wo 2012/148957 A2 [N 000 00O 0 A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/148957 A2

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

74

31

1 November 2012 (01.11.2012) WIPOIPCT
International Patent Classification:
G10L 15/00 (2006.01)
International Application Number:
PCT/US2012/034889

International Filing Date:
25 April 2012 (25.04.2012)

Filing Language: English
Publication Language: English
Priority Data:

13/093,176 25 April 2011 (25.04.2011) US
Applicant (for all designated States except US):

GOOGLE INC. [US/US]; 1600 Amphitheatre Parkway,
Mountain View, California 94043 (US).

Inventors; and

Inventors/Applicants (for US only): NAKAJIMA, Kais-
uke [JP/US]; 180 Alicante Drive, Unit 415, San Jose, Cali-
fornia 95134 (US). STROPE, Brian [US/US]; 868 Drift-
wood Drive, Palo Alto, California 94303 (US).

Agents: CARTER, Michael, D. et al.; Fish & Richardson
P.C., P.O. Box 1022, Minneapolis, Minnesota 55440-1022

(US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW,ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: CROSS-LINGUAL INITIALIZATION OF LANGUAGE MODELS

*ﬂﬂﬁ‘m 113 107
“*'W”"Wm/'{

“Text Messaging”

Network(s)

106

121 110
©  Fii]

“Text Messaging

123
“Njia yangu!”

127

== N[} ‘3‘ ®®
132 -t
z @ 16 Automated Speech 105
Target Recognition Engine
Language -
Mo(?el f?)r Acoustic Model(s) 111
Language Context
Model (Swahil)) Language Madel(s)
Generator \ 125
119 ® 104 § " —
120 Context-Specific Cc)rporam
Target Corpus %ﬁ Q \ Content
(Swahili) N Logged Text Data 111 o Engine
Machine @ Ny § 101
i Translation N Speech Recognition - T
Engine 130 Results 109
Njia yangu On my way ]
LOL LOoL
___________ Wapi Where are you )_124
Dharula Emergency
_(' 119—_| Mimi nina kazi I'm at work
100 Kuja sasa Coming now

Knenoa mbio

Going running

FIG. 1
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the logged speech recognition results from the given language to a different, target language, and estimating a language model that is
specific to the different, target language and the same, target context, using the target corpus.
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CROSS-LINGUAL INITIALIZATION OF LANGUAGE MODELS

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Application Serial No.
13/093,176, filed on April 25, 2011, entitled CROSS-LINGUAL INITIALIZATION OF
LANGUAGE MODELS, the disclosure of which is incorporated herein by reference.

BACKGROUND

[0002] Automated Speech Recognition (“ASR”) engines convert speech to text. In
doing so, ASR engines typically rely on acoustic models that map the sounds of
each utterance to candidate words or phrases, and language models that specify
which of these candidate words or phrases are more likely to be correct based on

historical uses of the words or phrases.

[0003] To improve recognition accuracy, ASR engines may use different acoustic
models and language models to recognize utterances that are associated with
different contexts. For example, one language model may be used to recognize
utterances that are spoken when a user is entering a text message, and a different

language model may be used when the user is entering search terms.

[0004] In general, each language model is typically built using a corpus of words or
phrases that have been collected by the ASR engine or another system over time.
For instance, context-specific language models may be estimated from logs of
previous speech recognition results or logs of previous text input from multiple users
in similar contexts. The words or phrases in a particular corpus may include words
or phrases that have been explicitly provided by the user, or candidate transcriptions

that have been recognized by an ASR engine.

[0005] If a language model that is developed for a given language and a particular
context is used to recognize utterances that are spoken in a different context, an
ASR engine may generate inaccurate recognition results. Accordingly, to increase

recognition accuracy, an ASR engine should use a language model that is
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appropriate to both the language of the utterances as well as to the context in which
the utterances were spoken. For certain infrequently used languages, or for
infrequently occurring contexts, an ASR engine may not have access to an

appropriate language model.

SUMMARY

[0006] When a target corpus or language model that is specific to both a target
language and a target context is either not available or not acceptable, the target
corpus may be generated and the target language model may be estimated using
logged recognition results from an existing corpus that has already been generated
for a different language. Specifically, and in accordance with one innovative aspect
of the subject matter described in this disclosure, estimating a new, target language
model is performed using a method that includes machine-translating an existing
corpus that is associated with a target context and a given language, or logged
speech recognition results from the existing corpus, to generate a machine-
translated corpus that is associated with the same, target context but a different,

target language.

