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(54) METHOD AND APPARATUS WITH SPEECH PROCESSING

(57) A processor-implemented method includes per-
forming speech recognition of a speech signal, generat-
ing a plurality of first candidate sentences as a result of
the performing of the speech recognition, identifying a
respective named entity in each of the plurality of first
candidate sentences, determining a standard expression
corresponding to the identified respective named entity
using phonemes of the corresponding named entity, de-
termining whether to replace the identified named entity
in each of the plurality of first candidate sentences with
the determined standard expression based on a similarity
between the named entity and the standard expression
corresponding to the named entity and determining a plu-
rality of second candidate sentences based on the de-
termination result; and outputting a final sentence select-
ed from the plurality of second candidate sentences.
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Description

BACKGROUND

1. Field

[0001] The following description relates to a method
and apparatus with speech processing.

2. Description of Related Art

[0002] Speech recognition technology recognizes a
speech of a user. Through the speech recognition, the
speech or audio output of the user is converted into text.
With developments in speech recognition technologies,
there is an increasing desire for users to issue voice com-
mands to devices.
[0003] However, optimal performance may not be
guaranteed due to limited learning data of models that
perform speech recognition, and the effects of ambient
noise that may affect the speech signal.

SUMMARY

[0004] This Summary is provided to introduce a selec-
tion of concepts in a simplified form that are further de-
scribed below in the Detailed Description. This Summary
is not intended to identify key features or essential fea-
tures of the claimed subject matter, nor is it intended to
be used as an aid in determining the scope of the claimed
subject matter.
[0005] In a general aspect, a processor-implemented
method includes performing speech recognition of a
speech signal, generating a plurality of first candidate
sentences as a result of the performing of the speech
recognition, identifying a respective named entity in each
of the plurality of first candidate sentences, determining
a standard expression corresponding to the identified re-
spective named entity using phonemes of the corre-
sponding named entity, determining whether to replace
the identified named entity in each of the plurality of first
candidate sentences with the determined standard ex-
pression based on a similarity between the named entity
and the standard expression corresponding to the named
entity and determining a plurality of second candidate
sentences based on the determination result; and out-
putting a final sentence selected from the plurality of sec-
ond candidate sentences.
[0006] The determining of the standard expression
may include determining a standard expression corre-
sponding to each respective named entity identified in
the identifying of the named entity based on an inverted
index search performed using phonemes included in the
corresponding named entity.
[0007] The determining of the standard expression
may include selecting a most similar standard expression
from a plurality of standard expressions based on a
number of included phonemes of the corresponding

named entity, and a determined level of importance of
the included phonemes, based on an inverted index table
of the plurality of standard expressions.
[0008] The inverted index table may be a table ob-
tained by indexing the plurality of standard expressions
based on a phoneme-based inverted indexing scheme.
[0009] The plurality of standard expressions may in-
clude an expression previously designated by the user.
[0010] The outputting of the final sentence may include
outputting a sentence among the second candidate sen-
tences that is determined to most accurately correspond
to the speech signal of the user as the final sentence
based on a language model trained based on the stand-
ard expression.
[0011] The determining of the standard expression
may include determining a domain of the speech signal
based on an analysis of the speech signal, and deter-
mining the standard expression corresponding to each
named entity from a plurality of standard expressions cor-
responding to the determined domain.
[0012] The domain of the speech signal may include
at least one of contacts, an application, a music title, and
a music artist respectively stored in a device of the user,
and/or at least one of contacts, applications, a music title,
and a music title respectively stored in another device.
[0013] The determining of the corresponding standard
expression may include determining k corresponding
standard expressions from a plurality of standard expres-
sions in a similarity order based on a number of included
phonemes of each named entity as identified in the iden-
tifying of the named entity, and a level of importance of
the included phonemes, determining whether a similarity
between the corresponding respectively named entity
and each of the k corresponding standard expressions
is greater than or equal to a threshold, and selecting j
most similar standard expressions from the standard ex-
pressions having similarities determined greater than or
equal to the threshold, where k is a natural number, and,
j is a natural number between 1 and k.
[0014] In each of the plurality of first candidate sen-
tences, one or both of the named entity and a domain of
the named entity may be identified based on a deter-
mined type of the corresponding first candidate sentence.
[0015] The generating of the plurality of first candidate
sentences may include generating N first candidate sen-
tences that have highest recognition rates based on the
speech recognition of the speech signal of the user,
where N is a natural number greater than or equal to 2.
[0016] The outputting of the final sentence may include
controlling an operation of a device of the user based on
the outputted final sentence.
[0017] The standard expression may be represented
in a one of a same language and a different language
when compared to a language in which the plurality of
first candidate sentences is represented.
[0018] The similarity may be a phoneme-based simi-
larity between each named entity and a corresponding
standard expression.
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[0019] The method may include capturing the speech
signal at a user device.
[0020] In a general aspect, a processing apparatus in-
cludes one or more processors configured to perform
speech recognition of a speech signal, generate a plu-
rality of first candidate sentences as a result of the per-
formed speech recognition, identify a respective named
entity in each of the plurality of first candidate sentences,
determine a standard expression corresponding to the
identified named entity using phonemes of the corre-
sponding named entity, determining whether to replace
the identified named entity in each of the plurality of first
candidate sentences with the determined standard ex-
pression based on a similarity between the named entity
and the standard expression corresponding to the named
entity and determine a plurality of second candidate sen-
tences based on the determination result; and output a
final sentence selected from the plurality of second can-
didate sentences.
[0021] The one or more processors may be configured
to determine a standard expression corresponding to
each respective named entity identified in the identifying
of the named entity based on an inverted index search
performed using phonemes included in the correspond-
ing named entity.
[0022] The one or more processors may be configured
to output a sentence among the second candidate sen-
tences that is determined to most accurately correspond
to the speech signal of the user as the final sentence
based on a language model trained based on the stand-
ard expression.
[0023] The one or more processors may be configured
to determine a domain of the speech signal based on an
analysis of the speech signal, and determine the stand-
ard expression corresponding to each named entity from
a plurality of standard expressions corresponding to the
determined domain.
[0024] The one or more processors may be configured
to determine k corresponding standard expressions from
a plurality of standard expressions in a similarity order
based on a number of included phonemes of each named
entity as identified in the identifying of the named entity,
and a level of importance of the included phonemes, de-
termine whether a similarity between the corresponding
respectively named entity and each of the k correspond-
ing standard expressions is greater than or equal to a
threshold, and select j most similar standard expressions
from the standard expressions having similarities deter-
mined greater than or equal to the threshold, where k is
a natural number, and, j is a natural number between 1
and k.
[0025] The apparatus may be any one of a smart
phone, a smart speaker, and an autonomous vehicle,
and further includes a communication interface that in-
cludes a microphone.
[0026] The apparatus may further include a communi-
cation interface configured to receive a speech signal of
a user.

