the speech recognition results in a serial or parallel
manner.

A case in which a speaker A and a speaker B are both registered speakers, and
speaker A utters "Inform me of today's weather" and then speaker B utters "Inform me
of tomorrow's weather"”, will now be described.

The speech recognition apparatus 300 may process a speech signal a uttered by
speaker A, and may determine that a speaker of the speech signal a is speaker A who is
a registered speaker. Since the speaker of the speech signal a is speaker A who is a
registered speaker, the speech recognition apparatus 300 may extend a session
maintenance period and may output a speech recognition result. The speech
recognition apparatus 300 may output, to a screen or other display, text of "Inform me
of today's weather" that is the result of performing speech recognition on the speech
signal a, and may then output information about today's weather to the screen in
response to the request of "Inform me of today's weather".

The speech recognition apparatus 300 may also process a speech signal b uttered by
speaker B, and may determine that a speaker of the speech signal b is speaker B who is
also a registered speaker. Since the speaker of the speech signal b is speaker B who is a
registered speaker, the speech recognition apparatus 300 may extend the session
maintenance period and may output a speech recognition result. The speech
recognition apparatus 300 may output, to the screen or other display, text of "Inform
me of tomorrow's weather" that is the result of performing speech recognition on the
speech signal b, and may then output information about tomorrow's weather to the
screen in response to the request of "Inform me of tomorrow's weather".

The speech recognition apparatus 300 may output, in a serial or parallel manner, a
speech recognition result R_a (at least one of the text of "Inform me of today's
weather" and the information about today's weather) about the utterance by speaker A,
and a speech recognition result R_b (at least one of the text of "Inform me of
tomorrow's weather" and the information about tomorrow's weather) about the

utterance by speaker B.
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For example, the speech recognition apparatus 300 may sequentially output the
speech recognition result R_a and the speech recognition result R_b to a same area of
the screen. In another example, the speech recognition apparatus 300 may output the
speech recognition result R_a, and then may sequentially output the speech recognition
result R_b beside or below the speech recognition result R_a. The speech recognition
apparatus 300 may also display information indicating speakers that respectively
correspond to the speech recognition results. For example, the speech recognition
apparatus 300 may display an icon representing speaker A adjacent to the speech
recognition result R_a, and may display an icon representing speaker B adjacent to the
speech recognition result R_b.

As another example, the speech recognition apparatus 300 may divide the screen into
a plurality of areas including a first area and a second area, and may output, in a
parallel manner, the speech recognition result R_a and the speech recognition result
R_b to different areas. The speech recognition apparatus 300 may output the speech
recognition result R_a to the first area, and may output the speech recognition result
R_b to the second area in a parallel manner. The speech recognition apparatus 300 may
also display information indicating speakers that respectively correspond to speech
recognition results. For example, the speech recognition apparatus 300 may display
that the first area to which speech recognition result R_a is output is an area for
outputting the speech recognition result about any utterance by speaker A, and may
display that the second area to which speech recognition result R_b is output is an area
for outputting the speech recognition result about any utterance by speaker B.

FIG. 6 is a block diagram of a processor according to an embodiment of the present
disclosure.

Referring to FIG. 6, a block diagram of the processor 320 is shown. Some or all of
the blocks illustrated in FIG. 6 may be realized by hardware and/or software
components configured to perform specified functions. The functions performed by the
blocks illustrated in FIG. 6 may be realized by one or more microprocessors, or circuit
components for the functions. Some or all of the blocks illustrated in FIG. 6 may also
be software modules written in various programming languages or script languages to
be executed by the processor 320.

In the processor 320 of FIG. 6, a speech detector 610 is provided and may detect a
speech signal corresponding to an utterance from an input audio signal when a session
is activated, such as when a speaker inputs the utterance that is a target of speech
recognition. The speech detector 610 may transmit the detected speech signal to
feature extractors 621 and 623.

As illustrated in FIG. 6, the feature extractors 621 and 623 may include a speaker

recognition feature extractor 621 and a speech recognition feature extractor 623. In an
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embodiment, the speaker recognition feature extractor 621 may extract, from the
detected speech signal, a speaker recognition feature vector which is for robust speaker
recognition, and may transmit the speaker recognition feature vector to a speaker in-
formation generator 630. The speech recognition feature extractor 623 may extract,
from the detected speech signal, a speech recognition feature vector which is for robust
speech recognition, and may transmit the speech recognition feature vector to a speech
recognition decoder 650.

The speech recognition decoder 650 may perform speech recognition based on one or
more of an acoustic model and a language model by using the speech recognition
feature vector received from the speech recognition feature extractor 623, and may
generate a result of the speech recognition. The speech recognition decoder 650 may
transmit in real-time states posteriors extracted by using the acoustic model to the
speaker information generator 630. The speech recognition decoder 650 may also
transmit the result of the speech recognition to a session manager 660. The result of the
speech recognition is transmitted to the session manager 660, and whether the result of
the speech recognition is to be performed may be determined based on a processing
result from a registered speaker determiner 640.

The speaker information generator 630 generates speaker information about a
speaker of the speech signal by using the speaker recognition feature vector received
from the speaker recognition feature extractor 621, the states posteriors received in
real-time from the speech recognition decoder 650, a universal background model, and
total variability conversion information obtained by training based on big data. The
speaker information generator 630 may transmit the generated speaker information to
the registered speaker determiner 640.

The speech recognition decoder 650 and the speaker information generator 630 may
interoperate with each other so as to share information in real-time. Since the speech
recognition decoder 650 and the speaker information generator 630 interoperate with
each other, the speech recognition decoder 650 and the speaker information generator
630 may be synchronized and a time lag between a plurality of pieces of information
processed by elements may not occur.

The registered speaker determiner 640 may compare the speaker information
generated by the speaker information generator 630 with registered speaker in-
formation 603 about a pre-registered speaker, and may calculate a similarity between
the speaker information and the registered speaker information 603. In an embodiment,
the registered speaker information 603 may be previously stored and/or updated
thereafter. The registered speaker determiner 640 compares the calculated similarity
with a predetermined threshold value, thereby determining whether the speaker of the

detected speech signal is equal to the pre-registered speaker. The registered speaker de-
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terminer 640 may transmit, to the session manager 660, a speaker verification result
including information about whether the speaker of the detected speech signal is equal
to the pre-registered speaker. The registered speaker determiner 640 may transmit the
speaker information with the speaker verification result to the session manager 660.

The session manager 660 may manage activation of a session, maintenance of the
session, and an end of the session.

In an embodiment, the session manager 660 may activate the session based on a user
input. The session manager 660 may receive the user input from a user input device.
Alternatively, the session manager 660 may receive the user input from the receiver
310 of FIG. 3A or 3B. When a predefined user input for activating a session and a
newly-received user input correspond to each other, the session manager 660 may
activate the session. In order to activate the session, the session manager 660 may
transmit, to the receiver 310 of FIG. 3A or 3B, a control signal for controlling the
receiver 310 of FIG. 3A to start an operation of receiving an input of an audio signal.
In this regard, the session manager 660 may set the session to be maintained during a
preset session maintenance period and then ended after the preset session maintenance
period.

In an embodiment, when the session manager 660 determines that the speaker of the
speech signal is equal to the registered speaker, based on the speaker verification result
received from the registered speaker determiner 640, the session manager 660 may
determine to maintain the session. When the session manager 660 determines that the
speaker of the speech signal is equal to the registered speaker, based on the speaker
verification result received from the registered speaker determiner 640, the session
manager 660 may set the session to be maintained during an extended period.

In an embodiment, when the session manager 660 determines that the speaker of the
speech signal is not equal to the registered speaker, based on the received speaker veri-
fication result, the session manager 660 may end the session. Alternatively, when the
session manager 660 determines that the speaker of the speech signal is not equal to
the registered speaker, based on the received speaker verification result, the session
manager 660 may maintain the session during only a remaining time of the session
maintenance period, and then may end the session.

In addition, in an embodiment, when the speaker of the speech signal is equal to the
registered speaker, the session manager 660 may transmit, to a recognition result
performer 670, the result of the speech recognition received from the speech
recognition decoder 650 and the speaker information received from the registered
speaker determiner 640.

When the session manager 660 determines that the session is to be maintained (or

when the session is determined to be maintained during the extended period), the
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recognition result performer 670 is executed. Since the result of the speech recognition
is about the speech signal uttered by the registered speaker, the recognition result
performer 670 may output the result of the speech recognition.

The recognition result performer 670 may transmit the speaker information to a
registered speaker updater 680. In an embodiment, the registered speaker updater 680
may upgrade and update the registered speaker information 603 by performing an
adaptation training method using the speaker information (e.g., speaker information
extracted from an uttered speech of a speaker determined to be the same speaker as the
registered speaker) received from the recognition result performer 670.