[0007] A new, target language model that is specific to the target language and the
target context may be estimated using the machine-translated corpus, e.g., using a
process that counts a relative frequency of occurrence for each word or phrase in the
machine-translated corpus. If a target corpus in the target language and target
context already exists but is inadequate, the target language model may be
estimated using both the machine-translated corpus and the existing target corpus.
An ASR engine may use the new, estimated target language model to transcribe

utterances that are associated with the target language and target context.

[0008] According to another innovative aspect of the subject matter described in
this disclosure, a method includes receiving logged speech recognition results from
an existing corpus that is specific to a given language and a target context. A target
corpus is generated by machine-translating the logged speech recognition results

from the given language to a different, target language. A language model that is
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specific to the different, target language and the same, target context is estimated

using the target corpus.

[0009] These and other implementations may each optionally include one or more
of the following features. In various examples, estimating the language model
comprises counting each occurrence of each distinctive word or phrase in the target
corpus and determining a relative frequency of occurrence of each distinctive word
or phrase in the target corpus, from among all distinctive words or phrases in the
target corpus. The target context is associated with a particular application or
application state, operating system, geographic location or region, or environmental
or ambient characteristic. In some instances, the target context is a text messaging
context, an e-mail context, a search query context, a voice-dialing context, or a

navigation context.

[0010] In some examples, generating the target corpus comprises filtering the
speech recognition results, then machine-translating only the filtered speech
recognition results. Filtering the speech recognition results comprises filtering the
speech recognition results that are associated with a speech recognition confidence
score that is below a predefined threshold or filtering the speech recognition results
that represent abbreviations. In certain instances, generating the target corpus
comprises machine-translating the speech recognition results of the existing corpus
in real time as the speech recognition results are received. Generating the target
corpus further comprises including the machine-translated speech recognition results
and an existing, partial corpus specific to the target language and the target context
in the target corpus. Generating the target corpus also comprises translating logged
text data of the existing corpus in the given language to the different, target language

and including translation results of the logged text data in the target corpus.

[0011] Other embodiments of these aspects include corresponding systems,
apparatus, and computer programs, configured to perform the actions of the

methods, encoded on computer storage devices.

[0012] The details of one or more implementations of the subject matter described

in this specification are set forth in the accompanying drawings and the description
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below. Other potential features, aspects, and advantages of the subject matter will

become apparent from the description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a diagram of an example system that machine-translates existing
corpora, to estimate language models for target languages and contexts.
[0014] FIG. 2 is a flowchart of an example process.

[0015] FIG. 3 is a diagram of an example corpus and an example language model.

[0016] Like reference numbers represent corresponding parts throughout.

DETAILED DESCRIPTION

[0017] FIG. 1 is a diagram of an example system 100 that machine-translates
existing corpora or logged recognition results associated with each corpora, to
estimate language models for target languages and contexts. Briefly, the system
100 identifies an existing corpus that includes speech recognition results for a given
language and a target context. A target corpus may be generated by machine-
translating the speech recognition results of the existing corpus from the given
language into a different language, and optionally blended the machine-translated
speech recognition results with other data sources for the target language. The
target corpus may then be used to estimate a language model specific to the

different language and the same, target context.

[0018] The system 100 includes client devices 108 and 110, e.g., cellular
telephones, PDAs, e-book readers, smart phones, music players, or personal
computers. The client devices 108 and 110 are configured to communicate with
servers 116, 118 and 120, which collectively make up an ASR system, to obtain
speech recognition results for utterances that are spoken by the respective users of
the client devices 108 and 110.

[0019] One or more servers 116 may be communicably coupled to one or more

servers 118 and 120. Collectively, the servers 116, 118 and 120 generate new,
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target language models that are specific to target languages and contexts, using
existing corpora that are specific to different languages but the same or similar
contexts, and transcribe utterances using the new, target language models. The one
or more servers 118 may be a search engine, a dictation engine, a dialogue system,
or any other engine or system that uses transcribed utterances, or that invokes a

software application that uses transcribed utterances to perform some action.

[0020] The networks 106 may include a wireless cellular network, a wireless local
area network (WLAN) or Wi-Fi network, a Third Generation (3G) or Fourth
Generation (4G) mobile telecommunications network, a private network such as an
intranet, a public network such as the Internet, or any appropriate combination
thereof.