[0027] In a general aspect, a processor-implemented
method includes generating a plurality of candidate sen-
tences as a result of performed speech recognition of a
speech signal, identifying a named entity in each of the
plurality of candidate sentences, determining a standard
expression corresponding to the identified named entity
using phonemes of the corresponding named entity; and
selectively maintaining the named entity in a final output-
ted sentence, corresponding to one of the candidate sen-
tences, based on a determined similarity between the
named entity and the standard expression corresponding
to the named entity.
[0028] In a general aspect, a speech processing ap-
paratus includes one or more processors configured to
acquire a speech signal of a user, generate a plurality of
candidate sentences as a result of performed speech
recognition of the received speech signal, identify a
named entity in each of the plurality of first candidate
sentences, determine a standard expression corre-
sponding to the identified named entity using phonemes
of the corresponding named entity; and selectively main-
tain the named entity in a final outputted sentence, cor-
responding to one of the candidate sentences, based on
a determined similarity between the named entity and
the standard expression corresponding to the named en-
tity.
[0029] In a general aspect, a processor-implemented
method includes performing a speech recognition oper-
ation on a speech signal, generating one or more first
candidate sentences as a result of the performed speech
recognition, determining one or more named entities from
the one or more recognized first candidate sentences,
determining a standard expression corresponding to
each of the one or more named entity, determining a
similarity between each of the one or more named entities
and the standard expression, generating a plurality of
second candidate sentences by changing at least one of
the named entities to the standard expression, or by
maintaining each of the named entities based on the de-
termined similarity, determining a final sentence from the
plurality of second candidate sentences based on a lan-
guage model, and outputting the determined final sen-
tence.
[0030] The similarity between each of the named en-
tities and the standard expression may be determined
based on phonemes.
[0031] Other features and aspects will be apparent
from the following detailed description, the drawings, and
the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0032]

FIG. 1 illustrates an example speech processing ap-
paratus, in accordance with one or more embodi-
ments.
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FIG. 2 illustrates an example speech processing ap-
paratus, in accordance with one or more embodi-
ments.

FIG. 3 illustrates an example of an inverted index, in
accordance with one or more embodiments.

FIG. 4 illustrates an example process of determining
candidate sentences, in accordance with one or
more embodiments.

FIG. 5 illustrates an example process of determining
candidate sentences, in accordance with one or
more embodiments.

FIG. 6 illustrates an example process determining a
plurality of standard expressions corresponding to
each named entity, in accordance with one or more
embodiments.

FIG. 7 illustrates an example determining of a stand-
ard expression based on a domain of a speech sig-
nal, in accordance with one or more embodiments.

FIG. 8 is a flowchart illustrating an example operation
of a speech processing apparatus, in accordance
with one or more embodiments.

FIG. 9 illustrates an example speech processing ap-
paratus, in accordance with one or more embodi-
ments.

FIG. 10 illustrates an example speech processing
method, in accordance with one or more embodi-
ments.

[0033] Throughout the drawings and the detailed de-
scription, unless otherwise described or provided, the
same drawing reference numerals will be understood to
refer to the same elements, features, and structures. The
drawings may not be to scale, and the relative size, pro-
portions, and depiction of elements in the drawings may
be exaggerated for clarity, illustration, and convenience.

DETAILED DESCRIPTION

[0034] The following detailed description is provided
to assist the reader in gaining a comprehensive under-
standing of the methods, apparatuses, and/or systems
described herein. However, various changes, modifica-
tions, and equivalents of the methods, apparatuses,
and/or systems described herein will be apparent after
an understanding of the disclosure of this application.
For example, the sequences of operations described
herein are merely examples, and are not limited to those
set forth herein, but may be changed as will be apparent
after an understanding of the disclosure of this applica-
tion, with the exception of operations necessarily occur-

ring in a certain order. Also, descriptions of features that
are known, after an understanding of the disclosure of
the application, may be omitted for increased clarity and
conciseness, noting that omissions of features and their
descriptions are also not intended to be admissions of
their general knowledge.
[0035] The features described herein may be embod-
ied in different forms, and are not to be construed as
being limited to the examples described herein. Rather,
the examples described herein have been provided
merely to illustrate some of the many possible ways of
implementing the methods, apparatuses, and/or systems
described herein that will be apparent after an under-
standing of the disclosure of this application.
[0036] As used herein, the term "and/or" includes any
one and any combination of any two or more of the as-
sociated listed items.
[0037] Although terms such as "first," "second," and
"third" may be used herein to describe various members,
components, regions, layers, or sections, these mem-
bers, components, regions, layers, or sections are not to
be limited by these terms. Rather, these terms are only
used to distinguish one member, component, region, lay-
er, or section from another member, component, region,
layer, or section. Thus, a first member, component, re-
gion, layer, or section referred to in examples described
herein may also be referred to as a second member,
component, region, layer, or section without departing
from the teachings of the examples.
[0038] Throughout the specification, when an element,
such as a layer, region, or substrate is described as being
"on," "connected to," or "coupled to" another element, it
may be directly "on," "connected to," or "coupled to" the
other element, or there may be one or more other ele-
ments intervening therebetween. In contrast, when an
element is described as being "directly on," "directly con-
nected to," or "directly coupled to" another element, there
can be no other elements intervening therebetween.
[0039] The terminology used herein is for the purpose
of describing various examples only, and is not to be
limiting of the examples. The articles "a," "an," and "the"
are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further
understood that the terms "comprises/comprising"
and/or "includes/including," when used herein, specify
the presence of stated features, numbers, operations,
members, elements, and/or combinations thereof, but do
not preclude the presence or addition of one or more
other features, numbers, operations, members, ele-
ments, and/or combinations thereof.
[0040] Unless otherwise defined, all terms, including
technical and scientific terms, used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which this disclosure pertains and after
an understanding of the disclosure of this application.
Terms, such as those defined in commonly used diction-
aries, are to be interpreted as having a meaning that is
consistent with their meaning in the context of the rele-
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vant art and the disclosure of this application, and are
not to be interpreted in an idealized or overly formal sense
unless expressly so defined herein.
[0041] FIGS. 1 and 2 illustrate example speech
processing apparatuses, in accordance with one or more
embodiments.
[0042] FIG. 1 illustrates an example of a speech
processing apparatus 100. The speech processing ap-
paratus 100 is an apparatus that processes a speech
signal of a user. The speech processing apparatus 100
may recognize an input speech signal and determine a
sentence corresponding to the speech signal. For exam-
ple, the user may utter "call sss" to speak with a friend
whose contact number is stored in a device. In a non-
limiting example, "ooo" may be a named entity included
in a recognized sentence or speech utterance, and may
refer to a name of the friend whose contact is stored in
a user terminal. Thus, the named entity is desirably rec-
ognized accurately. In another non-limiting example,
"ooo" may be a phone number or other indicia that iden-
tifies a particular individual. The speech recognition is
performed using a speech recognition model, so a named
entity in a sentence obtained as the speech recognition
result may be different from a stored expression due to
a limited amount of learning data used to train the speech
recognition model, e.g., independent of such stored ex-
pressions, and due to elements such as ambient noise
of the speech signal.
[0043] Here, the stored expression or entity may be an
expression or entity that is stored in, for example, the
contacts folder of a user terminal, and may be determined
by the user in advance. Thus, by replacing the named
entity included in the recognized sentence or speech ut-
terance with the typical expression, a final sentence to
which a user intention is correctly reflected may be de-
termined. Also, an operation that is based on the final
sentence or speech utterance may be performed subse-
quently. Additionally, the speech processing apparatus
100 may be applied to, as non-limiting examples, ma-
chine translation, machine interpretation, and a chatbot
system as well as the speech recognition according to
one or more embodiments.
[0044] In one example, the speech processing appa-
ratus 100 may be implemented as a separate apparatus,
for example, a remote server, that is different and sepa-
rate from a user terminal that is controlled by a user. As
an example, communication between the speech
processing apparatus 100 and the user terminal may be
performed through a wired and/or wireless network. The
speech signal of the user may be captured or received
at the user terminal, and transmitted from the user ter-
minal to the speech processing apparatus 100 through
a wired and/or wireless network. The final sentence de-
termined in the speech processing apparatus 100 may
then be transmitted to the user terminal.
[0045] In a non-limiting example, the user may provide
a voice command to interact with content displayed on
the user device. A microphone of the user device may