Since the session is maintained by the session manager 660, after the recognition
result performer 670 outputs the result of the speech recognition, an operation of
detecting, by the speech detector 610, a speech and performing the speech recognition
is repeatedly performed.

Referring to FIG. 6, total variability conversion information 601, the registered
speaker information 603, an acoustic model 605, and a language model 607 are stored
in the processor 320, but embodiments are not limited thereto. The total variability
conversion information 601, the registered speaker information 603, the acoustic
model 603, the language model 607, the generated speaker information, the result of
the speech recognition, the speaker verification result, or the like, may be stored in the
memory 340 of the speech recognition apparatus 300 or elsewhere, such as cloud
storage.

Although not illustrated in FIG. 6, the processor 320 may further include a natural
language processor (not shown). The natural language processor may recognize
meanings of the result of the speech recognition that have been transmitted to the
session manager 660. When the speaker of the speech signal is determined to be equal
to the registered speaker, the natural language processor may determine whether text
included in the speech signal is uttered by the speaker with the intent to allow the
speech recognition to be actually performed. The natural language processor may
transmit a result of the determination to the session manager 660 and the recognition
result performer 670. The result of the determination performed by the natural
language processor may be used in performing the result of the speech recognition or
managing the session.

FIG. 7 is a flowchart of a speech recognition method according to an embodiment of
the present disclosure.

Operation S710 of FIG. 7 may correspond to operation S410 of FIG. 4, operations
S720 through S760 of FIG. 7 may correspond to operation S420 of FIG. 4, operation
S770 of FIG. 7 may correspond to operation S430 of FIG. 4, and operation S780 of
FIG. 7 may correspond to operations S440 and S450 of FIG. 4. The descriptions about
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FIG. 4 may be applied to operations of FIG. 7 which correspond to operations of FIG.
4, respectively. Thus, descriptions about redundant operations are omitted here.

In operation S710, the speech recognition apparatus 300 according to an embodiment
may activate a session for speech recognition, and in operation S720, the speech
recognition apparatus 300 may detect an input of speech from an input audio signal. In
operation S730, when a session maintenance period elapses while the speech is not
detected, the speech recognition apparatus 300 may end the session. In operation S730,
when the speech recognition apparatus 300 detects the speech, in operation S740, the
speech recognition apparatus 300 may extract a feature A for speech recognition and a
feature B for speaker recognition from a speech signal. In an embodiment, the feature
A for speech recognition and the feature B for speaker recognition may each include a
feature vector.

The speech recognition apparatus 300 may perform a speech recognition result on the
feature A. In operation S751, the speech recognition apparatus 300 may extract a
speech recognition result T and states posteriors P from the feature A. In operation
S753, the speech recognition apparatus 300 may generate speaker information S from
the states posteriors P generated in operation S751 and the feature B extracted in
operation S740. In operation S760, the speech recognition apparatus 300 may compare
the speaker information S with registered speaker information. In operation S770, the
speech recognition apparatus 300 may determine whether a speaker of the speech
signal is equal to a registered speaker. When the speaker of the speech signal is not
equal to the registered speaker, the speech recognition apparatus 300 may not extend
the session maintenance period and may end the session. In operation S780, the speech
recognition apparatus 300 may perform the speech recognition result T obtained by
performing the speech recognition.

The expression of performing the speech recognition result T describes that an
operation that corresponds to a result of performing the speech recognition may be
performed. For example, the speech recognition apparatus 300 may output the speech
recognition result T. The speech recognition apparatus 300 may determine a function
of the speech recognition apparatus 300 corresponding to the speech recognition result
T, and may output an execution screen in which the function is being performed. Alter-
natively, the speech recognition apparatus 300 may transmit a keyword corresponding
to the speech recognition result T to an external server, may receive information about
the transmitted keyword from the external server, and then may output the information
to a screen.

After the speech recognition apparatus 300 performs the speech recognition result T,
the speech recognition apparatus 300 may then return to operation S720 and repeatedly

perform the operation of detecting an input of speech.
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FIG. 8 is a diagram for describing a method of performing speech recognition and
generating speaker information by a speech recognition apparatus according to an em-
bodiment of the present disclosure.

Referring to FIG. 8, the speech recognition decoder 650 may perform speech
recognition based on one or more of the acoustic model 605 and the language model
607 by using a speech recognition feature vector extracted from a speech signal, and
may generate a result of the speech recognition.

The acoustic model 605 includes information used in determining, in a mono-phone
unit or a tri-phone unit, with which sound the speech signal is matched. For example,
the speech recognition decoder 650 may calculate probabilities in which the speech
signal is matched with several phonemes, respectively, based on the acoustic model
605, and may determine a phoneme that is consequently matched with the speech
signal.

The language model 607 includes information used in determining with which word
the speech signal is matched. For example, the speech recognition decoder 650 may
calculate probabilities in which the speech signal is matched with a plurality of words,
respectively, based on the language model 607, and may determine a word that is con-
sequently matched with the speech signal.

The speech recognition decoder 650 may then extract, as the result of speech
recognition, text formed of words that match the speech signal based on the acoustic
model 605 and the language model 607.

The speech recognition decoder 650 may extract states posteriors from the speech
recognition feature vector based on the acoustic model 605, and may transmit the states
posteriors to the speaker information generator 630. The states posteriors may include
a probability in which a frame of the speech signal is matched with a phoneme, the
speech signal being currently processed by the speech recognition decoder 650.

The speaker information generator 630 may generate speaker information by using a
speaker recognition feature vector extracted from the speech signal, the states
posteriors received in real-time from the speech recognition decoder 650, a universal
background model 801 and speaker information extractor 810, and the total variability
conversion information 601 obtained by training based on big data.

The universal background model 801 may be generated by learning a speaker-
independent model by using a large amount of data including information about speech
signals of several speakers, and may indicate an average model with respect to the
speech signals of the several speakers. The total variability conversion information 601
may correspond to a total variability conversion matrix.

The total variability conversion information 601 corresponds to a low-rank matrix,

and may project variability of a super vector of the gaussian mixture model (GMM) or
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the deep neural network (DNN) on a low dimensional vector.

For example, when a distribution of acoustic parameters extracted from the speech
signal is modeled according to the GMM, information obtained by subtracting the
universal background model 8§01 from a GMM super vector may be expressed as mul-
tiplication of an i-vector and the total variability conversion matrix, wherein the GMM
super vector is obtained by connecting average values of a plurality of Gaussian
indices. The speaker information generator 630 may generate the speaker information
from the i-vector. The speaker information generator 630 may remove environment in-
formation from the i-vector, thereby generating the speaker information.

The speaker information generated by the speaker information generator 630 may be
transmitted to the registered speaker determiner 640. The registered speaker determiner
640 may verify whether a speaker of the speech signal is a registered speaker by
comparing the speaker information generated by the speaker information generator 630
with the registered speaker information 603. A speaker verification scoring unit 8§20
may calculate a probability in which the speaker of the speech signal is the registered
speaker based on a similarity between the generated speaker information and the
registered speaker information 603. The speaker verification scoring unit 820 may
calculate scores in various manners including calculating an inner product between an
i-vector included in the generated speaker information and an i-vector included in the
registered speaker information 603, and may score whether the speaker of the speech
signal is the registered speaker. The registered speaker determiner 640 may output a
speaker verification result including information about whether the speaker of the
speech signal is equal to the registered speaker based on a calculated value.

Referring again to FIG. 8, the speech recognition apparatus 300 may synchronize a
frame to which the speech recognition is performed with a frame to which speaker
recognition is performed, and may apply states posteriors about a certain frame to
speaker recognition with respect to the certain frame.

The speech recognition apparatus 300 may calculate a similarity between speaker in-
formation extracted from a frame and the registered speaker information with respect
to each of the frames of the speech signal input in real-time. The speech recognition
apparatus 300 may perform speaker verification on each frame based on the calculated
similarity. That is, the speech recognition apparatus 300 may determine whether a
speaker of each frame is equal to the registered speaker based on the calculated
similarity.

The speech recognition apparatus 300 may robustly perform speaker verification on a
period longer than one frame by using a similarity calculated for a current frame and
similarities calculated for adjacent frames. When similarities calculated for a plurality

of frames included in one period are distributed close to a threshold value, the speech
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recognition apparatus 300 may learn similarities calculated for a period adjacent to the
one period, thereby performing speaker verification on the one period with a higher
accuracy.