[0021] FIG. 1 also depicts both a flow of data during various states among client
devices 108 and 110, and servers 116, 118, and 120, when an example process for
estimating new language models is performed by the system 100. The states (a) to
(i) may occur in the illustrated sequence, or they may occur in a sequence that is

different than the illustrated sequence.

[0022] The ASR engine 105 uses the acoustic models 111 and the language
models 125 to transcribe utterances. Each of the language models 125 may include
a list of distinct words or phrases in a given language and, for each distinct word or
phrase, may specify a likelihood of occurrence of the word or phrase. The context-
specific language models among the language models 125 may specify a likelihood
that each word or phrase occurs in a particular, target context. The likelihood that a
particular word or phrase occurs in a target context may be based on historical data
obtained from previous uses of the word or phrase relative to the frequency of use of

all other words or phrases in the same context.

[0023] The likelihood of each word or phrase occurring in a target context may be
expressed, for example, as a quantity. The quantity may be a value that reflects a
number of times a word or phrase occurs, has occurred, will occur, or is predicted to
occur in a corpus for the given language and, for context-specific language models,
for a target context.
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[0024] Alternatively, the likelihood may be expressed as a percentage. This
percentage may be expressed as a value that reflects, for example, a fraction of all
words or phrases in a corpus in which the word or phrase occurs, has occurred, will
occur, or is predicted to occur in the corpus. Words or phrases that, according to the
semantic or grammar rules of a given language, are semantically or grammatically
incorrect, may be associated with a lower likelihood. Words or phrases that,
according to the semantic or grammar rules of the given language, are semantically
or grammatically correct, may be associated with a higher likelihood. In some
instances, however, the likelihood that a particular word or phrase occurs in a
particular context depends on the frequency of previous uses of the word or phrase,

regardless of the semantic or grammatical accuracy of the word or phrase.

[0025] One example of a context-specific language model is a text messaging
language model that is used to transcribe utterances that are spoken as input to a
text messaging application. The text messaging language model may be generated
using a corpus (e.g., text messaging corpus 124), which may be a list or a log of
words or phrases that have been previously submitted by other users that have sent
text messages. The corpus may include logged speech recognition data 109, such
as speech recognition results for voice-recorded text messages, or logged text data

111 received as traditional, incoming text messages.

[0026] In addition to the text messaging language model, the ASR engine 105 may
have access to other context-specific language models, such as language models
associated with an e-mail context, a search query context, a voice-dialing context, a
navigation context, an application-specific or application state-specific context, an
operating system-specific context, a default context, a geographic location- or
region-specific context, an environmental- or ambient characteristic-specific context,
or other contexts. The likelihoods associated with each word or phrase in the
language model that is specific to one context may differ from the likelihoods
associated with the same words or phrases in a language model that is specific to
another, different context, or with a default language model that is not specific to any

particular context.
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[0027] As shown in states (a) to (¢) of FIG. 1, in the situation where an acceptable
corpus or language model is available for a given language and a target context, the
language model is used to transcribe utterances that are associated with the given
language and the target context. For instance, when an audio signal that encodes
utterances that are associated with the given language is received, the utterances
encoded in the audio signal may be transcribed at the ASR engine 105 using the

language model that is specific to the given language and target context.

[0028] In FIG. 1, the ASR engine 105 receives, during state (a), an audio signal
107 from a client device 108. The audio signal 107 encodes the utterance 113,
which represents a common text message, i.e., the English-language phrase, “on my

way.

[0029] The audio signal 107 is generated when the user of client device 108
speaks the utterance 113 into a microphone of the client device 108. The client
device 108 determines a context associated with the utterance 113, i.e., “text
messaging,” and generates metadata 117 that is communicated with the audio signal
107 to the ASR engine 105. In other implementations, the metadata 117 is
generated at the ASR engine 105 instead of at the client device 108, or the ASR

engine 105 generates the metadata 117 with the assistance of the client device 108.

[0030] The client device 108 or the ASR engine 105 may determine the context
associated with an utterance by evaluating the applications that are executing on the
client device 108 at a time when the utterance 113 was spoken, by identifying a
location of the client device 108 when the utterance 113 was spoken, by analyzing
sampled ambient audio, or by receiving an explicit user input that identifies a context.
In other example implementations, the client device 108 or the ASR engine 105 may
determine the context by determining a state of the applications that are executing
on the client device 108, by using a default context, by using a previously used or

last used context, or through other approaches.