capture audio signals corresponding to the voice com-
mand, and may generate the corresponding speech sig-
nal. In an example, the speech data may be sent to the
remote server, which may perform speech recognition
on the speech signal. Alternately, the speech recognition
may be performed on the user device. The remote server,
or the user device, may utilize natural language process-
ing techniques based on the speech signal according to
one or more examples discussed herein, to determine
one or more intents that correspond to the voice com-
mand. The remote server, or the user device, may per-
form the named entity recognition to identify portions of
the speech data that correspond to a named entity that
may be recognizable by the remote server or the user
device according to one or more examples discussed
herein.
[0046] Additionally, an operation based on the final
sentence may be performed in the user terminal accord-
ing to one or more examples discussed herein. The user
terminal may include, as non-limiting examples, various
computing devices such as a smartphone, a personal
computer (PC), a tablet PC, and a laptop computer, var-
ious wearable devices such as a smartwatch and a smart
glass, various home appliances such as a smart speaker,
a smart TV, and a smart refrigerator, a smart car, a smart
kiosk, autonomous vehicles, robots, and an Internet of
Things (IoT) device. Examples include an artificial intel-
ligence (AI) assistant that controls the user terminal in
response to a voice command of the user may be imple-
mented through the speech processing apparatus 100.
[0047] In a non-limiting example, the speech process-
ing apparatus 100 and the user terminal may be imple-
mented as a single device, so that the speech processing
apparatus 100 may determine a final sentence by directly
collecting the speech signal of the user and performing
an operation thereof. The speech signal may be a speech
sequence including a single sentence, a speech se-
quence including a plurality of sentences, or the sentence
may be a phrase. Here, the use of the term "may" with
respect to an example or embodiment, e.g., as to what
an example or embodiment may include or implement,
means that at least one example or embodiment exists
where such a feature is included or implemented while
all examples and embodiments are not limited thereto.
[0048] Referring to FIG. 2, a speech processing appa-
ratus 200 may perform a speech recognition process 210
on a captured or received speech signal. The speech
recognition process 210 may be performed using a
speech recognition model in an encoder-decoder struc-
ture, for example.
[0049] The speech recognition model is a neural net-
work including a plurality of layers. The neural network
may be a deep neural network (DNN), as a non-limiting
example. The DNN may include a plurality of layers. For
example, the deep neural network may include an input
layer to which input data is applied, an output layer for
outputting a result derived through prediction based on
training and the input data, and a plurality of hidden layers
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for performing a neural network operation between the
input layer and the output layer. In such an example, the
DNN may be one or more of a fully connected network,
a convolution neural network, a recurrent neural network,
and the like, or may include different or overlapping neu-
ral network portions respectively with such full, convolu-
tional, or recurrent connections, according to an algo-
rithm used to process information. The neural network
may be configured to perform, as non-limiting examples,
speech recognition and voice recognition by mutually
mapping input speech or voice data and output speech
or voice data, e.g., in a nonlinear relationship based on
deep learning. Such deep learning is indicative of proc-
essor implemented machine learning schemes for solv-
ing issues, such as issues related to automated image
or speech recognition from a data set, as non-limiting
examples.
[0050] The neural network may include the encoder
and the decoder. The encoder may determine the context
information based on a feature vector extracted from a
given speech signal. The context information may be, for
example, a vector sequence which is summary informa-
tion containing a meaning of a speech signal and the like.
The decoder may generate a plurality of sentences cor-
responding to a speech recognition result based on the
context information. For example, the decoder may gen-
erate, e.g., as final results of the speech recognition, N
sentences having highest recognition rates of a speech
signal based on an N-best technique, N being a natural
number greater than or equal to 2. For convenience of
explanation, the N sentences resulting from the speech
recognition will be hereinafter merely referred to as "first
candidate" sentences.
[0051] The speech processing apparatus 200 may per-
form the following example operations for each of the
plurality of first candidate sentences. The speech
processing apparatus 200 may be, as non-limiting exam-
ples, a user device (for example, a smartphone, a PC, a
laptop, and/or an autonomous vehicle) or may alternately
be a server. The speech processing apparatus 200 may
identify a named entity for each of the first candidate sen-
tences using a named entity detector 220. For example,
the speech processing apparatus 200 may identify a
named entity based on a determined sentence type. The
speech processing apparatus 200 may retrieve a stand-
ard expression corresponding to the identified named en-
tity from a named entity database 230. The named entity
database 230 may include an inverted index table for a
plurality of standard expressions, so that a most similar
standard (or predetermined) expression is retrieved
based on a number of included phonemes included in
the identified named entity and a level of importance of
the included phonemes.
[0052] The speech processing apparatus may replace
a named entity in each first candidate sentence with a
standard expression corresponding to the named entity
in the first candidate sentence, or may maintain the
named entity based on a similarity between the named

