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SPEECH TO TEXT CONVERSION 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority to pending US. 
Provisional Application Ser. No. 61/289,968, entitled “Multi 
Modal Input on an Electronic Device”, ?led on Dec. 23, 2009, 
the entire contents of Which are hereby incorporated herein by 
reference, and claims priority to pending US. Provisional 
Application Ser. No. 61/330,219, entitled “Multi-Modal 
Input on an Electronic Device”, ?led on Apr. 30, 2010, the 
entire contents of Which are hereby incorporated herein by 
reference. 

TECHNICAL FIELD 

[0002] This document relates to systems and techniques for 
multi-modal input into an electronic device and conversion of 
spoken input to text. 

BACKGROUND 

[0003] Computer users employ a number of mechanisms to 
provide input to their computing devices. Keyboards are com 
mon input devices, and they typically include single-digit 
numbers (e.g., in a cellular telephone) each of the letters in the 
alphabet, and some characters (e.g., in Qwerty or Dvorak 
keyboards). On mobile devices, keyboards are frequently 
“virtual” in form, and are displayed on a touch screen of a 
device. Such keyboards may be made available to various 
different applications running on a device, using a program 
knoWn as an Input Method Editor, or IME, so that the IME 
receives the user input and then passes it to Whatever appli 
cation is currently active on the device. An IME can also 
translate user input, such as When a user enters Roman char 
acters in a Written language like Pinyin, and the IME gener 
ates Chinese characters that correspond to the typed Pinyin. 
Where the Pinyin corresponds to multiple possible charac 
ters, the IME can display all such characters, the user can tap 
the intended character, and the IME can pass that character to 
the operating application. 
[0004] Users of computer devices, and particularly of 
mobile computing devices, may be constrained in their use of 
a keyboard. For example, the keyboard itself may be con 
strained in siZe because mobile device displays are small, so 
that only a sub-set of relevant characters can be displayed or 
the keys may be too small to press accurately. Also, the user 
may be constrained, in that they cannot easily type on a 
keyboard While Walking through a croWded airport or driving 
a car. In such situations, spoken input may be preferred over 
typed input. HoWever, speech-to-text conversion or transla 
tion typically requires lots of computer processing poWer, and 
mobile devices typically do not have much processing poWer. 
Also, such conversion often requires a particular user to 
“train” the system so that it better understands the user’s voice 
and speech patterns. 

SUMMARY 

[0005] This document describes systems and techniques 
for multi-modal input into an electronic device, including 
speech input. In one example, an IME that provides keyboard 
services to a device may also provide for spoken input to the 
device. Much of the IME services may be unchanged from an 
ordinary IME, but the IME may be augmented to provide for 
speech-to-text conversion. Speci?cally, the IME may take a 
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user input in Whatever form (e.g., typed, spoken, D Pad, etc.) 
and may convert it to a standard form for presentation to an 
active application (e.g., passing characters or other key 
presses). Applications may subscribe to the IME’s services 
just as they Would subscribe if the IME did not accept voice 
input, and the provision of such speech-to-text functionality 
can be transparent to the applications. 
[0006] A user could choose When to provide typed input 
and When to provide spoken input to the IME. First, the user 
may be in an application that requires input, and may take an 
appropriate action to invoke the IME (e.g., pressing a particu 
lar button or soft key on the device, moving the device in a 
certain manner, and the like). A keyboard may be initially 
displayed on the user’s device, and the user may take another 
appropriate action to indicate that he or she Will provide 
speech input. For example, the user may press a microphone 
button on the virtual keyboard, or may make a sWipe across 
the virtual keyboard or another action that is inconsistent With 
an intent to provide typed input in the virtual keyboard. At that 
point, the IME can begin “listening” to the device’s micro 
phone and after the user has spoken, may pass corresponding 
text to the application. 

[0007] In these manners, certain implementations may pro 
vide one or more bene?ts. For example, speech-to-text func 
tionality may be provided on a computing device relatively 
simply, While re-using other IME functionality (e.g., inter 
faces to applications on a device) that is needed for keyboard 
based IME translation. Use of context-speci?c language 
models in the manners discussed above and beloW may also 
permit more accurate conversion of speech to text, regardless 
of Whether the system is trained to a particular user. Such 
context-speci?city may also be provided automatically and 
transparently for a user, and at a level of speci?city that is 
most suited to a particular situation. For example, Where a 
user is simply interacting With a Web page, the language 
model for the page may be used, but if the user is interacting 
With a form on the page, a more speci?c language model that 
is directed to that form or a particular ?eld on the form may be 
used (With loWer Weightings, but higher-than-normal Weight 
ings, applied to the page-speci?c model). 
[0008] Particular manners of using public user activity, 
such as search activity, to build contextual language models 
may also result in the generation of accurate models in a 
convenient manner. Such data may be made available via 
natural user activity that is already occurring voluntarily by 
the users. Also, the activity may occur in large enough vol 
umes to provide enough data needed to generate a complete 
and accurate model for many contexts, and in this case, for 
many Web pages. The models may also be updated over time, 
because the public user activity occurs continuously over 
time, so that continuously up -to-date models may be provided 
to users seeking speech-to-text conversion services. 
[0009] In general, in one aspect, methods, computer pro 
gram products and systems are described for a multi-modal 
input-method editor. A request can be received from a user of 
an electronic device for an application-independent input 
method editor having Written and spoken input capabilities. 
That the user intends to provide spoken input to the applica 
tion-independent input method editor can be identi?ed, and 
the spoken input can be received from the user. The spoken 
input can be input to an application executing on the elec 
tronic device. The spoken input can be provided to a remote 
server. The remote server includes a speech recognition sys 
tem con?gured to recogniZe text based on the spoken input. 
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Text can be received from the remote server, Where the text 
represents the spoken input. The text can be provided to the 
application as user input. 
[0010] In general, in one aspect, methods, computer pro 
gram products and systems are described for speech-to-text 
conversion. A voice input is received from a user of an elec 
tronic device and contextual metadata is received that 
describes a context of the electronic device at a time When the 
voice input is received. Multiple base language models are 
identi?ed, Wherein each base language model corresponds to 
a distinct textual corpus of content. Using the contextual 
metadata, an interpolated language model is generated based 
on contributions from the base language models. The contri 
butions are Weighted according to a Weighting for each of the 
base language models. The interpolated language model is 
used to convert the received voice input to a textual output. 
The voice input is received at a computer server system that is 
remote to the electronic device. The textual output is trans 
mitted to the electronic device. 