[0031] In addition to or instead of identifying the context associated with the
utterance 113, the metadata 117 may include any other information associated with

the client device 108, the user of the client device 108, the audio signal 107, or the
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utterance 113. For example, if the user opts to allow the client device 108 to provide
such information, the metadata 117 may specify the geographic location of the client
device 108, demographic information associated with the user of client device 108,
information that the user of the client device 108 has manually entered, or
information included in a user profile. Generally, such information may be used by
the ASR engine 105 to improve recognition results or, more specifically, may be

used to identify a context associated with the utterance 113.

[0032] During state (b), the audio signal 107 and the metadata 117 that identifies
the context are received at server 116. During state (c), the ASR engine 105
transcribes the utterance 113 using one or more of the acoustic models 111, and
using one or more of the language models 125 that are specific to the language of
the utterance 113 and the context identified in the metadata 117. The ASR engine
105 further generates a candidate transcription 140, i.e., the English-language

phrase “on my way,” and provides the candidate transcription 140 to the server 118.

[0033] As shown in states (d) through (i), if the ASR engine 105 does not have
access to a corpus or language model for a target language and a target context, or
if the corpus or language model for the different language and the target context is
insufficient or unacceptable, the ASR engine 105 may estimate a new language
model for the different language and context using speech recognition results 109 of
an existing corpus 124. Insufficiency or unacceptability of a language model may be
measured by evaluating a speech recognition confidence score, by determining an
extent to which a user or a group of users have used speech recognition results, or

by using other approaches.

[0034] During state (d), a user of client device 110 may speak the utterance 123
into a microphone of the client device 110 while attempting to send a text message.
In FIG. 1, the utterance 123, i.e., “njia yangu,” is illustrative of the Swahili expression
for the English-language phrase “on my way.” The utterance 123 is encoded in an
audio signal 121, and the context, i.e. “text messaging,” is determined and encoded
in metadata 127. The audio signal 121 and the metadata 127 are communicated
from the client device 110 to the ASR engine 105 through network 106.
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[0035] Because no Swahili-language corpus or language model is available for the
target, text messaging context at the ASR engine 105, a new corpus may be
generated based on the logged speech recognition results 109 of existing, English-
language corpus 124 for the same context. In addition, or alternatively, the new
corpus may also be generated based on logs of previous text inputs 111 for the
same context. During state (e), the speech recognition results 109 and/or logged
text data 11 are communicated to a machine translation engine 130, which may be
located at a server 120 that is different from server 116, as depicted in FIG. 1, or at

the server 116.

[0036] During state (f), the machine translation engine 130 performs an automated,
direct translation of the words or phrases of the speech recognition results 109
and/or the logged text data 111 of the existing corpus 124, from the English
language into the Swahili language, outputting a Swahili-language target corpus 119
that includes machine-translated words and phrases that correspond to the same,
target context. For example, the machine translation engine 130 machine-translates
the English-language phrase “on my way” from the existing corpus 124 into the
Swahili language, and populates the target corpus 119 with the corresponding,

Swahili-language phrase “njia yangu.”

[0037] In some instances, the machine translation engine 130 may filter the speech
recognition results 109 of the existing corpus 124 before the speech recognition
results 109 are machine-translated into the target corpus 119. In doing so, not every
word or phrase in the speech recognition results 109 may be translated and included
in the target corpus 119. For example, various signals may be used to filter out

words or phrases in the existing corpus with low confidence or quality scores.

[0038] Additionally, various signals may cause the ASR engine 105 to filter words
or phrases that were previously not selected by prior users of the ASR engine 105,
that were identified by the prior users as incorrect transcriptions, or other words.
Abbreviations or other terms that are not words or phrases may similarly not be

machine-translated.
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[0039] In certain instances, words or phrases associated with a low quality acoustic
model score or language model score, or with a low overall recognition confidence
score that represents an aggregated acoustic model score and language model
score, may be excluded from machine translation. Entries in the speech recognition
results having a confidence score below a threshold level may be automatically

excluded from machine translation.