Since the speech recognition apparatus 300 is enabled to robustly perform speaker
verification, the speech recognition apparatus 300 may perform speaker verification on
a speech signal with a very short frame unit (e.g., 0.1 sec.). Since the speech
recognition apparatus 300 may perform the speaker verification on the speech signal
with a very short frame unit, the speech recognition apparatus 300 may predict a
boundary of utterance of the registered speaker, i.e., a start point and an end point of
the utterance. The speech recognition apparatus 300 may determine whether each of a
plurality of items of utterance which are input in real-time is output from the registered
speaker.

Since the speech recognition apparatus 300 may perform the speaker verification on
the speech signal with a very short frame unit, the speech recognition apparatus 300
may determine whether each of a plurality of items of utterance which is input in real-
time is output from the registered speaker.

FIG. 9 is a diagram for describing a method of performing normalization by using in-
formation of an adjacent frame for speaker recognition in real-time by a speech
recognition apparatus according to an embodiment of the present disclosure.

The speech recognition apparatus 300 according to an embodiment may perform nor-
malization by using information about an entire utterance from a start point of speech
to an end point of the speech. The speech recognition apparatus 300 may perform the
normalization and speaker recognition only when a length of a speech signal is equal to
or greater than a minimal period, such as three seconds. Such a minimal period is
desirable since, when the normalization is performed by using an excessively short
speech signal, a speaker recognition performance deteriorates. As illustrated in plot
910, when the normalization is performed by using only a speech signal having one
frame length and then speaker recognition is performed, a speaker recognition per-
formance significantly deteriorates. Therefore, the speech recognition apparatus 300
has to obtain a speech signal having a predetermined length for the normalization so
that a delay occurs in performing the speaker recognition. Thus, it has been difficult to
perform the speaker recognition in real-time.

In order to perform speaker recognition in real-time, the speech recognition apparatus
300 according to an embodiment, may extract speaker information about a frame that
is being currently processed, and may perform the normalization by using information
of adjacent frames. As illustrated in plot 930, the speech recognition apparatus 300
may extract speaker information about a frame that is being currently processed, and

may perform the normalization by using information of adjacent frames. The speech
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recognition apparatus 300 may then decrease a length of a speech signal for the
speaker recognition to 0.3 seconds by performing the normalization by using the
adjacent frames.

When information that is adjacent to a current frame and is less than 0.3 seconds is
present, the speech recognition apparatus 300 may perform padding on boundary in-
formation and may then perform the normalization. For parts of adjacent frames which
do not have a speech signal, the speech recognition apparatus 300 may perform
padding on a value of a point at which the speech signal ends in the adjacent frames,
and may perform the normalization.

FIG. 10 is a diagram for describing a method of managing maintenance of a session
and updating registered speaker information based on a result of speaker recognition
by the speech recognition apparatus according to an embodiment of the present
disclosure.

The session manager 660 may manage activation of a session, maintenance of the
session, and an end of the session. A determination logic 1010 of the session manager
660 may determine the maintenance of the session and the end of the session based on
a speaker verification result including information about whether a speaker of a speech
signal is a registered speaker.

When the determination logic 1010 of the session manager 660 determines that the
speaker of the speech signal is equal to the registered speaker, the determination logic
1010 may determine that the session is to be maintained. When the determination logic
1010 determines that the speaker of the speech signal is equal to the registered speaker,
the determination logic 1010 may set the session to be maintained during a preset
extended period, regardless of a remaining time of a session maintenance period.

When the session manager 660 determines that the speaker of the speech signal is not
equal to the registered speaker, the session manager 660 may end the session. When
the session manager 660 determines that the speaker of the speech signal is not equal
to the registered speaker, the session manager 660 may maintain the session during
only a remaining time of the session maintenance period, and then may end the
session.

When the session manager 660 determines that the session is to be maintained, the
recognition result performer 670 may be executed. The recognition result performer
670 may perform an operation corresponding to a result of speech recognition. The
recognition result performer 670 may output the result of speech recognition to the
output unit 330. The recognition result performer 670 may also transmit speaker in-
formation to the registered speaker updater 680.

The registered speaker updater 680 may upgrade the registered speaker information

603 by performing an adaptation training method using the speaker information (e.g.,
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information extracted from an uttered speech of the speaker determined to be the same
speaker as the registered speaker) received from the recognition result performer 670,
and may update the registered speaker information, which was previously stored, by
using the upgraded registered speaker information 603.

For example, when the speech recognition apparatus 300 uses an i-vector as the
speaker information, the registered speaker updater 680 may previously store an i-
vector R as information about the registered speaker. The i-vector R stored in the
registered speaker updater 680 may be obtained from feature values about speech
signals uttered by the registered speaker. The registered speaker updater 680 may store
information used in obtaining the i-vector R.

Whenever the registered speaker updater 680 receives an i-vector new from the
recognition result performer 670, the registered speaker updater 680 may accumulate
received information, thereby obtaining again an i-vector R. Since a speech signal is
detected in real-time, the registered speaker updater 680 may accumulate information
used in detecting the i-vector new for each of frames of the speech signal. The
registered speaker updater 680 may obtain again an i-vector R by using the ac-
cumulated information. The registered speaker updater 680 may update the pre-stored
i-vector R by using the re-obtained i-vector R.

The registered speaker updater 680 may store speaker information before adaptation
training, and when an adaptation training performance deteriorates, the registered
speaker updater 680 may change the speaker information before adaptation training to
registered speaker information to which the adaptation training has been performed.
The registered speaker updater 680 may store an i-vector R_before before adaptation
training, and may extract an i-vector R_after after adaptation training. The registered
speaker updater 680 may compare a scoring value between the i-vector R_before and
the i-vector new with a scoring value between the i-vector R_after and the i-vector
new. When a scoring value with respect to the i-vector R_after after adaptation training
is smaller than the i-vector R_before before adaptation training, the registered speaker
updater 680 may determine that the adaptation training performance deteriorated.
When the adaptation training performance deteriorates, the registered speaker updater
680 may change the i-vector R_after to the i-vector R_before, and may store the i-
vector R_before as registered speaker information.

Hereinafter, with reference to FIGS. 11A through 14C, examples in which the speech
recognition apparatus 300 according to embodiments outputs a result of speech
recognition are illustrated. In the examples illustrated in FIGS. 11A through 14C, it is
assumed that the speech recognition apparatus 300 is a smartphone, and recognizes a
question or a requested uttered by a speaker, and then outputs a response corre-

sponding to the questions or performs an operation corresponding to the request.
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However, the present embodiment is not limited to the examples illustrated in FIGS.
11A through 14C.

In addition, the speech recognition apparatus 300 illustrated in FIGS. 11A through
14C may independently recognize speech and output a result of speech recognition.
Alternatively, the speech recognition apparatus 300 illustrated in FIGS. 11A through
14C may be connected to an external device, may transmit input speech to the external
device, may receive a result of speech recognition from the external device, and may
output the result of speech recognition. Alternatively, the speech recognition apparatus
300 illustrated in FIGS. 11A through 14C may be connected to a server, may transmit
input speech to the server, may receive a result of speech recognition from the server,
and may output the result of speech recognition.

In the examples illustrated in FIGS. 11A through 14C, a speaker A is a registered
speaker, but embodiments are not limited to the examples shown and thus, a plurality
of speakers may be previously registered, and a plurality of pieces of information about
the plurality of registered speakers may be stored.

FIGS. 11A, 11B, and 11C illustrate an example in which a speech recognition
apparatus outputs a result of speech recognition according to various embodiments of
the present disclosure.

A user of the speech recognition apparatus 300 may perform a preset physical
operation, thereby allowing a session of the speech recognition apparatus 300 to be
activated. For example, the user may press a preset button of the speech recognition
apparatus 300, may touch a touchscreen of the speech recognition apparatus 300, may
move the speech recognition apparatus 300 in some manner, or may utter a pre-stored
call keyword, thereby allowing the session to be activated. However, embodiments are
not limited thereto. The speech recognition apparatus 300 may activate the session
based on these and other various user inputs.

Referring to FIG. 11A, when a speaker A utters "Inform me of today's weather" for
example, the speech recognition apparatus 300 may perform speech recognition on a
detected first speech signal. The speech recognition apparatus 300 may determine that
speaker A of the first speech signal is equal to a registered speaker A based on speaker
information generated from the first speech signal. The speech recognition apparatus
300 may then reset the session to be maintained during a preset extended period (e.g., 5
sec.) based on a result of the determination.

The speech recognition apparatus 300 may output a result of the speech recognition
based on the result of the determination. The speech recognition apparatus 300 may
output, to a screen or display, text 1101 of "Inform me of today's weather" which is the
result of performing the speech recognition based on the detected first speech signal,

and may output information 1102 about today's weather to the screen in response to the
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request of "Inform me of today's weather".