entity in the first candidate sentence and the correspond-
ing standard expression, thereby performing a refine-
ment 240 to determine a second candidate sentence cor-
responding to each first candidate sentence. The simi-
larity between the named entity in the first candidate sen-
tence and the corresponding standard expression may
be determined based on a phoneme. By performing the
aforementioned operations for each of the plurality of first
candidate sentences, a plurality of second candidate
sentences may be determined.
[0053] The speech processing apparatus 200 may se-
lect a final sentence from the plurality of second candi-
date sentences by performing a rescoring process 250.
The rescoring process 250 may be performed using a
language model that is trained based on standard ex-
pressions. Through the rescoring process 250, a most
natural first candidate sentence that most accurately re-
flects content uttered by the user may be selected as the
final sentence from the plurality of second candidate sen-
tences. The language model may be implemented by the
speech processing apparatus 200 by, for example, one
or more processors of the speech processing apparatus
200 that stores the language model in memory of the
speech processing apparatus 200, along with all or some
related database information, as non-limiting examples.
For example, a memory of the speech processing appa-
ratus 200 may store instructions, which when executed
by the one or more processors configure the one or more
processors to implement the language model and one or
more or all operations described herein.
[0054] As such, the final sentence may be determined
by performing the rescoring 250 process on the plurality
of second candidate sentences determined by replacing
the named entity in each first candidate sentence with
the corresponding standard expression, or maintaining
the named entity based on a similarity between the
named entity and the corresponding standard expres-
sion. Additionally, by considering a fact that a quality of
a second candidate sentence acquired through the re-
finement 240 may be changed based on an N-best de-
coding result, a probability of selecting a better final sen-
tence may be maximized.
[0055] FIG. 3 illustrates an example of an inverted in-
dex, in accordance with one or more embodiments.
[0056] FIG. 3 illustrates an example of a grapheme-to-
phoneme (G2P) conversion process 310 and an inverted
index table 320. With respect to phonetic features, a do-
main-specific phonetic model may be applied to extract
the features. Specifically, a double metaphone or a G2P
model or algorithm may be applied to extract the phonetic
features. The G2P model is a neural machine translation
model that converts a group of input characters into pho-
nemes (phonetic units). Specifically, the G2P model may
be a sequence to sequence deep learning model.
[0057] The inverted index table 320 used for retrieving
a standard expression corresponding to a named entity
may be determined. Specifically, a plurality of standard
expressions may be collected.
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[0058] The plurality of standard expressions may be
predetermined refined names, and may include, for ex-
ample, a personalized name designated by a user and/or
a widely used general name. The personalized name
may include various names designated by the user, for
example, a given or birth name, a byname, a nickname,
and the like and stored in the contacts folder of a user
terminal, and a given or birth name, a byname, a nick-
name, or a determined name of another device (e.g.,
smart home appliances, IoT devices, etc.) registered for
the user. The general name may include various generic
names designated by a manufacturer, a developer, and
an artist other than the user, for example, a name of an
application installed in the user terminal, a music artist,
and a music title. The plurality of standard or generic
expressions may be collected before a standard expres-
sion corresponding to a named entity is retrieved. In some
examples, the plurality of standard expressions may be
updated periodically or in response to the occurrence of
a predetermined event.
[0059] Each standard expression may be converted
into one or more phonemes based on the G2P conver-
sion. For example, a standard expression "John Lennon"
may be converted into phonemes "c0 oo 11 rr ee nn oo
nf", and a standard expression "Colleen McCauley" is
converted into phonemes "kh oo 11 rr ii nf mm qq kh oo
11 rr ii."
[0060] Additionally, the inverted index table 320 may
be determined using the phonemes acquired through the
G2P conversion as keys and using the corresponding
standard expression as a value. For example, each of
the phonemes "c0 oo 11 rr ee nn oo nf" of the standard
expression "John Lennon" is a key, and the standard
expression "John Lennon" is a value corresponding to
the key. Similarly, each of the phonemes "kh oo 11 rr ii
nf mm qq kh oo 11 rr ii" of the standard expression "Col-
leen McCauley" is a key, and the standard expression
"Colleen McCauley" is a value corresponding to the key.
When the determined inverted index table 320 is
searched using the phoneme "c0" as a keyword, all
standard expressions including the phoneme "c0", for
example, the standard expression "John Lennon" may
be retrieved. Additionally, when the determined inverted
index table 320 is searched using the phoneme "oo" as
a keyword, all standard expressions including the pho-
neme "oo", for example, the standard expressions "John
Lennon" and "Colleen McCauley" may be retrieved.
[0061] When the speech processing apparatus se-
lects, from the inverted index table 320, a standard ex-
pression corresponding to a named entity "John Lennon"
identified in a first candidate sentence, the named entity
"John Lennon" is converted into a plurality of phonemes
"c0 oo 11 rr ee nn oo nf" through a G2P conversion.
Additionally, on the basis of an inverted index search
performed using the plurality of phonemes "c0 oo 11 rr
ee nn oo nf" as a keyword, a most similar standard ex-
pression may be selected based on the included number
of the phonemes and an importance of the included pho-

nemes.
[0062] For example, in the inverted index search per-
formed using the plurality of phonemes "c0 oo 11 rr ee
nn oo nf" as a keyword, "Colleen McCauley" is matched
five times and "John Lennon" is matched eight times,
which is the largest number of matchings, so that the
standard expression "John Lennon" is selected.
[0063] As such, by indexing the plurality of standard
expressions based on phonemes in advance, a high re-
trieval speed may be maintained even for a large number
of searches having numerous named entities for search-
ing.
[0064] FIGS. 4 and 5 illustrate examples of a process
of determining second candidate sentences, respectively
in accordance with one or more embodiments.
[0065] Referring to FIG. 4, a plurality of second candi-
date sentences may be determined from a multilingual
speech signal. In the example of FIG. 4, it is assumed
that a user utters a speech signal including, for example,
an English name in the Korean language.
[0066] In operation 410, four first candidate sentences
having the highest recognition rates may be determined
through a speech recognition of a speech signal. Since
the user utters the speech signal in the Korean language,
the entire speech signal including the English name may
be recognized based on the Korean language. Since the
English name is speech-recognized based on the Korean
language, a recognition rate of the English name is rel-
atively low as illustrated in FIG. 4. In some examples,
spacing may also be incorrectly recognized.
[0067] A named entity is identified in each of the four
first candidate sentences in operation 410. For ease of
description, the identified named entity is underlined as
shown in FIG. 4. In other words, "Colleen Nacolley", "Col-
leen Nae Colley", "Colleen Nae Quali", and "Curling Nac-
curine" are identified as named entities in the first candi-
date sentences.
[0068] In operation 420, the named entity is converted
into a plurality of phonemes through the G2P conversion.
For example, a named entity "Colleen Nacolley" is con-
verted into phonemes "kh oo 11 rr ii nf nn qq kh oo 11 rr
ii", a named entity "Colleen Nae Colley" is converted into
phonemes "kh oo 11 rr ii nf nn qq kh oo 11 rr ii", a named
entity "Colleen Nae Quali" is converted into phonemes
"kh oo 11 rr ii nf nn qq kk oo 11 rr ii", and a named entity
"Curling Naccurine" is converted into phonemes "kh vv
11 rr ii ng nn qq kf kh vv rr ii nf".
[0069] In operation 430, a standard expression corre-
sponding to each named entity is retrieved using pho-
nemes of the corresponding named entity. An inverted
index search using the phonemes included in the named
entity as a keyword is performed, so that a standard ex-
pression corresponding to each named entity is retrieved.
For example, an inverted index table of a plurality of
standard expressions is used to obtain k standard ex-
pressions from the plurality of standard expressions in a
similarity order based on a number of included phonemes
of each named entity and an importance of the included
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phonemes, k being a natural number. In this example, a
term frequency-inverse document frequency (TF-
IDF)-based search is used. In "TF-IDF", TF denotes the
number of phonemes of the corresponding named entity
included in each standard expression and IDF denotes
an importance of each of the phonemes.
[0070] In the example of FIG. 4, in operation 430, "Col-
leen McCauley" and "Karen Downey" are sequentially
retrieved as two standard expressions corresponding to
the four named entities. In some examples, a standard
expression corresponding to each named entity and/or
an order of standard expressions may vary. In the exam-
ple of FIG. 4, for ease of description, it is assumed that
a same search result is obtained for the four named en-
tities.
[0071] In operation 440, from standard expressions
corresponding to each named entity, one most similar
standard expression to the corresponding named entity
may be selected. For the selection, a phoneme-based
similarity between a named entity and a standard expres-
sion is determined. The similarity may be determined
based on an edit distance of phoneme sequences for
each of the named entities and the standard expression.
As the edit distance of the phoneme sequences decreas-
es, a higher similarity may be determined.
[0072] In an example of the named entity "Colleen Na-
colley", a first similarity between the named entity "Col-
leen Nacolley" and the standard expression "Colleen Mc-
Cauley" is determined based on an edit distance between
a phoneme sequence of "Colleen Nacolley" and a pho-
neme sequence of "Colleen McCauley." Additionally, a
second similarity between the named entity "Colleen Na-
colley" and the standard expression "Karen Downey" is
determined based on an edit distance between a pho-
neme sequence of "Colleen Nacolley" and a phoneme
sequence of "Karen Downey". The first similarity is great-
er than the second similarity. The standard expression
"Colleen McCauley" is selected as a standard expression
corresponding to the named entity "Colleen Nacolley."
Likewise, the aforementioned operation may be per-
formed on the remaining first candidate sentences.
[0073] In operation 450, a determination is made
whether a similarity between each named entity and a
corresponding standard expression is greater than, or
equal to, a threshold. When the similarity is greater than
or equal to the threshold, for example, when a condition
check has passed, the named entity is changed to a cor-
responding standard expression in a corresponding first
candidate sentence. Conversely, when the similarity is
less than the threshold, for example, when the condition
check has failed, the named entity is maintained in the
first candidate sentence without replacement with the
corresponding standard expression.
[0074] Through such refinement, four second candi-
date sentences may be determined. A language model-
based rescoring may be performed on the four second
candidate sentences. Through the rescoring process,
one final sentence may be determined, and then output