[0040] Furthermore, instead of machine-translating an entire existing corpus at
once, machine translation may be performed iteratively, in phases or in real-time as
additional speech recognition results are added to the existing corpus 124. For
example, machine translation of words or phrases from the speech recognition
results 109 of the existing corpus 124 may occur each time a new or distinct word or
phrase is added to the existing corpus 124 based on completed speech recognition
events. If a particular word or phrase has already been machine-translated and
added to the target corpus 119, an instance count associated with the particular
word or phrase in the target corpus 119 may be incremented instead of re-translating

the same particular word or phrase.

[0041] During state (g), after machine-translating the existing, English-language
speech recognition results 109, the machine translation engine 130 transmits the
Swahili-language, target corpus 119 to a language model generator 104. The
language model generator 104 generates a context-specific, Swahili-language,
target language model 132 using the machine-translated, target corpus 119. In
instances where a target corpus in the Swahili language for the target context
already exists but may be incomplete or insufficient, the language model generator
104 may use the received target corpus 119 based on translation results of the
machine translation engine 130 to augment the existing but inadequate target corpus
and generate the target language model 132 based on the combined, augmented

corpus.

[0042] The target language model 132 generated by the language model generator
104 includes the machine-translated list of distinct words or phrases in the Swahili
language and, for each distinct word or phrase, a likelihood of occurrence of the

word or phrase. The likelihood of each word or phrase occurring in a target context

10
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may be expressed, for example, as a quantity that reflects a number of times a word
or phrase occurs in the machine-translated, Swahili-language, target corpus 119.
Alternatively, the likelihood may be expressed as a percentage that reflects, for
example, a fraction of all words or phrases in the Swahili-language, target corpus

119 in which the word or phrase occurs.

[0043] In the example of FIG. 1, the target language model 132 includes a
probability of an occurrence of each word or phrase in the target corpus 119. For
example, the target language model 132 may indicate that the phrase “njia yangu”
occurs one hundred times in the target corpus 119. The number of occurrences of
“njia yangu” relative to occurrences of other words or phrases in the target corpus
119 may reflect the likelihood that a particular set of words derived from received
audio signals is actually the phrase “njia yangu,” instead of another, similarly

sounding phrase.

[0044] The target language model 132 is sent to the ASR engine 105 to be used
for transcribing audio signals associated with the Swahili language, and the text
messaging context. During state (h), the ASR engine 105 uses the target language
model to transcribe the utterance 123 and, during state (i), outputs the candidate

transcription 142 to the content engine 101.

[0045] By estimating the target language model 132 using speech recognition
results 109 of the existing corpus 124 instead of fully developing a new language
model, the significant time and effort that are typically expended in developing new
language models can be saved, while still providing highly accurate recognition
results. Because the words and phrases used in certain contexts are sometimes
universal across many or all geographies, cultures and languages, the use of an
estimated target language model 132 for a target language and context may lead to
recognition results that are more accurate than results that are generated using a
default language model, or using a language model that is not specific to any

particular context, for the same, target language.

[0046] FIG. 2 is a flowchart of an example process 200. Briefly, the process 200

includes receiving speech recognition results for a given language, translating the

11
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results into a different language, and estimating a language model for the different

language based on the translation results.

[0047] During the early stages of development of a new language model, the
performance of an ASR engine may suffer due to the lack of a sufficient context-
specific corpus for a particular language. According to the process 200, a context-
specific corpus may be generated based on speech recognition results or logged text
data of an existing corpus from a different language for the same context, and the
generated corpus may optionally be blended with other data sources for the target
language (e.g., dictionaries), and may be used as a starting corpus to estimate the
new context-specific language model. A new corpus that is generated using a
corpus that is populated with words or phrases from a different language may be well
suited for transcribing audio signals for contexts in which words or phrases used by

users are universal or are fairly language-independent.

[0048] In more detail, when process 200 begins, speech recognition results
associated with an existing corpus for a given language are received (202). The
speech recognition results may be included in a context-specific corpus of words or
phrases in the given language, such as words or phrases that have been previously
submitted by previous users in a context that was the same as or similar to the target
context. In some implementations, the existing corpus includes candidate
transcriptions from previous speech recognition operations performed at an ASR
engine, including speech recognition performed on utterances that were spoken by a
particular user or group of users. The existing corpus may also include previous text

data associated with the same, target context.