The speech recognition apparatus 300 may also output, to the screen, information
1103 indicating a set time for maintenance of the session. Referring to FIG. 11A, the
output information 1103 indicates that the session will be maintained for five seconds,
but according to flow of time, the output information 1103 may indicate that the
session will be maintained for a time shorter than five seconds.

Referring to FIG. 11B, when speaker A utters "How about tomorrow's weather?"
during maintenance of the session, the speech recognition apparatus 300 may perform
speech recognition on a detected second speech signal. The speech recognition
apparatus 300 may determine that a speaker A of the second speech signal is equal to
the registered speaker A based on speaker information generated from the second
speech signal. The speech recognition apparatus 300 may then reset the session to be
maintained during a preset extended period based on the result of the determination.
The speech recognition apparatus 300 may output, to the screen, the information 1103
indicating a reset time for maintenance of the session.

In addition, the speech recognition apparatus 300 may output, to the screen, text 1104
of "How about tomorrow's weather?" which is a result of performing the speech
recognition from the second speech signal, and may output information 1105 about
tomorrow's weather to the screen in response to the question of "How about
tomorrow's weather?".

Referring to FIG. 11C, when a speaker B who is talking to speaker A utters "Will it
rain tomorrow?" during maintenance of the session, the speech recognition apparatus
300 may perform speech recognition on a detected third speech signal. In this regard,
speaker B did not utter "Will it rain tomorrow?" for the purpose of speech recognition,
but uttered it for conversation with speaker A.

The speech recognition apparatus 300 may determine that speaker B of the third
speech signal is not equal to the registered speaker A based on speaker information
generated from the third speech signal. The speech recognition apparatus 300 may
maintain the session during only a remaining time of the session maintenance period
based on a result of the determination, and after an elapse of the remaining time of the
session maintenance period, the speech recognition apparatus 300 may maintain the
setting by which the session is ended. After the elapse of the session maintenance
period, the speech recognition apparatus 300 may output, to the screen, information
1106 indicating an end of the session. In addition, the speech recognition apparatus
300 may not output a result of performing the speech recognition on the third speech
signal based on the result of the determination.

Thus, as illustrated in FIGS. 11A through 11C, when a registered speaker con-

tinuously gives utterances, the speech recognition apparatus 300 according to an em-
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bodiment automatically maintains a session so that a user does not need to perform an
operation of activating a session for each of the utterances. In addition, since the
speech recognition apparatus 300 does not output a result of speech recognition on
content of utterance output from a non-registered speaker, the speech recognition
apparatus 300 may perform personalized speech recognition and may increase an
accuracy of the speech recognition.

FIGS. 12A and 12B illustrate another example in which a speech recognition
apparatus outputs a result of speech recognition according to various embodiments of
the present disclosure.

Referring to FIG. 12A, when a speaker A activates a session of the speech
recognition apparatus 300 and first utters "to Gangnam station" for example, the
speech recognition apparatus 300 may perform speech recognition on a detected first
speech signal. The speech recognition apparatus 300 may determine that speaker A of
the first speech signal is equal to a registered speaker A based on speaker information
generated from the first speech signal. The speech recognition apparatus 300 may then
reset the session to be maintained during a preset extended period based on a result of
the determination.

When a speaker B who is talking to speaker A utters "Yangjae station" during
maintenance of the session, the speech recognition apparatus 300 may perform speech
recognition on a detected second speech signal. In this regard, speaker B did not utter
"Yangjae station" for the purpose of speech recognition, but uttered it for conversation
with speaker A.

The speech recognition apparatus 300 may determine that speaker B of the third
speech signal is not equal to the registered speaker A based on speaker information
generated from the second speech signal. The speech recognition apparatus 300 may
then maintain the session during only a remaining time of the session maintenance
period based on a result of the determination, and after an elapse of the remaining time
of the session maintenance period, the speech recognition apparatus 300 may maintain
the setting by which the session is ended. The speech recognition apparatus 300 may
also not output a result of performing the speech recognition on the second speech
signal based on the result of the determination.

When speaker A utters "Can you show me the way?" during maintenance of the
session, the speech recognition apparatus 300 may perform speech recognition on a
detected third speech signal. The speech recognition apparatus 300 may determine that
speaker A of the third speech signal is equal to the registered speaker A based on
speaker information generated from the third speech signal. The speech recognition
apparatus 300 may then reset the session to be maintained during a preset extended

period based on a result of the determination.
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Since the first speech signal and the third speech signal are sequentially detected with
an interval shorter than a threshold time, the speech recognition apparatus 300 may
determine that the first speech signal and the third speech signal form one sentence.

Based on the result of the determination that speaker A of the first speech signal and
the third speech signal is equal to the registered speaker A, the speech recognition
apparatus 300 may output, to the screen, text 1201 of "Can you show me the way to
Gangnam station?" which is a result of performing speech recognition on the first
speech signal and the third speech signal. In response to a request of showing the way
to Gangnam station, the speech recognition apparatus 300 may output, to the screen,
information 1202 about the way from a current location to Gangnam station.

The speech recognition apparatus 300 may also output, to the screen, information
1203 indicating a reset time for maintenance of the session.

Referring to FIG. 12B, when speaker A utters "Can you show me a location of a bus
stop?" during maintenance of the session, the speech recognition apparatus 300 may
perform speech recognition on a detected fourth speech signal. The speech recognition
apparatus 300 may determine that speaker A of the fourth speech signal is equal to the
registered speaker A, based on speaker information generated from the fourth speech
signal. The speech recognition apparatus 300 may then reset the session to be
maintained during a preset extended period based on a result of the determination.

Based on the result of the determination that speaker A of the fourth speech signal is
equal to the registered speaker A, the speech recognition apparatus 300 may output, to
the screen, text 1204 of "Can you show me a location of a bus stop?" which is a result
of performing speech recognition on the fourth speech signal. The speech recognition
apparatus 300 may also output, to the screen, information corresponding to a request of
showing the location of the bus stop.

When a speaker B who is talking to speaker A utters "No" during maintenance of the
session, the speech recognition apparatus 300 may perform speech recognition on a
detected fifth speech signal. The speech recognition apparatus 300 may not perform an
operation of outputting a result of the speech recognition with respect to the fifth
speech signal uttered by speaker B who is not the registered speaker A, and may not
extend a maintenance period of the session.

The speech recognition apparatus 300 may analyze, by performing natural language
processing, a meaning of the first text indicating "Can you show me the way to
Gangnam station?" extracted from the first speech signal and the third speech signal.
The speech recognition apparatus 300 may also analyze, by performing natural
language processing, a meaning of the second text indicating "Can you show me a
location of a bus stop?" extracted from the fourth speech signal. When the speech

recognition apparatus 300 determines that the request of the second text is unclear or
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determines that the second text is not a complete sentence, the speech recognition
apparatus 300 may compensate for the second text based on content of the first text
extracted from previous signals. For example, when a request of text requires output of
an excessive amount of information, the speech recognition apparatus 300 may
determine that the request of the text is unclear.

Referring to FIGS. 12A and 12B, the speech recognition apparatus 300 may extract a
keyword "Gangnam station" from the first text, and may compensate for the second
text by using the extracted keyword. The speech recognition apparatus 300 may
compensate for the second text and may generate a third text indicating "Can you show
me a location of a bus stop near Gangnam station?". In response to the third text, the
speech recognition apparatus 300 may output, to the screen, information about the
location of the bus stop near Gangnam station.

In the example illustrated in FIGS. 12A and 12B, speaker A is a registered speaker,
but the speech recognition apparatus 300 is not limited thereto and thus, a plurality of
speakers may be previously registered in the speech recognition apparatus 300, and the
speech recognition apparatus 300 may store a plurality of pieces of information about
the plurality of speakers.

For example, when speaker A and speaker B are both registered speakers, the speech
recognition apparatus 300 may output, in a serial or parallel manner, a result of speech
recognition of utterance by speaker A and a result of speech recognition of utterance
by speaker B.

The speech recognition apparatus 300 may output text indicating "Can you show me
the way to Gangnam station?" to a first area of the screen. In response to a request of
showing the way to Gangnam station, the speech recognition apparatus 300 may
output, to the first area, information about the way from a current location to Gangnam
station. In addition, the speech recognition apparatus 300 may output, to the first area
of the screen, the information about the location of the bus stop near Gangnam station.

The speech recognition apparatus 300 may output the result of speech recognition of
the utterance by speaker B to a second area that is equal to or different from the first
area. The speech recognition apparatus 300 may output text of "Yangjae station" and
text of "No" to the second area of the screen. In response to the utterance by speaker B,
the speech recognition apparatus 300 may output, to the screen, an image, location in-
formation, or the like, related to "Yangjae station".