as a final speech recognition result.
[0075] Accordingly, by converting a named entity in-
cluded in each first candidate sentence into phonemes
through a G2P conversion process, retrieving a corre-
sponding standard expression from an inverted index ta-
ble using the phonemes of the named entity, determining
a similarity between the retrieved standard expression
and the named entity based on phonemes, and deter-
mining whether to replace the named entity with the
standard expression, a speech recognition robust to a
spacing error and a multilingual recognition error, which
may occur in the speech recognition, may be achieved.
[0076] Referring to FIG. 5, a plurality of second candi-
date sentences may be determined from a monolingual
speech signal. In the example of FIG. 5, it is assumed
that a user utters a speech signal including an English
name in the English language.
[0077] In operation 510, N first candidate sentences
having the highest recognition rates may be determined
based on speech recognition of a speech signal. Al-
though FIG. 5 illustrates one of the N first candidate sen-
tences for ease of description, the following description
is also applicable to the remaining first candidate sen-
tences.
[0078] A named entity may be identified in a speech-
recognized first candidate sentence. For ease of descrip-
tion, the identified named entity is underlined as illustrat-
ed in FIG. 5. For example, "Choline McCauley" is iden-
tified in the corresponding first candidate sentence.
[0079] In operation 520, the identified named entity is
converted into a plurality of phonemes through a G2P
conversion. In an example, the named entity "Choline
McCauley" is converted into phonemes "kh oo 11 rr ii nf
nn qq kh oo 11 rr ii."
[0080] In operation 530, a standard expression corre-
sponding to the named entity may be retrieved using the
phonemes of the named entity. An inverted index search
may be performed using the phonemes included in the
named entity as a keyword or search query. As a result,
among a plurality of standard expressions, k standard
expressions are obtained in a similarity order based on
a number of included phonemes of the named entity and
an importance of the included phonemes. In the example
of FIG. 5, two standard expressions corresponding to the
named entity "Choline McCauley" are retrieved in an or-
der of "Colleen McCauley" and "Karen Downey".
[0081] In operation 540, from standard expressions
corresponding to the named entity, a standard expres-
sion that is most similar to the named entity may be se-
lected. The selecting may be performed based on a pho-
neme-based similarity between the named entity and the
standard expression. The similarity may be determined
based on an edit distance of phoneme sequences for the
named entity and the standard expression.
[0082] In an example, based on an edit distance be-
tween a phoneme sequence of the named entity "Choline
McCauley" and a phoneme sequence of the standard
expression "Colleen McCauley", a first similarity there-
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between is determined. Additionally, based on an edit
distance between a phoneme sequence of the named
entity "Choline McCauley" and a phoneme sequence of
the standard expression "Karen Downey", a second sim-
ilarity 2 therebetween is determined. The first similarity
may be determined to be greater than the second simi-
larity. The standard expression "Colleen McCauley" is
then selected as a standard expression corresponding
to the named entity "Choline McCauley."
[0083] In operation 550, a condition check is performed
based on whether a similarity between the named entity
and the selected standard expression is greater than, or
equal to, a threshold. When the similarity is greater than,
or equal to, the threshold, the named entity is changed
to the selected standard expression in the first candidate
sentence. Conversely, when the similarity is less than
the threshold, the named entity is maintained in the first
candidate sentence without replacement with the select-
ed standard expression. Through such refinement, a sec-
ond candidate sentence may be determined.
[0084] The aforementioned operations are performed
for each of the N first candidate sentences obtained
through the speech recognition, so that N second candi-
date sentences are determined. Among them, one final
first candidate sentence is determined through a lan-
guage model-based rescoring, and then output as a final
speech recognition result.
[0085] FIG. 6 illustrates an example of a plurality of
standard expressions corresponding to each named en-
tity, in accordance with one or more embodiments.
[0086] FIG. 6 illustrates an example of a process of
determining a sentence among M second candidate sen-
tences 640 determined from a speech signal 610 of a
user, to be a final sentence 650.
[0087] N recognized first candidate sentences 620 are
determined by performing a speech recognition on the
speech signal 610 of the user. Additionally, N named
entities 630 are determined by identifying a named entity
in each of the N recognized first candidate sentences
620. The following operation will be described for each
named entity for brevity.
[0088] In an example of a named entity 1, k standard
expressions corresponding to the named entity 1 may be
retrieved. A similarity between the named entity 1 and
each of the k standard expressions is determined. A de-
termination is made whether the determined similarity is
greater than, or equal to, a threshold. From the standard
expressions of which the determined similarity is greater
than or equal to the threshold, j standard expressions are
selected in a descending order of similarities, where j is
a natural number between 1 and k. In the example of
FIG. 6, since similarities 1-1 through a 1-k are greater
than or equal to the threshold, the j standard expressions
are selected from the standard expressions 1-1 through
1-k in the descending order of similarities. In FIG. 6, the
descending order of similarities is represented by num-
bers in circles. The named entity is replaced with each
of the j standard expressions, so that j second candidate