[0049] Referring ahead briefly, FIG. 3 is a diagram of an example corpus 302 and
an example language model 304. The example corpus 302 may include all words or
phrases that have been submitted by previous users, for a target context. The
example corpus 302 may be populated, for example, by collecting actual speech
recognition results associated with voice-recorded text messages for multiple users
over time. For a different context, such as a search query context, a corpus may be

populated by collecting actual search queries entered in online search applications.

12
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The example context-specific language model 304 is generated or estimated based
on the example corpus 302.

[0050] The example context-specific language model 304 includes a probability of
an occurrence of each word or phrase in the corpus 302. In other words, the
example language model 304 that is generated based on the example corpus 302 of
text messages provides an indication of the extent to which certain phrases and

words are used in the context of user-submitted text messages.

[0051] An ASR engine may use the example language model 304 that includes a
probability of an occurrence of a particular word or phrase in the corpus in order to
transcribe utterances that are encoded in an audio signal. If an utterance that is
phonetically transcribed as “I luv noo urk” is received at an ASR engine, the ASR
engine may generate the candidate transcriptions “I love new work,” “I love New
York,” or “I love Newark.” If, as is illustrated in the example language model 304, the
phrase “I love New York” occurs much more frequently than the phrases “I love new
work” and “I love Newark,” then the ASR engine may output the phrase “I love New
York” as a candidate transcription, or may output the phrase “I love New York” as the

candidate transcription that has a highest recognition confidence score.

[0052] Returning to FIG. 2, the received speech recognition results of the given
language are translated into a different language (204). In some instances, the
translation may be performed automatically using a hardware or software machine

translation engine or module.

[0053] After the speech recognition results are translated into the different, target
language, a target language model is estimated or otherwise generated for the same
context and different language (206). The language model may include a probability

of occurrence of each word or phrase in the speech recognition results.

[0054] In some instances, different phrase lengths may be counted in the speech
recognition results. For example, a given language model may only include counts
of single-word phrases so that when transcribing audio signals, the language model
is only used to determine whether a particular word is more likely than other words

for a given context.

13
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[0055] Language models may also include counts of multiple word phrases. If a
language model also includes a count of two-word phrases, for example, the
language model may be used to determine the likelihood that certain two-word
phrases are intended by a user over other less frequent two-word phrases.
Accordingly, a language model for one language may be generated based on the

translated results of a corpus of a different language.

[0056] A number of implementations have been described. Nevertheless, it will be
understood that various modifications may be made without departing from the spirit
and scope of the disclosure. For example, various forms of the flows shown above
may be used, with steps re-ordered, added, or removed. Accordingly, other

implementations are within the scope of the following claims.

[0057] Embodiments and all of the functional operations described in this
specification may be implemented in digital electronic circuitry, or in computer
software, firmware, or hardware, including the structures disclosed in this
specification and their structural equivalents, or in combinations of one or more of
them. Embodiments may be implemented as one or more computer program
products, i.e., one or more modules of computer program instructions encoded on a
computer readable medium for execution by, or to control the operation of, data
processing apparatus. The computer readable medium may be a machine-readable
storage device, a machine-readable storage substrate, a memory device, a
composition of matter effecting a machine-readable propagated signal, or a
combination of one or more of them. The term “data processing apparatus”
encompasses all apparatus, devices, and machines for processing data, including by
way of example a programmable processor, a computer, or multiple processors or
computers. The apparatus may include, in addition to hardware, code that creates
an execution environment for the computer program in question, e.g., code that
constitutes processor firmware, a protocol stack, a database management system,
an operating system, or a combination of one or more of them. A propagated signal
is an artificially generated signal, e.g., a machine-generated electrical, optical, or
electromagnetic signal that is generated to encode information for transmission to

suitable receiver apparatus.
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[0058] A computer program (also known as a program, software, software
application, script, or code) may be written in any form of programming language,
including compiled or interpreted languages, and it may be deployed in any form,
including as a stand alone program or as a module, component, subroutine, or other
unit suitable for use in a computing environment. A computer program does not
necessarily correspond to a file in a file system. A program may be stored in a
portion of a file that holds other programs or data (e.g., one or more scripts stored in
a markup language document), in a single file dedicated to the program in question,
or in multiple coordinated files (e.g., files that store one or more modules, sub
programs, or portions of code). A computer program may be deployed to be
executed on one computer or on multiple computers that are located at one site or

distributed across multiple sites and interconnected by a communication network.