The speech recognition apparatus 300 may display a result of speech recognition
along with information indicating a speaker corresponding to the result. For example,
the speech recognition apparatus 300 may display an icon indicating speaker A on the
periphery of the result of speech recognition of the utterance by speaker A, and may

display an icon indicating speaker B on the periphery of the result of speech



WO 2018/043991 PCT/KR2017/009251

[219]

[220]

[221]

[222]

[223]

[224]

[225]

37

recognition of the utterance by speaker B. Alternatively, the speech recognition
apparatus 300 may display that the first area corresponds to speaker A, and display that
the second area corresponds to speaker B.

FIGS. 13A, 13B, and 13C illustrate another example in which a speech recognition
apparatus outputs a result of speech recognition according to various embodiments of
the present disclosure.

Referring to FIG. 13A, when a session is activated and a speaker A utters "Inform me
of today's weather" for example, the speech recognition apparatus 300 may perform
speech recognition on a detected first speech signal. The speech recognition apparatus
300 may determine that speaker A of the first speech signal is equal to a registered
speaker A based on speaker information generated from the first speech signal. The
speech recognition apparatus 300 may then reset the session to be maintained during a
preset extended period based on a result of the determination.

The speech recognition apparatus 300 may output a result of the speech recognition
based on the result of the determination. The speech recognition apparatus 300 may
output, to the screen, a first text 1301 indicating "Inform me of today's weather" which
is the result of performing the speech recognition from the detected first speech signal,
and may output, to the screen, information 1302 about today's weather, in response to
the request of "Inform me of today's weather".

The speech recognition apparatus 300 may also output, to the screen, information
1303 indicating a set time for maintenance of the session.

Referring to FIG. 13B, when speaker A utters "Tomorrow?" during maintenance of
the session, the speech recognition apparatus 300 may perform speech recognition on a
detected second speech signal. The speech recognition apparatus 300 may determine
that speaker A of the second speech signal is equal to the registered speaker A based
on speaker information generated from the second speech signal. The speech
recognition apparatus 300 may then reset the session to be maintained during a preset
extended period based on a result of the determination.

The speech recognition apparatus 300 may output, to the screen, text 1304 indicating
"Tomorrow?" which is a result of performing the speech recognition on the second
speech signal based on the result of the determination that the speaker A of the second
speech signal is equal to the registered speaker A.

The speech recognition apparatus 300 may output, to the screen, information corre-
sponding to a request of text output to the screen. However, when too many pieces of
information corresponding to the request of the text are found, the speech recognition
apparatus 300 may determine that the request of the text is unclear, and may
compensate for the text, which is being currently processed, based on previous speech

signals.
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Referring to FIG. 13B, when too many pieces of information which correspond to the
request of the second text 1304 and can be provided in regard to tomorrow are found,
the speech recognition apparatus 300 may compensate for the second text 1304. The
speech recognition apparatus 300 may extract keywords "Inform me of weather" from
the first text 1301, and may compensate for the second text 1304 by using the extracted
keyword. The speech recognition apparatus 300 may compensate for the second text
1304 and may generate a third text of "Can you inform me of tomorrow's weather?". In
response to the third text, the speech recognition apparatus 300 may output information
1305 about tomorrow's weather to the screen, in response to the third text. The speech
recognition apparatus 300 may also output, to the screen, information 1303 indicating a
set time for maintenance of the session.

Referring to FIG. 13C, when speaker A utters "How about Suwon?" during
maintenance of the session, the speech recognition apparatus 300 may perform speech
recognition on a detected third speech signal. The speech recognition apparatus 300
may extract a fourth text of "How about Suwon?" from the third speech signal.

The speech recognition apparatus 300 may determine that speaker A of the third
speech signal is equal to the registered speaker A based on speaker information
generated from the third speech signal.

The speech recognition apparatus 300 may determine whether the third speech signal
was uttered by speaker A for speech recognition based on a result of performing
speech recognition on a previous speech signal.

The speech recognition apparatus 300 may analyze, by performing natural language
processing, a meaning of the fourth text extracted from the third speech signal that is a
speech signal being currently processed. The speech recognition apparatus 300 may
calculate a correlation between previous texts (i.e., the first through third texts) and the
fourth text based on the meanings of the first through third texts and the fourth text.
Based on the correlation between the previous texts and the fourth text, the speech
recognition apparatus 300 may determine whether speaker A uttered the third speech
signal so as to perform speech recognition.

Referring to FIG. 13C, the speech recognition apparatus 300 may determine that the
correlation between the previous texts and the fourth text is smaller than a threshold
value, and may determine that speaker A did not utter the third speech signal for
speech recognition. The speech recognition apparatus 300 may determine that speaker
A did not utter the third speech signal for speech recognition, and may not output the
fourth text extracted from the third speech signal. The speech recognition apparatus
300 may then maintain the session during only a remaining time of the session
maintenance period based on a result of determining whether the third speech signal

was uttered by speaker A for speech recognition, and after an elapse of the remaining
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time of the session maintenance period, the speech recognition apparatus 300 may
maintain the setting by which the session is ended. After the elapse of the session
maintenance period, the speech recognition apparatus 300 may output, to the screen,
information 1306 indicating an end of the session.

However, embodiments are not limited to the example illustrated in FIG. 13C and
thus, the speech recognition apparatus 300 may determine that the third speech signal
was uttered by speaker A for speech recognition. The speech recognition apparatus 300
may then output, to the screen, information corresponding to the request of the fourth
text extracted from the third speech signal. When too many pieces of information
which correspond to the request of the fourth text and can be provided in relation to
Suwon are found, the speech recognition apparatus 300 may compensate for the fourth
text. The speech recognition apparatus 300 may extract keywords of "Inform me of
weather” from a first text, and may compensate for the fourth text by using the
extracted keywords. The speech recognition apparatus 300 may compensate for the
fourth text and may generate a fifth text of "Can you inform me of weather in
Suwon?". The speech recognition apparatus 300 may output information about
tomorrow's weather to the screen in response to the fifth text.

FIGS. 14A, 14B, and 14C illustrate another example in which a speech recognition
apparatus outputs a result of speech recognition according to various embodiments of
the present disclosure.

Referring to FIG. 14A, when a session is activated and a speaker A utters "Can you
show me the way to Gangnam station?" for example, the speech recognition apparatus
300 may perform speech recognition on a detected first speech signal. The speech
recognition apparatus 300 may determine that speaker A of the first speech signal is
equal to a registered speaker A based on speaker information generated from the first
speech signal. The speech recognition apparatus 300 may then reset the session to be
maintained during a preset extended period based on a result of the determination.

In addition, the speech recognition apparatus 300 may output a result of the speech
recognition based on the result of the determination. The speech recognition apparatus
300 may output, to the screen, a first text 1401 of "Can you show me the way to
Gangnam station?" which is a result of performing the speech recognition from the
detected first speech signal, and in response to a question of showing the way to
Gangnam station, the speech recognition apparatus 300 may output, to the screen, in-
formation 1402 about the way to Gangnam station.

The speech recognition apparatus 300 may also output, to the screen, information
1403 indicating a set time for maintenance of the session.

Referring to FIG. 14B, when speaker A utters "Can you show me the location of Exit

no. 6?" during maintenance of the session, the speech recognition apparatus 300 may
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perform speech recognition on a detected second speech signal. The speech recognition
apparatus 300 may determine that speaker A of the second speech signal is equal to the
registered speaker A based on speaker information generated from the second speech
signal. The speech recognition apparatus 300 may then reset the session to be
maintained during a preset extended period based on a result of the determination.

The speech recognition apparatus 300 may output, to the screen, text 1404 indicating
"Can you show me the location of Exit no. 6?" which is a result of performing the
speech recognition on the second speech signal based on the result of the determination
that speaker A of the second speech signal is equal to the registered speaker A.

When too many pieces of information which correspond to the request of the second
text 1404 and can be provided in regard to Exit no. 6 are found, the speech recognition
apparatus 300 may compensate for the second text 1404. The speech recognition
apparatus 300 may extract keywords "Gangnam station"” from the first text 1401, and
may compensate for the second text 1404 by using the extracted keywords. The speech
recognition apparatus 300 may compensate for the second text 1404 and may generate
a third text of "Can you show me the location of Exit no. 6 of Gangnam station?". In
response to the third text, the speech recognition apparatus 300 may output information
1405 about the location of Exit no. 6 of Gangnam station to the screen in response to
the third text. The speech recognition apparatus 300 may also output, to the screen, in-
formation 1403 indicating a set time for maintenance of the session.

FIG. 14C illustrates a case of a conversation in which speaker A asks a question of
"How about eating something?" during maintenance of the session, and then a speaker
B says "Not sure" as a reply.