sentences are generated in operation 640.
[0089] In an example of a named entity 2, k standard
expressions corresponding to the named entity 2 are re-
trieved. A similarity between the named entity 2 and each
of the k standard expressions is determined. A determi-
nation is then made whether the determined similarity is
greater than, or equal to, a threshold. In FIG. 6, a similarity
less than the threshold is represented by an "X" mark.
From standard expressions having similarities greater
than or equal to the threshold, j standard expressions are
selected in a descending order of similarities. When a
number of the standard expressions having similarities
greater than or equal to the threshold is less than j, a
standard expression having a similarity less than the
threshold, for example, a standard expression 2-2 may
be selected. In this example, since the similarity of the
standard expression 2-2 is less than the threshold, a sec-
ond candidate sentence including the named entity 2 is
determined without replacement with the standard ex-
pression 2-2.
[0090] The aforementioned operation may then be per-
formed for the remaining entities, so that the M second
candidate sentences 640 is determined. M is determined
according to "N x j". Through a language model-based
rescoring, one of the M second candidate sentences 640
is selected as the final sentence 650 to be output.
[0091] FIG. 7 illustrates an example of determining a
standard expression based on a domain of a speech sig-
nal, in accordance with one or more embodiments.
[0092] Referring to FIG. 7, a plurality of standard ex-
pressions may be classified based on a domain. The do-
main refers to an area to which a specific standard ex-
pression belongs and includes, for example, contacts
stored in a user terminal, an application, another device
(e.g., a smart appliance, an IoT device, etc.) related to a
user, a music title, and a music artist. The above-de-
scribed inverted index table is generated separate for
each domain. For example, an inverted index table of a
contacts domain is determined based on a plurality of
standard expressions corresponding to contacts stored
in a user terminal, and an inverted index table of a music
artist domain is determined based on a plurality of stand-
ard expressions corresponding to a music artist. As such,
the inverted index table is generated based on a number
of domains.
[0093] In the example of FIG. 7, "Michael Jessen" is
identified as a named entity in an uttered first candidate
sentence 720 corresponding to a speech recognition re-
sult of a speech signal 710. A standard expression cor-
responding to the named entity "Michael Jessen" may
then be retrieved. In this example, a search is performed
on the plurality of standard expressions belonging to a
domain of the speech signal 710. The speech signal 710
may be, for example, a telephone call made by a user to
an acquaintance of which a contact number is stored in
a user terminal of the user. Based on the speech signal
710, a domain is determined to be the contacts domain.
Therefore, a search is performed on a plurality of stand-
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ard expressions in a contacts domain 733 to obtain a
standard expression corresponding to the named entity
"Michael Jessen." As a result, a most similar standard
expression "Michael Jason" to the named entity "Michael
Jessen" is retrieved. When a similarity between the
named entity "Michael Jessen" and the standard expres-
sion "Michael Jason" is greater than, or equal to, a thresh-
old, a second candidate sentence 740, obtained by re-
placing the named entity "Michael Jessen" with the stand-
ard expression "Michael Jason" in the first sentence 720,
is determined.
[0094] In an example, when the speech signal 710 is
"play Michael Jessen music", a domain of the speech
signal 710 is determined to be a music artist domain, so
that a search is performed on a music artist domain 731
to obtain a standard expression corresponding to the
named entity "Michael Jessen." As a result, a most similar
standard expression "Michael Jackson" to the named en-
tity "Michael Jessen" may be retrieved.
[0095] As such, by searching for a standard expression
corresponding to a named entity retrieved from a speech
signal 710 based on a determined domain, a speech rec-
ognition result with a high-level accuracy consistent with
a user intention may be achieved.
[0096] FIG. 8 is a flowchart illustrating an example of
an operation of a speech processing apparatus, in ac-
cordance with one or more embodiments. The operations
in FIG. 8 may be performed in the sequence and manner
as shown. Many of the operations shown in FIG. 8 may
be performed in parallel or concurrently. One or more
blocks of FIG. 8, and combinations of the blocks, can be
implemented by special purpose hardware-based com-
puter that perform the specified functions, or combina-
tions of special purpose hardware and computer instruc-
tions. In addition to the description of FIG. 8 below, the
descriptions of FIGS. 1-7 are also applicable to FIG. 8,
and are incorporated herein by reference. Thus, the
above description may not be repeated here.
[0097] Referring to FIG. 8, the following operations are
performed in a processor included in a speech process-
ing apparatus. In the examples, a "processor" may mean
one or more processors, and a "memory" may mean one
or more memories.
[0098] In operation 810, the speech processing appa-
ratus generates N first candidate sentences by perform-
ing a speech recognition process on an inputted speech
signal of a user, N being a natural number greater than,
or equal to, 2. The speech processing apparatus may
generate the N first candidate sentences by implement-
ing an N-best technique and a speech recognition model
of an encoder-decoder structure.
[0099] Operations 820 through 850 are performed for
each of the N first candidate sentences and, for ease of
description, each operation will be described based on
a description of one first candidate sentence.
[0100] In operation 820, the speech processing appa-
ratus identifies a named entity in a first candidate sen-
tence. The named entity is an entity that is represented

by a real name, and includes, as non-limiting examples,
a name of a person, an application name, a music title,
and a music artist. The speech processing apparatus
identifies a named entity in a first candidate sentence
based on a type of first candidate sentence. For example,
when a type of a first candidate sentence is "call sss",
the speech processing apparatus identifies "sss" in the
first candidate sentence as a named entity. Similarly,
when the types of first candidate sentences are "play ΔΔΔ
music" and "execute hhh application", the speech
processing apparatus identifies "ΔΔΔ" and "hhh" in the
first candidate sentences as named entities. Additionally,
various first candidate sentence types may be applied
without limitation.
[0101] In operation 830, the speech processing appa-
ratus determines k standard expressions corresponding
to the identified named entity among a plurality of stand-
ard expressions using phonemes of the named entity,
where k is a natural number.
[0102] In operation 840, the speech processing appa-
ratus determines whether the k standard expressions in-
clude a standard expression of which a similarity with the
named entity is greater than, or equal to, a threshold.
The similarity may be determined based on a phoneme-
based edit distance. When the standard expression hav-
ing the similarity greater than or equal to the threshold is
present, operation 850 is performed. Conversely, when
the standard expression having the similarity greater than
or equal to the threshold is absent, second candidate
sentences in which the named entity is maintained with-
out replacement with a standard expression are deter-
mined, and then operation 860 is performed.
[0103] In operation 850, the speech processing appa-
ratus determines j second candidate sentences by re-
placing corresponding named entities with j most similar
standard expressions among standard expressions hav-
ing similarities greater than or equal to the threshold,
where j is a natural number between 1 and k. When a
number of the standard expressions that have similarities
greater than or equal to the threshold is less than j, a
second candidate sentence in which the named entity is
maintained without replacement with a standard expres-
sion may also be determined.
[0104] In operation 860, a verification process where
the speech processing apparatus verifies whether a
named entity is to be replaced with a standard first can-
didate sentence is performed on the N first candidate
sentences generated as a speech recognition result.
When the N first candidate sentences include a first can-
didate sentence on which the determination of whether
a named entity is to be replaced with a standard first
candidate sentence is not performed, operation 820 is
performed on the corresponding first candidate sen-
tence. When the N first candidate sentences do not in-
clude such a sentence, operation 870 is performed.
[0105] In operation 870, the speech processing appa-
ratus may select one of M second candidate sentences
as a final sentence and output the final sentence. When
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selecting the final sentence, a language model trained
based on standard expressions may be used.
[0106] Since the description of FIGS. 1 through 7 ap-
plies to the aforementioned operations of FIG. 8, repeat-
ed description will be omitted.
[0107] FIG. 9 illustrates an example of a speech
processing apparatus.
[0108] Referring to FIG. 9, a speech processing appa-
ratus 900 may include one or more memories 910, one
or more processors 920, and an input and output (I/O)
interface 930 configured to receive speech input data of
a user. The one or more memories 910, the one or more
processors 920, and the I/O interface 930 communicate
through a bus 940. In the examples, reference to "a proc-
essor" may mean one or more processors, and reference
to a "memory" may mean one or more memories.
[0109] In an example, the input/output interface 930
may be a display that receives an input from a user, or
that provides an output. In an example, the input/output
interface 930 may function as an input device, and may
capture or receive an input from a user through an input
method, for example, a voice input. Thus, the input/output
interface 603 may include, as non-limiting examples, a
microphone, and other devices that may detect an input
from a user and transmit the detected input to the proc-
essor 920.
[0110] In an example, the speech recognition appara-
tus 900 may further store instructions, for example, in
memory 910, which when executed by the processor 920
configure the processor 920 to implement such one or
more or any combination of operations. In an example,
the speech recognition apparatus 900 may be configured
as hardware may include, as non-limiting examples, a
microprocessor, a central processing unit, a processor
core, a multi-core processor, a multiprocessor, an appli-
cation-specific integrated circuit (ASIC), and a field pro-
grammable gate array (FPGA).
[0111] The memory 910 is a volatile memory or a non-
volatile memory.
[0112] The processor 920 is a device for executing in-
structions or programs, or controlling the speech
processing apparatus 900. The processor 920 includes,
for example, a central processing unit (CPU) and graph-
ics processing unit (GPU). The speech processing ap-
paratus 900 may be connected to an external device, for
example, a microphone and a keyboard, through the I/O
interface 930, to receive an input first candidate sentence
of a user or output a response first candidate sentence.
In addition, the speech processing apparatus 900 may
perform the operations described above.
[0113] FIG. 10 illustrates an example of a speech
processing method, in accordance with one or more em-
bodiments. The operations in FIG. 10 may be performed
in the sequence and manner as shown. Many of the op-
erations shown in FIG. 10 may be performed in parallel
or concurrently. One or more blocks of FIG. 10, and com-
binations of the blocks, can be implemented by special
purpose hardware-based computer that perform the