[001 1] Implementations of the methods, computer program 
products and systems can include one or more of the folloW 
ing features. The contextual metadata can identify a ?eld in an 
electronic document on Which the electronic device Was 
focused When the voice input Was received at the electronic 
device. Determining the Weightings for each of the base lan 
guage models can be based on the contextual metadata. One 
or more of the base language models can be built based on text 
input data collected from multiple users and from metadata 
that corresponds to the text input data. 
[0012] For a particular text input data, the corresponding 
metadata can identify an input ?eld that corresponds to the 
text input data. The text input data and the metadata can be 
formed as individual pairs and a bipartite cluster graph can be 
formed of the individual pairs. Clusters can be identi?ed in 
the graph and used to generate the interpreted language 
model. The base language models can be trained by using 
sample voice utterances from multiple users of multiple elec 
tronic devices. 
[0013] In general, in another aspect, a system is described 
for converting speech to text that includes multiple base lan 
guage models and an interpolated language model. The mul 
tiple base language models each correspond to a particular 
semantic category. The interpolated language model is linked 
to the multiple base language models. Each link betWeen the 
interpolated language model and each of the base language 
models is associated With a Weight. 
[0014] Implementations of the system can include one or 
more of the folloWing features. The Weight for each link 
betWeen the interpolated language mode and a base language 
model can be based on an accuracy of the base language 
model in associating a voice input With a text output repre 
senting a conversion of the voice input into text. The Weights 
can represent likelihoods of usage in the interpolated lan 
guage model matching usage in the particular base language 
model. The Weightings can be a function of the semantic 
category. 
[0015] The system can further include a netWork interface 
con?gured to receive a voice input and cause the interpolated 
language model to be applied to the voice input to generate a 
text output. The netWork interface can be further con?gured 
to use metadata received With the voice input to match to the 
semantic category to determine Weightings for the base lan 
guage models from the interpolated language model. The 
system can be con?gured to dynamically apply the Weight 
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ings for the base language models in real-time substantially as 
the voice input is received by the netWork interface. 
[0016] In general, in one aspect, methods, computer pro 
gram products and systems are described that include extract 
ing pairs from a historical log of query search results that 
includes multiple search queries and corresponding search 
results. Each pair includes a query and a Website that corre 
sponds to a search result for the query. A bipartite cluster 
graph is generated based on the extracted pairs of queries and 
corresponding Websites. Multiple language models are 
trained based on clusters identi?ed in the bipartite cluster 
graph. Based on sample data obtained from input by one or 
more users into a Web from, the sample data including one or 
more sample queries, K clusters are identi?ed from the cluster 
graph that are most signi?cant to the sample queries, K being 
an integer. An interpolated language model is generated for 
the Web form based on Weighted contributions from the lan 
guage models trained for each of the identi?ed K clusters. 

[0017] Implementations of the methods, computer program 
products and systems can include one or more of the folloW 
ing features. A voice input can be received into the Web form. 
Based on the interpolated language model a text output can be 
generated that represents the voice input. The voice input can 
be received from a user of an electronic device and the text 
output can be generated by a computer server system that is 
remote to the electronic device. The text output can be trans 
mitted to the electronic device. 

[0018] The details of one or more embodiments are set 
forth in the accompanying drawings and the description 
beloW. Other features and advantages Will be apparent from 
the description and draWings, and from the claims. 

DESCRIPTION OF DRAWINGS 

[0019] FIG. 1A is a conceptual diagram of an example 
system including a multi-modal input method editor. 
[0020] FIG. 1B is a block diagram of an example system 
that can be used to implement the multi-modal input method 
editor. 

[0021] FIG. 1C is a block diagram of example softWare that 
can be used to implement the input method editor. 
[0022] FIG. 2 is a How chart of an example process for 
generating text using a multi-modal input method editor. 
[0023] FIGS. 3A-E shoW example screen shots of an elec 
tronic device including a multi-modal input method editor. 
[0024] FIG. 4 is a block diagram of an example system for 
receiving speech input and training language models to inter 
pret the speech input. 
[0025] FIG. 5A is a block diagram ofqueries and associated 
Websites in search results 

[0026] FIG. 5B is a URL shoWing search terms in a query 

[0027] FIG. 6 is a block diagram of an example system for 
recogniZing speech input to a computing device. 
[0028] FIGS. 7A and 7B shoW ?oWcharts of example pro 
cesses of building an interpolated language model. 

[0029] FIG. 8 shoWs a ?owchart of an example process for 
recogniZing text in an utterance. 

[0030] FIG. 9 shoWs examples of generic computer devices 
that may be used to execute the actions discussed in this 
document. 

[0031] FIG. 10 is a block diagram ofan example data struc 
ture of a language model. 
