The speech recognition apparatus 300 may detect a third speech signal including the
question of "How about eating something?", and may perform speech recognition on
the third speech signal. The speech recognition apparatus 300 may extract a fourth text
of "How about eating something?" from the third speech signal.

The speech recognition apparatus 300 may determine that speaker A of the third
speech signal is equal to the registered speaker A based on speaker information
generated from the third speech signal.

The speech recognition apparatus 300 may determine, by performing natural
language processing, whether the third speech signal was uttered by the speaker A for
speech recognition. The speech recognition apparatus 300 may determine whether the
speaker A uttered the third speech signal so as to perform speech recognition based on
a correlation between previous texts (i.e., the first through third texts) and the fourth
text.

Referring to FIG. 14C, the speech recognition apparatus 300 may determine that the

correlation between the previous texts and the fourth text is smaller than a threshold
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value, and may determine that speaker A did not utter the third speech signal for
speech recognition. The speech recognition apparatus 300 may then not output the
fourth text extracted from the third speech signal based on a result of the deter-
mination.

The speech recognition apparatus 300 may maintain the session during only a
remaining time of the session maintenance period based on the result of determining
whether the third speech signal was uttered by speaker A for speech recognition, and
after an elapse of the remaining time of the session maintenance period, the speech
recognition apparatus 300 may maintain the setting by which the session is ended.

The speech recognition apparatus 300 may then detect a fourth speech signal
including the reply of "Not sure" uttered by speaker B, and may perform speech
recognition on the fourth speech signal.

The speech recognition apparatus 300 may determine that speaker B of the fourth
speech signal is not equal to the registered speaker A based on speaker information
generated from the fourth speech signal. The speech recognition apparatus 300 may
then maintain the session during only a remaining time of the session maintenance
period based on a result of the determination, and after an elapse of the remaining time
of the session maintenance period, the speech recognition apparatus 300 may maintain
the setting by which the session is ended. After the elapse of the session maintenance
period, the speech recognition apparatus 300 may output, to the screen, information
1406 indicating an end of the session.

As described above with reference to FIGS. 4 and 5, a speech recognition system
according to the present disclosure may include, but is not limited to, a speech
recognition apparatus or a speech recognition server which can independently
recognize and output speech. The speech recognition system may include the speech
recognition apparatus and the speech recognition server. The speech recognition
apparatus may be connected to the speech recognition server, may transmit information
about input speech to the speech recognition server, may receive a result of speech
recognition from the speech recognition server, and may output the result of speech
recognition.

FIG. 15 is a flowchart of operations in a speech recognition system including a
speech recognition apparatus and a speech recognition server according to an em-
bodiment of the present disclosure.

Referring to FIG. 15, a speech recognition apparatus 300-1 and a speech recognition
server 300-2 may respectively correspond to the speech recognition apparatus 231 and
the speech recognition server 232 illustrated in FIG. 2C. As illustrated in FIG. 2C, the
speech recognition apparatus and the speech recognition server may be connected to

each other in a wireless or wired manner, and may exchange data.
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In operation S1510, the speech recognition apparatus 300-1 may activate a session
based on a user input. In operation S1520, the speech recognition apparatus 300-1 may
receive an input of an audio signal during maintenance of the session, and in operation
S1530, the speech recognition apparatus 300-1 may transmit the input audio signal to
the speech recognition server 300-2.

In operation S1541, the speech recognition server 300-2 may receive the input audio
signal from the speech recognition apparatus 300-1, and may detect a speech signal
from the input audio signal. In operation S1543, the speech recognition server 300-2
may perform speech recognition on the detected speech signal, and in operation S1545,
the speech recognition server 300-2 may determine whether a speaker of the speech
signal is a registered speaker based on speaker information generated from the speech
signal. In operation S1547, the speech recognition server 300-2 may determine
whether to maintain the session of the speech recognition apparatus 300-1 based on a
result of the determination.

In operation S1547, when the speech recognition server 300-2 determines that the
speaker of the speech signal is the registered speaker, the speech recognition server
300-2 may maintain the session of the speech recognition apparatus 300-1. When the
speech recognition server 300-2 determines that the speaker of the speech signal is the
registered speaker, the speech recognition server 300-2 may maintain the session of the
speech recognition apparatus 300-1 during a preset extended period. When the speech
recognition server 300-2 determines that the speaker of the speech signal is not the
registered speaker, after an elapse of a remaining time of a session maintenance period,
the speech recognition server 300-2 may end the session of the speech recognition
apparatus 300-1.

In operation S1550, when the speech recognition server 300-2 determines that the
speaker of the speech signal is the registered speaker, the speech recognition server
300-2 may transmit a session management signal for maintaining the session and a
result of performing the speech recognition to the speech recognition apparatus 300-1.

In operation S1560, the speech recognition apparatus 300-1 may maintain the session
based on the received session management signal. In operation S1570, the speech
recognition apparatus 300-1 may set the session to be maintained during the preset
extended period and then ended after the extended period. The speech recognition
apparatus 300-1 may then output the result of performing the speech recognition.

However, embodiments are not limited to what is illustrated in FIG. 15. Some of the
operations in FIG. 15, such as the operations being performed by the speech
recognition server 300-2, may be performed by the speech recognition apparatus
300-1.

For example, at least one of operations S1541 and S1543 may be performed by the
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speech recognition apparatus 300-1. The speech recognition apparatus 300-1 may
detect the speech signal from the input audio signal, and may transmit the detected
speech signal to the speech recognition server 300-2. Alternatively, the speech
recognition apparatus 300-1 may transmit, to the speech recognition server 300-2, in-
formation related to a characteristic of the speech signal detected from the input audio
signal.

As another example, at least one of operations S1545 and S1547 may be performed
by the speech recognition apparatus 300-1. The speech recognition apparatus 300-1
may receive the result of the speech recognition from the speech recognition server
300-2, and may determine whether the speaker of the speech signal is the registered
speaker. The speech recognition apparatus 300-1 may then determine whether to
maintain the session based on a result of the determination.

FIG. 16 is a flowchart of operations in a speech recognition system according to an
embodiment of the present disclosure.

Referring to FIG. 16, a speech recognition system according to an embodiment may
include a plurality of speech recognition apparatuses (hereinafter, referred to as first
and second speech recognition apparatuses 300-1 and 300-3), and at least one speech
recognition server 300-2. The first speech recognition apparatus 300-1 and the second
speech recognition apparatus 300-3 may be remotely controlled through the speech
recognition server 300-2 or may share data with each other.

In operation S1610, the first speech recognition apparatus 300-1 may activate a
session based on a user input. In operation S1620, the first speech recognition
apparatus 300-1 may receive an input of an audio signal during maintenance of the
session, and in operation S1630, the first speech recognition apparatus 300-1 may
transmit the input audio signal to the speech recognition server 300-2.

In operation S1641, the speech recognition server 300-2 may receive the input audio
signal from the first speech recognition apparatus 300-1, and may detect a speech
signal from the input audio signal. In operation S1643, the speech recognition server
300-2 may perform speech recognition on the detected speech signal. In operation
51645, the speech recognition server 300-2 may determine whether a speaker of the
speech signal is a registered speaker based on speaker information generated from the
speech signal.

The speech recognition server 300-2 may determine whether to maintain the session
of the first speech recognition apparatus 300-1 based on a result of the determination in
operation S1645. In operation S1647, when the speech recognition server 300-2 de-
termines that the speaker of the speech signal is the registered speaker, the speech
recognition server 300-2 may control the plurality of speech recognition apparatuses to

maintain sessions of the plurality of speech recognition apparatuses during a preset
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extended period. When the speech recognition server 300-2 determines that the speaker
of the speech signal is not the registered speaker, after an elapse of a remaining time of
a session maintenance period, the speech recognition server 300-2 may end the session
of the first speech recognition apparatus 300-1.

In operation S1650, when the speech recognition server 300-2 determines that the
speaker of the speech signal is the registered speaker, the speech recognition server
300-2 may transmit a session management signal for maintaining the session and a
result of performing the speech recognition to the first speech recognition apparatus
300-1. In operation S1660, when the speech recognition server 300-2 determines that
the speaker of the speech signal is the registered speaker, the speech recognition server
300-2 may transmit a session management signal for activating and maintaining a
session to the second speech recognition apparatus 300-3.

In operation S1671, the first speech recognition apparatus 300-1 may maintain the
session based on the received session management signal. The first speech recognition
apparatus 300-1 may set the session to be maintained during the preset extended period
and then ended after the extended period. In operation S1680, the first speech
recognition apparatus 300-1 may output the result of performing the speech
recognition.

In operation S1673, the second speech recognition apparatus 300-3 may activate the
session and may maintain the session during a preset period based on the received
session management signal.