specified functions, or combinations of special purpose
hardware and computer instructions. In addition to the
description of FIG. 10 below, the descriptions of FIGS.
1-9 are also applicable to FIG. 10, and are incorporated
herein by reference. Thus, the above description may
not be repeated here.
[0114] Referring to FIG. 10, a speech processing meth-
od is performed in a processor included in a speech
processing apparatus.
[0115] In operation 1010, the speech processing ap-
paratus may generate a plurality of first candidate sen-
tences in response to a speech recognition process being
performed on a speech signal of a user. In operation
1020, the speech processing apparatus may identify a
named entity in each of the plurality of first candidate
sentences. In operation 1030, the speech processing ap-
paratus may determine a standard expression corre-
sponding to the identified named entity using phonemes
of the corresponding named entity. In operation 1040,
the speech processing apparatus may determine a plu-
rality of second candidate sentences by replacing a
named entity of each of the plurality of first candidate
sentences with a standard expression corresponding to
the named entity, or otherwise maintaining the named
entity based on a determined similarity between the
named entity and the standard expression corresponding
to the named entity. In operation 1050, the speech
processing apparatus may output a final sentence se-
lected from the plurality of second candidate sentences.
[0116] Since the description of FIGS. 1 through 9 ap-
plies to the aforementioned operations of FIG. 10, re-
peated description will be omitted.
[0117] The neural network apparatuses, speech
processing apparatus 100, corresponding processors,
memories, and processor 920, memory 910, input/out
interface 930, and other devices, and other components
described herein are implemented as and by hardware
components. Examples of hardware components that
may be used to perform the operations described in this
application where appropriate include controllers, sen-
sors, generators, drivers, memories, comparators, arith-
metic logic units, adders, subtractors, multipliers, divid-
ers, integrators, and any other electronic components
configured to perform the operations described in this
application. In other examples, one or more of the hard-
ware components that perform the operations described
in this application are implemented by computing hard-
ware, for example, by one or more processors or com-
puters. A processor or computer may be implemented
by one or more processing elements, such as an array
of logic gates, a controller and an arithmetic logic unit, a
digital signal processor, a microcomputer, a programma-
ble logic controller, a field-programmable gate array, a
programmable logic array, a microprocessor, or any oth-
er device or combination of devices that is configured to
respond to and execute instructions in a defined manner
to achieve a desired result. In one example, a processor
or computer includes, or is connected to, one or more
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memories storing instructions or software that are exe-
cuted by the processor or computer. Hardware compo-
nents implemented by a processor or computer may ex-
ecute instructions or software, such as an operating sys-
tem (OS) and one or more software applications that run
on the OS, to perform the operations described in this
application. The hardware components may also access,
manipulate, process, create, and store data in response
to execution of the instructions or software. For simplicity,
the singular term "processor" or "computer" may be used
in the description of the examples described in this ap-
plication, but in other examples multiple processors or
computers may be used, or a processor or computer may
include multiple processing elements, or multiple types
of processing elements, or both. For example, a single
hardware component or two or more hardware compo-
nents may be implemented by a single processor, or two
or more processors, or a processor and a controller. One
or more hardware components may be implemented by
one or more processors, or a processor and a controller,
and one or more other hardware components may be
implemented by one or more other processors, or anoth-
er processor and another controller. One or more proc-
essors, or a processor and a controller, may implement
a single hardware component, or two or more hardware
components. A hardware component may have any one
or more of different processing configurations, examples
of which include a single processor, independent proc-
essors, parallel processors, single-instruction single-da-
ta (SISD) multiprocessing, single-instruction multiple-da-
ta (SIMD) multiprocessing, multiple-instruction single-
data (MISD) multiprocessing, and multiple-instruction
multiple-data (MIMD) multiprocessing.
[0118] The methods that perform the operations de-
scribed in this application, and illustrated in FIGS. 1-10,
are performed by computing hardware, for example, by
one or more processors or computers, implemented as
described above executing instructions or software to
perform the operations described in this application that
are performed by the methods. For example, a single
operation or two or more operations may be performed
by a single processor, or two or more processors, or a
processor and a controller. One or more operations may
be performed by one or more processors, or a processor
and a controller, and one or more other operations may
be performed by one or more other processors, or an-
other processor and another controller, e.g., as respec-
tive operations of processor implemented methods. One
or more processors, or a processor and a controller, may
perform a single operation, or two or more operations.
[0119] Instructions or software to control computing
hardware, for example, one or more processors or com-
puters, to implement the hardware components and per-
form the methods as described above may be written as
computer programs, code segments, instructions or any
combination thereof, for individually or collectively in-
structing or configuring the one or more processors or
computers to operate as a machine or special-purpose