[0059] The processes and logic flows described in this specification may be
performed by one or more programmable processors executing one or more
computer programs to perform functions by operating on input data and generating
output. The processes and logic flows may also be performed by, and apparatus
may also be implemented as, special purpose logic circuitry, e.g., an FPGA (field

programmable gate array) or an ASIC (application specific integrated circuit).

[0060] Processors suitable for the execution of a computer program include, by
way of example, both general and special purpose microprocessors, and any one or
more processors of any kind of digital computer. Generally, a processor will receive

instructions and data from a read only memory or a random access memory or both.

[0061] The essential elements of a computer are a processor for performing
instructions and one or more memory devices for storing instructions and data.
Generally, a computer will also include, or be operatively coupled to receive data
from or transfer data to, or both, one or more mass storage devices for storing data,
e.g., magnetic, magneto optical disks, or optical disks. However, a computer need
not have such devices. Moreover, a computer may be embedded in another device,
e.g., a tablet computer, a mobile telephone, a personal digital assistant (PDA), a
mobile audio player, a Global Positioning System (GPS) receiver, to name just a few.

Computer readable media suitable for storing computer program instructions and
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data include all forms of non volatile memory, media and memory devices, including
by way of example semiconductor memory devices, e.g., EPROM, EEPROM, and
flash memory devices; magnetic disks, e.g., internal hard disks or removable disks;
magneto optical disks; and CD ROM and DVD-ROM disks. The processor and the

memory may be supplemented by, or incorporated in, special purpose logic circuitry.

[0062] To provide for interaction with a user, embodiments may be implemented on
a computer having a display device, e.g., a CRT (cathode ray tube) or LCD (liquid
crystal display) monitor, for displaying information to the user and a keyboard and a
pointing device, e.g., a mouse or a trackball, by which the user may provide input to
the computer. Other kinds of devices may be used to provide for interaction with a
user as well; for example, feedback provided to the user may be any form of sensory
feedback, e.g., visual feedback, auditory feedback, or tactile feedback; and input
from the user may be received in any form, including acoustic, speech, or tactile

input.

[0063] Embodiments may be implemented in a computing system that includes a
back end component, e.g., as a data server, or that includes a middleware
component, e.g., an application server, or that includes a front end component, e.g.,
a client computer having a graphical user interface or a Web browser through which
a user may interact with an implementation, or any combination of one or more such
back end, middleware, or front end components. The components of the system
may be interconnected by any form or medium of digital data communication, e.g., a
communication network. Examples of communication networks include a local area

network (“LAN”) and a wide area network (“WAN?"), e.g., the Internet.

[0064] The computing system may include clients and servers. A client and server
are generally remote from each other and typically interact through a communication
network. The relationship of client and server arises by virtue of computer programs
running on the respective computers and having a client-server relationship to each

other.

[0065] While this specification contains many specifics, these should not be

construed as limitations on the scope of the disclosure or of what may be claimed,
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but rather as descriptions of features specific to particular embodiments. Certain
features that are described in this specification in the context of separate
embodiments may also be implemented in combination in a single embodiment.
Conversely, various features that are described in the context of a single
embodiment may also be implemented in multiple embodiments separately or in any
suitable subcombination. Moreover, although features may be described above as
acting in certain combinations and even initially claimed as such, one or more
features from a claimed combination may in some cases be excised from the
combination, and the claimed combination may be directed to a subcombination or

variation of a subcombination.

[0066] Similarly, while operations are depicted in the drawings in a particular order,
this should not be understood as requiring that such operations be performed in the
particular order shown or in sequential order, or that all illustrated operations be
performed, to achieve desirable results. In certain circumstances, multitasking and
parallel processing may be advantageous. Moreover, the separation of various
system components in the embodiments described above should not be understood
as requiring such separation in all embodiments, and it should be understood that
the described program components and systems may generally be integrated

together in a single software product or packaged into multiple software products.

[0067] In each instance where an HTML file is mentioned, other file types or
formats may be substituted. For instance, an HTML file may be replaced by an XML,
JSON, plain text, or other types of files. Moreover, where a table or hash table is
mentioned, other data structures (such as spreadsheets, relational databases, or

structured files) may be used.