However, embodiments are not limited to what is illustrated in FIG. 16. Some of the
operations in FIG. 16, such as the operations being performed by the speech
recognition server 300-2, may be performed by at least one of the first speech
recognition apparatus 300-1 and the second speech recognition apparatus 300-3.

For example, at least one of operations S1641 and S1643 may be performed by the
first speech recognition apparatus 300-1. The first speech recognition apparatus 300-1
may detect the speech signal from the input audio signal, and may transmit the
detected speech signal to the speech recognition server 300-2. Alternatively, the first
speech recognition apparatus 300-1 may transmit, to the speech recognition server
300-2, information related to a characteristic of the speech signal detected from the
input audio signal.

As another example, at least one of operations S1645 and S1647 may be performed
by at least one of the first speech recognition apparatus 300-1 and the second speech
recognition apparatus 300-3. At least one of the first speech recognition apparatus
300-1 and the second speech recognition apparatus 300-3 may receive the result of the
speech recognition from the speech recognition server 300-2, and may determine

whether the speaker of the speech signal is the registered speaker. At least one of the
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first speech recognition apparatus 300-1 and the second speech recognition apparatus
300-3 may then determine whether to maintain the session based on a result of the de-
termination. At least one of the first speech recognition apparatus 300-1, the speech
recognition server 300-2, and the second speech recognition apparatus 300-3 may
transmit the session management signal and the result of performing the speech
recognition to at least one of the first speech recognition apparatus 300-1, the speech
recognition server 300-2, and the second speech recognition apparatus 300-3.

The operations in the speech recognition system according to the flowchart of FIG.
16 will now be described in detail with reference to FIGS. 17A and 17B.

FIGS. 17A and 17B illustrate examples in which a speech recognition system outputs
a result of speech recognition according to various embodiments of the present
disclosure.

FIGS. 17A and 17B illustrate examples in which the first speech recognition
apparatus 300-1 is a smartphone, and the second speech recognition apparatus 300-3 is
a smart TV. The first speech recognition apparatus 300-1 and the second speech
recognition apparatus 300-3 may be connected to a speech recognition server in a
wired or wireless manner. The speech recognition system illustrated in FIGS. 17A and
17B may be a part of a home network system.

Referring to FIG. 17A, when a speaker A in a main room utters "Hi, Galaxy, are
there ongoing baseball games?" for example, the first speech recognition apparatus
300-1 may activate a session based on a pre-stored call keyword of "Hi, Galaxy", and
may transmit a received input audio signal to the speech recognition server 300-2. The
speech recognition server 300-2 may then perform speech recognition on a detected
first speech signal. The speech recognition server 300-2 may determine that speaker A
of the first speech signal is equal to a registered speaker A based on speaker in-
formation generated from the first speech signal.

The speech recognition server 300-2 may then output a result of the speech
recognition to the first speech recognition apparatus 300-1 based on a result of the de-
termination. The first speech recognition apparatus 300-1 may output, to a screen, text
1701 of "Are there ongoing baseball games?" which is the result of performing the
speech recognition from the detected first speech signal, and may output, to the screen,
information 1702 about ongoing baseball games in response to the question of "Are
there ongoing baseball games?".

The speech recognition server 300-2 may control the session of the first speech
recognition apparatus 300-1 to be maintained during a preset extended period based on
a result of the determination. In addition, the speech recognition server 300-2 may
control both the first speech recognition apparatus 300-1 and a session of the second

speech recognition apparatus 300-3 shown in FIG. 17B, which is also connected to the
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speech recognition server 300-2, to be activated and maintained during the preset
extended period. The first speech recognition apparatus 300-1 and the second speech
recognition apparatus 300-3 may respectively output, to one or more displays or
screens, two pieces of information 1703 and 1706 indicating a reset time for
maintenance of the session.

While the session of the second speech recognition apparatus 300-3 is activated and
maintained, speaker A may move from the main room to a living room, and may utter
"Show me baseball channel” to the second speech recognition apparatus 300-3 po-
sitioned in the living room. Thus, after speaker A uttered a speech recognition
command with respect to the first speech recognition apparatus 300-1, the speaker A
does not have to perform an operation of activating a session of the second speech
recognition apparatus 300-3 so as to utter a speech recognition command with respect
to the second speech recognition apparatus 300-3.

The second speech recognition apparatus 300-3 may transmit an input audio signal
including the utterance of "Show me baseball channel” to the speech recognition server
300-2. The speech recognition server 300-2 may then perform speech recognition on a
detected second speech signal. The speech recognition server 300-2 may determine
that speaker A of the second speech signal is equal to the registered speaker A based
on speaker information generated from the second speech signal.

The speech recognition server 300-2 may output a result of the speech recognition to
the second speech recognition apparatus 300-3 based on a result of the determination.
The second speech recognition apparatus 300-3 may output, to the screen, text 1704 of
"Show me baseball channel” which is the result of performing the speech recognition
from the detected second speech signal. The second speech recognition apparatus
300-3 may also change channels to a channel 1705 that broadcasts a baseball game.

In the examples of FIGS. 17A and 17B, only speaker A who is the registered speaker
utters speech, but embodiments are not limited thereto and thus, a plurality of speakers
may be previously registered in the speech recognition system, and the speech
recognition system may store a plurality of pieces of information about the plurality of
registered speakers.

When at least one of the plurality of registered speakers continuously utters speech
with respect to at least one of a plurality of speech recognition apparatuses, sessions of
the plurality of speech recognition apparatuses may be maintained without an
operation of separately activating the sessions. The plurality of speech recognition ap-
paratuses may manage the sessions together and may output a same result of speech
recognition. Alternatively, the plurality of speech recognition apparatuses may manage
the sessions together and may separately output a result of speech recognition

according to each speaker.
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For example, when speaker A and a speaker B are both registered speakers and,
instead of speaker A, speaker B utters "Show me baseball channel” in the example of
FIG. 17B, the speech recognition apparatus 300 may output, in a serial or parallel
manner, the result of speech recognition with respect to the utterance of speaker A and
the result of speech recognition with respect to the utterance of speaker B.

For example, the first speech recognition apparatus 300-1 and the second speech
recognition apparatus 300-3 may sequentially output the result of speech recognition
with respect to the utterance of speaker A and the result of speech recognition with
respect to the utterance of speaker B.

While the sessions of the first speech recognition apparatus 300-1 and the second
speech recognition apparatus 300-3 are activated and maintained, the first speech
recognition apparatus 300-1 may receive, from speaker A, the utterance of "Are there
ongoing baseball games?". The first speech recognition apparatus 300-1 and the
second speech recognition apparatus 300-3 may output, to the screen, text of "Are
there ongoing baseball games?" which is a result of performing the speech recognition
from a speech signal of speaker A, and may output, to the screens, information about
ongoing baseball games in response to the question of "Are there ongoing baseball
games?".

While the sessions of the first speech recognition apparatus 300-1 and the second
speech recognition apparatus 300-3 are activated and maintained, the second speech
recognition apparatus 300-3 may receive, from speaker B, the utterance of "Show me
baseball channel”. The first speech recognition apparatus 300-1 and the second speech
recognition apparatus 300-3 may output, to the screen, text of "Show me baseball
channel" which is a result of performing the speech recognition from a speech signal of
speaker B. The first speech recognition apparatus 300-1 and the second speech
recognition apparatus 300-3 may also change channels to a channel that broadcasts a
baseball game in response to a request of showing baseball games.

As another example, the first speech recognition apparatus 300-1 and the second
speech recognition apparatus 300-3 may output, in a parallel manner, the result of
speech recognition with respect to the utterance of speaker A and the result of speech
recognition with respect to the utterance of speaker B.

The first speech recognition apparatus 300-1 may receive, from speaker A, the
utterance of "Are there ongoing baseball games?", and may output the result of
performing the speech recognition from the speech signal of speaker A. The second
speech recognition apparatus 300-3 may receive, from speaker B, the utterance of
"Show me baseball channel”, and may output the result of performing the speech
recognition from the speech signal of speaker B. That is, the first speech recognition

apparatus 300-1 and the second speech recognition apparatus 300-3 may manage the
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sessions together, but may separately output the results of speech recognition.

Referring to FIGS. 16, 17A, and 17B, the speech recognition system according to an
embodiment may determine whether to maintain sessions of a plurality of speech
recognition apparatuses in a house, based on speaker recognition, so that it is
convenient for a user to input a speech recognition command without separately
performing an operation of activating a session. Thus, when the user inputs a speech
recognition command with respect to two or more Internet of things (IoT) devices
included in a home network system, the user may seamlessly input the speech
recognition command with respect to the two or more loT devices even in different
places by using the speech recognition system according to an embodiment.