computer to perform the operations that are performed
by the hardware components and the methods as de-
scribed above. In one example, the instructions or soft-
ware include machine code that is directly executed by
the one or more processors or computers, such as ma-
chine code produced by a compiler. In another example,
the instructions or software include higher-level code that
is executed by the one or more processors or computers
using an interpreter. The instructions or software may be
written using any programming language based on the
block diagrams and the flow charts illustrated in the draw-
ings and the corresponding descriptions in the specifica-
tion, which disclose algorithms for performing the oper-
ations that are performed by the hardware components
and the methods as described above.
[0120] The instructions or software to control comput-
ing hardware, for example, one or more processors or
computers, to implement the hardware components and
perform the methods as described above, and any as-
sociated data, data files, and data structures, may be
recorded, stored, or fixed in or on one or more non-tran-
sitory computer-readable storage media. Examples of a
non-transitory computer-readable storage medium in-
clude read-only memory (ROM), random-access pro-
grammable read only memory (PROM), electrically eras-
able programmable read-only memory (EEPROM), ran-
dom-access memory (RAM), dynamic random access
memory (DRAM), static random access memory
(SRAM), flash memory, non-volatile memory, CD-ROMs,
CD-Rs, CD+Rs, CD-RWs, CD+RWs, DVD-ROMs, DVD-
Rs, DVD+Rs, DVD-RWs, DVD+RWs, DVD-RAMs, BD-
ROMs, BD-Rs, BD-R LTHs, BD-REs, blue-ray or optical
disk storage, hard disk drive (HDD), solid state drive
(SSD), flash memory, a card type memory such as mul-
timedia card micro or a card (for example, secure digital
(SD) or extreme digital (XD)), magnetic tapes, floppy
disks, magneto-optical data storage devices, optical data
storage devices, hard disks, solid-state disks, and any
other device that is configured to store the instructions
or software and any associated data, data files, and data
structures in a non-transitory manner and provide the
instructions or software and any associated data, data
files, and data structures to one or more processors and
computers so that the one or more processors and com-
puters can execute the instructions. In one example, the
instructions or software and any associated data, data
files, and data structures are distributed over network-
coupled computer systems so that the instructions and
software and any associated data, data files, and data
structures are stored, accessed, and executed in a dis-
tributed fashion by the one or more processors or com-
puters.
[0121] While this disclosure includes specific exam-
ples, it will be apparent after an understanding of the
disclosure of this invention that various changes in form
and details may be made in these examples without de-
parting from the scope of the claims and their equivalents.
The examples described herein are to be considered in
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a descriptive sense only, and not for purposes of limita-
tion. Descriptions of features or aspects in each example
are to be considered as being applicable to similar fea-
tures or aspects in other examples. Suitable results may
be achieved if the described techniques are performed
in a different order, and/or if components in a described
system, architecture, device, or circuit are combined in
a different manner, and/or replaced or supplemented by
other components or their equivalents. Therefore, the
scope of the disclosure is defined not by the detailed
description, but by the claims and their equivalents, and
all variations within the scope of the claims and their
equivalents are to be construed as being included in the
disclosure.

Claims

1. A processor-implemented method comprising:

performing speech recognition of a speech sig-
nal;
generating a plurality of first candidate sentenc-
es as a result of the performing of the speech
recognition;
identifying a respective named entity in each of
the plurality of first candidate sentences;
determining a standard expression correspond-
ing to the identified respective named entity us-
ing phonemes of the corresponding named en-
tity;
determining whether to replace the identified
named entity in each of the plurality of first can-
didate sentences with the determined standard
expression based on a similarity between the
named entity and the standard expression cor-
responding to the named entity and determining
a plurality of second candidate sentences based
on the determination result; and
outputting a final sentence selected from the plu-
rality of second candidate sentences.

2. The method of claim 1, wherein the determining of
the standard expression comprises:
determining a standard expression corresponding to
each respective named entity identified in the iden-
tifying of the named entity based on an inverted index
search performed using phonemes included in the
corresponding named entity.

3. The method of any of the above claims, wherein the
determining of the standard expression comprises:

selecting a most similar standard expression
from a plurality of standard expressions based
on a number of included phonemes of the cor-
responding named entity, and a determined lev-
el of importance of the included phonemes,

based on an inverted index table of the plurality
of standard expressions, and/or
determining a domain of the speech signal
based on an analysis of the speech signal, and
determining the standard expression corre-
sponding to each named entity from a plurality
of standard expressions corresponding to the
determined domain.

4. The method of claim 3, wherein the inverted index
table is a table obtained by indexing the plurality of
standard expressions based on a phoneme-based
inverted indexing scheme.

5. The method of claim 3 or claim 4, wherein the plu-
rality of standard expressions comprises an expres-
sion previously designated by the user.

6. The method of any of the above claims, wherein the
outputting of the final sentence comprises:
outputting a sentence among the second candidate
sentences that is determined to most accurately cor-
respond to the speech signal of the user as the final
sentence based on a language model trained based
on the standard expression.

7. The method of any of the claims 3 to 6, wherein the
domain of the speech signal comprises at least one
of contacts, an application, a music title, and a music
artist respectively stored in a device of the user,
and/or at least one of contacts, applications, a music
title, and a music title respectively stored in another
device.

8. The method of any of the above claims, wherein the
determining of the corresponding standard expres-
sion comprises:

determining k corresponding standard expres-
sions from a plurality of standard expressions in
a similarity order based on a number of included
phonemes of each named entity as identified in
the identifying of the named entity, and a level
of importance of the included phonemes,
determining whether a similarity between the
corresponding respectively named entity and
each of the k corresponding standard expres-
sions is greater than or equal to a threshold, and
selecting j most similar standard expressions
from the standard expressions having similari-
ties determined greater than or equal to the
threshold,
where k is a natural number, and, j is a natural
number between 1 and k.

9. The method of any of the above claims, wherein, in
each of the plurality of first candidate sentences, one
or both of the named entity and a domain of the
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named entity is identified based on a determined
type of the corresponding first candidate sentence.

10. The method of any of the above claims, wherein the
generating of the plurality of first candidate sentenc-
es comprises:

generating N first candidate sentences that have
highest recognition rates based on the speech
recognition of the speech signal of the user,
where N is a natural number greater than or
equal to 2.

11. The method of any of the above claims, wherein the
outputting of the final sentence comprises controlling
an operation of a device of the user based on the
outputted final sentence.

12. The method of any of the above claims, wherein the
standard expression is represented in a one of a
same language and a different language when com-
pared to a language in which the plurality of first can-
didate sentences is represented.

13. The speech processing method of any of the above
claims, wherein the similarity is a phoneme-based
similarity between each named entity and a corre-
sponding standard expression.

14. A non-transitory computer-readable storage medi-
um storing instructions that, when executed by a
processor, cause the processor to perform the meth-
od of any of the above claims.

15. A speech processing apparatus comprising:
one or more processors configured to:

perform speech recognition of a speech signal;
generate a plurality of first candidate sentences
as a result of the performed speech recognition;
identify a respective named entity in each of the
plurality of first candidate sentences;
determine a standard expression corresponding
to the identified named entity using phonemes
of the corresponding named entity;
determining whether to replace the identified
named entity in each of the plurality of first can-
didate sentences with the determined standard
expression based on a similarity between the
named entity and the standard expression cor-
responding to the named entity and determine
a plurality of second candidate sentences based
on the determination result; and
output a final sentence selected from the plural-
ity of second candidate sentences.
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