[0068] Thus, particular embodiments have been described. Other embodiments
are within the scope of the following claims. For example, the actions recited in the

claims may be performed in a different order and still achieve desirable results.
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What is claimed is:

1. A computer-implemented method performed by at least one processor, the
method comprising:

receiving logged speech recognition results from an existing corpus that is
specific to a given language and a target context;

generating a target corpus by machine-translating the logged speech
recognition results from the given language to a different, target language; and

estimating a language model that is specific to the different, target language

and the same, target context, using the target corpus.

2. The method of claim 1, wherein estimating the language model comprises

counting each occurrence of each distinctive word or phrase in the target corpus.

3. The method of claim 2, wherein estimating the language model comprises
determining a relative frequency of occurrence of each distinctive word or phrase in

the target corpus, from among all distinctive words or phrases in the target corpus.

4. The method of claim 1, wherein the target context is associated with a
particular application or application state, operating system, geographic location or

region, or environmental or ambient characteristic.

5. The method of claim 1, wherein the target context is a text messaging context,
an e-mail context, a search query context, a voice-dialing context, or a navigation

context.

6. The method of claim 1, wherein generating the target corpus comprises
filtering the speech recognition results, then machine-translating only the filtered

speech recognition results.
7. The method of claim 6, wherein filtering the speech recognition results

comprises filtering the speech recognition results that are associated with a speech

recognition confidence score that is below a predefined threshold.
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8. The method of claim 6, wherein filtering the speech recognition results

comprises filtering the speech recognition results that represent abbreviations.

9. The method of claim 1, wherein generating the target corpus comprises
machine-translating the speech recognition results of the existing corpus in real time

as the speech recognition results are received.

10. The method of claim 1, wherein generating the target corpus further
comprises including the machine-translated speech recognition results and an
existing, partial corpus specific to the target language and the target context in the

target corpus.

11. A system comprising:

a computer-readable storage medium operable to store a target corpus;

a machine translation engine operable to translate logged speech recognition
results of an existing corpus that is specific for a given language and a target context
from the given language to a different, target language, wherein results of the
translation are stored in the computer-readable storage medium as the target
corpus; and

a language model generator operable to estimate a language model that is
specific to the different, target language and the same, target context, using the

target corpus.

12.  The system of claim 11, wherein the machine translation engine is further
operable to translate logged text data of the existing corpus in the given language to
the different, target language and include translation results of the logged text data in

the target corpus.
13.  The system of claim 11, wherein the machine translation engine is further

operable to augment an existing, partial target corpus specific for the target language
and target context with the results of the translation to generate the target corpus.
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14.  The system of claim 11, wherein estimating the language model comprises
determining a relative frequency of occurrence of each distinctive word or phrase in

the target corpus, from among all distinctive words or phrases in the target corpus.

15.  The system of claim 11, wherein the target context is a text messaging
context, an e-mail context, a search query context, a voice-dialing context, or a

navigation context.

16. A computer storage medium encoded with a computer program, the program
comprising instructions that when executed by data processing apparatus cause the
data processing apparatus to perform operations comprising:

identifying logged speech recognition results obtained from an existing
corpus that is specific to a given language and a target context;

generating a target corpus by machine-translating the logged speech
recognition results from the given language to a different, target language; and

estimating a language model that is specific to the different, target language

and the same, target context, using the target corpus.

17.  The computer storage medium of claim 16, wherein generating the target
corpus comprises filtering the speech recognition results, then machine-translating

only the filtered speech recognition results.

18.  The computer storage medium of claim 17, wherein filtering the speech
recognition results comprises filtering the speech recognition results that are
associated with a speech recognition confidence score that is below a predefined
threshold.

19.  The computer storage medium of claim 16, wherein the target context is

associated with a particular application or application state, operating system,

geographic location or region, or environmental or ambient characteristic.
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20. The computer storage medium of claim 16, wherein generating the target
corpus further comprises including the machine-translated speech recognition results
and an existing, partial corpus specific to the target language and the target context

in the target corpus.
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Example Corpus

I
love

new

york

hello

hi

goodbye

york

LOL

hi

| love new york
why are you late
| love newark

| love new work
| love new york
why are you late
| hate new work
why are you late
| love new york
when are you coming
where are you
coming home

| love new york
why are you late
hi

why are you late

o
N

3/3

FIG. 3
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Example Language Model

why are you late (.004)
| love new york: (.003)
I love new work: (.001)
| love newark: (.001)

| hate new work: (.001)

where are you: (.001)
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