As described above, in the speech recognition system according to one or more em-
bodiments, only a result of speech recognition with respect to utterance of a registered
speaker is output via speaker verification, so that personalization of speech recognition
is possible in a personalized apparatus such as a smartphone. In addition, in the speech
recognition system according to one or more embodiments, the number of times that a
user unnecessarily activates a session is decreased, so that user convenience in using
the speech recognition system may be increased. In addition, in the speech recognition
system according to one or more embodiments, personalized speech recognition may
be possible for a user who considers personal information protection as important.

In these and other examples, the one or more embodiments of the present disclosure
can be written as computer programs and can be implemented in general-use digital
computers that execute the programs using a non-transitory, computer-readable
recording medium. In addition, a data structure used in embodiments of the present
disclosure can be written in a non-transitory, computer-readable recording medium
through various means. The one or more embodiments may be embodied as computer
readable code/instructions on a recording medium, e.g., a program module to be
executed in computers, which include computer-readable commands. For example,
methods that are implemented as software modules or algorithms may be stored as
computer readable codes or program instructions executable on a non-transitory,
computer-readable recording medium.

The computer-readable medium may include any recording medium that may be
accessed by computers, including but not limited to volatile and non-volatile medium,
and detachable and non-detachable medium. Examples of the computer-readable
medium include, but are not limited to, magnetic storage media (e.g., read-only
memory (ROM), floppy disks, hard disks, and the like), optical recording media (e.g.,
compact disc-ROM (CD-ROMs), or digital versatile disc (DVDs)), and the like. In
addition, the computer-readable medium may include a computer storage medium and

a communication medium.
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The non-transitory, computer-readable recording media can be distributed over
network coupled computer systems, and data stored in the distributed recording media,
e.g., a program command and code, may be executed by using at least one computer.

Throughout the specification, the term "unit", "module"”, and the like, may indicate a
hardware component such as a processor or a circuit, and/or may indicate a software
component that is executed by a hardware configuration such as a processor.

For example, "unit" or "module"” may include, by way of example, components, such
as software components, object-oriented software components, class components and
task components, processes, functions, attributes, procedures, subroutines, segments of
program code, drivers, firmware, microcode, circuitry, data, databases, data structures,
tables, arrays, and variables.

It will be obvious to one of ordinary skill in the art that the present disclosure may be
easily embodied in many different forms without changing the technical concept or
essential features of the disclosure. Thus, it should be understood that the embodiments
described herein should be considered in a descriptive sense only, and not for purposes
of limitation. For example, configuring elements that are singular forms may be
executed in a distributed fashion and also, configuring elements that are distributed
may be combined and then executed.

While the present disclosure has been shown and described with reference to various
embodiments thereof, it will be understood by those skilled in the art that various
changes in form and detail may be made therein without departing from the spirit and
scope of the present disclosure as defined by the appended claims and their

equivalents.
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Claims

A method of speech recognition, the method comprising:

activating a session for receiving an input of an audio signal;
performing speech recognition on a speech signal detected from the
input audio signal while the session is maintained;

determining whether a speaker of the speech signal is a registered
speaker based on speaker information generated from the speech signal;
determining whether to maintain the session based on a result of the de-
termination of whether the speaker of the speech signal is a registered
speaker; and

outputting a result of the speech recognition.

The method of claim 1, wherein the determining of whether to maintain
the session comprises:

maintaining the session when the speaker of the speech signal is the
registered speaker; and

ending the session when the speaker of the speech signal is not the
registered speaker.

The method of claim 1,

wherein the activating of the session comprises setting the session to be
maintained during a session maintenance period and then ended after
the session maintenance period, and

wherein the determining of whether to maintain the session comprises
resetting the session to be maintained during a preset extended period
and then ended after the preset extended period when the speaker of the
speech signal is the registered speaker.

The method of claim 1, wherein the performing of the speech
recognition comprises:

extracting, from the speech signal, a speech recognition feature vector
for robust speech recognition, and a speaker recognition feature vector
for robust speaker recognition;

generating the result of the speech recognition by performing the
speech recognition on the speech recognition feature vector; and
generating the speaker information by using the speaker recognition
feature vector.

The method of claim 4,

wherein the generating of the result of the speech recognition by

performing the speech recognition on the speech recognition feature
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vector is based on at least one of an acoustic model or a language
model, and

wherein the generating of the speaker information comprises:
extracting states posteriors based on at least one of the acoustic model
or the speech recognition feature vector; and

generating the speaker information by using the states posteriors and
the speaker recognition feature vector.

The method of claim 1, wherein the performing of the speech
recognition comprises:

segmenting the audio signal that is input in real-time into frame units
each having a preset length;

detecting the speech signal in the frame units comprising a first frame
by processing the segmented audio signal;

performing the speech recognition on the first frame of the speech
signal;

generating speaker information of the first frame by using states
posteriors with respect to the first frame, wherein the states posteriors
are extracted while the speech recognition is performed on the first
frame;

repeating operations of the speech recognition on each of the frame
units of the speech signal, wherein the frame units are sequentially
detected from the audio signal that is input in real-time; and
generating the speaker information.

The method of claim 1, wherein the determining of whether the speaker
of the speech signal is the registered speaker comprises:

calculating a similarity between the speaker information and pre-stored
registered speaker information about the registered speaker; and
determining whether the speaker of the speech signal is the registered
speaker based on a result of comparing the similarity with a preset
threshold value.

The method of claim 1, wherein the outputting of the result comprises:
performing natural language processing on a result of performing
speech recognition on a previous speech signal detected during the
session and a result of performing the speech recognition on the speech
signal;

determining whether the speech signal was uttered by the speaker for
speech recognition based on the natural language processing; and

outputting the result of the speech recognition based on a result of de-
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termining that the speech signal was uttered by the speaker for speech
recognition.

An apparatus for speech recognition, the apparatus comprising:

a receiver configured to receive an input audio signal while a session
for receiving an input of one or more audio signals is maintained;

a processor configured to:

detect a speech signal from the input audio signal,

perform speech recognition on the speech signal,

determine whether a speaker of the speech signal is a registered speaker
based on speaker information generated from the speech signal, and
determine whether to maintain the session based on a result of the de-
termination of whether the speaker of the speech signal is a registered
speaker; and

an output unit configured to output a result of the speech recognition.
The apparatus of claim 9, wherein the processor is further configured
to:

maintain the session when the speaker of the speech signal is the
registered speaker, and

end the session when the speaker of the speech signal is not the
registered speaker.

The apparatus of claim 9, wherein the processor is further configured
to:

set, before the receiver receives the input audio signal, the session to be
maintained during a session maintenance period and then ended after
the session maintenance period, and

reset, when the processor determines to maintain the session, the
session to be maintained during a preset extended period when the
speaker of the speech signal is the registered speaker and then ended
after the preset extended period.

The apparatus of claim 9, wherein the processor is further configured
to:

extract, from the speech signal, a speech recognition feature vector for
robust speech recognition and a speaker recognition feature vector for
robust speaker recognition,

perform the speech recognition on the speech recognition feature vector
based on at least one of an acoustic model or a language model,

extract states posteriors based on at least one of the acoustic model and

the speech recognition feature vector, and
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generate the speaker information by using the states posteriors and the
speaker recognition feature vector.

The apparatus of claim 9, wherein the processor is further configured
to:

segment the audio signal that is input in real-time into frame units each
having a preset length,

detect the speech signal in the frame units comprising a first frame by
processing the segmented audio signal,

perform the speech recognition on the first frame of the speech signal,
generate speaker information of the first frame by using states
posteriors with respect to the first frame, wherein the states posteriors is
extracted while the speech recognition is performed on the first frame,
repeat operations of performing the speech recognition on each of the
frame units of the speech signal, wherein the frame units are se-
quentially detected from the audio signal that is input in real-time, and
generate the speaker information.

The apparatus of claim 9, wherein the processor is further configured
to:

perform natural language processing on a result of performing speech
recognition on a previous speech signal detected during the session and
a result of performing the speech recognition on the speech signal;
determine whether the speech signal was uttered by the speaker for
speech recognition based on the natural language processing; and
output the result of the speech recognition based on a result of de-
termining that the speech signal was uttered by the speaker for speech
recognition.

A non-transitory, computer-readable recording medium having
recorded thereon at least one program comprising instructions that,
when executed by at least one processor, configure the at least one
processor to execute a speech recognition method by:

activating a session for receiving an input of an audio signal;
performing speech recognition on a speech signal detected from the
input audio signal while the session is maintained;

determining whether a speaker of the speech signal is a registered
speaker based on speaker information generated from the speech signal;
determining whether to maintain the session based on a result of the de-
termination of whether the speaker of the speech signal is a registered

speaker; and
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outputting a result of performing the speech recognition.
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