
US 20050261907A1 

(12) Patent Application Publication (10) Pub. No.: US 2005/0261907 A1 
(19) United States 

Smolenski et al. 

(54) VOICE INTEGRATION PLATFORM 

(75) Inventors: Andrew G. Smolenski, Las Vegas, NV 
(US); Steven Markman, Los Gatos, 
CA (US); Pericles Haleftiras, San 
Diego, CA (US); Jon Thomas Layton, 
Solana Beach, CA (US); Lizanne 
Kaiser, Richmond, CA (US); Gregory 
S. Kluthe, San Marcos, CA (US); 
Michael W. Achenbach, Los Altos, CA 
(Us) 

Correspondence Address: 
STERNE, KESSLER, GOLDSTEIN & FOX 
PLLC 
1100 NEW YORK AVENUE, N.W. 
WASHINGTON, DC 20005 (US) 

(73) Assignee: Ben Franklin Patent Holding LLC, Los 

(43) Pub. Date: Nov. 24, 2005 

(22) Filed: Jul. 27, 2005 

Related U.S. Application Data 

(63) Continuation of application No. 09/855,004, ?led on 
May 14, 2001, Which is a continuation-in-part of 
application No. 09/290,508, ?led on Apr. 12, 1999, 
noW Pat. No. 6,408,272. 

Publication Classi?cation 

(51) Int. Cl? ................................................... .. G10L 11/00 

(52) U.S. c1. ............................................................ ..704/270 

(57) ABSTRACT 
A voice integration platform and method provide for inte 
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VOICE INTEGRATION PLATFORM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 09/855,004, entitled “Voice Integration Plat 
form,” ?led May 14, 2001, Which is a continuation-in-part of 
US. application Ser. No. 09/290,508, entitled “Distributed 
Voice User Interface,” ?led Apr. 12, 1999, now US. Pat. No. 
6,408,272, issued Jun. 18, 2002, both of Which are herein 
incorporated by reference in their entireties. 

TECHNICAL FIELD OF THE INVENTION 

[0002] The present invention relates generally to user 
interfaces and, more particularly, to a voice integration 
system. 

BACKGROUND OF THE INVENTION 

[0003] A voice user interface (VUI) alloWs a human user 
to interact With an intelligent, electronic device (e.g., a 
computer) by merely “talking” to the device. The electronic 
device is thus able to receive, and respond to, directions, 
commands, instructions, or requests issued verbally by the 
human user. As such, a VUI facilitates the use of the device. 

[0004] A typical VUI is implemented using various tech 
niques Which enable an electronic device to “understand” 
particular Words or phrases spoken by the human user, and 
to output or “speak” the same or different Words/phrases for 
prompting, or responding to, the user. The Words or phrases 
understood and/or spoken by a device constitute its “vocabu 
lary.” 

BRIEF SUMMARY OF THE INVENTION 

[0005] The present invention provides a system and 
method for a voice integration system in Which a voice 
gateWay, service layers, and tools interact With an existing 
data system. 

[0006] According to an embodiment of the present inven 
tion a voice integration platform provides for integration 
With a data system that includes stored data. The voice 
integration platform comprises one or more generic softWare 
components, the generic softWare components being con 
?gured to enable development of a speci?c voice user 
interface that is designed to interact With the data system in 
order to present the stored data to a user. 

[0007] According to another embodiment of the present 
invention, a method is provided. The method is for enabling 
the development of a voice user interface that is designed to 
interact With a data system, Where the data system includes 
stored data. The method comprises providing one or more 
generic softWare components, the generic softWare compo 
nents being con?gured to enable development of a speci?c 
voice user interface, the speci?c voice user interface being 
designed to interact With the data system to present the 
stored data to a user. 

[0008] According to yet another embodiment of the 
present invention, a voice integration platform provides for 
integration With a data system that includes stored data. The 
voice integration platform comprises means for developing 
a speci?c voice user interface, the speci?c voice user inter 
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face being designed to interact With the data system to 
present the stored data to a user. 

[0009] Other aspects and advantages of the present inven 
tion Will become apparent from the folloWing descriptions 
and accompanying draWings. 

BRIEF DESCRIPTION OF THE 
DRAWINGS/FIGURES 

[0010] For a more complete understanding of the present 
invention and for further features and advantages, reference 
is noW made to the folloWing description taken in conjunc 
tion With the accompanying draWings, in Which: 

[0011] FIG. 1 illustrates a voice integration platform 
according to at least one embodiment of the present inven 
tion. 

[0012] FIG. 2 illustrates a distributed voice user interface 
system, according to an embodiment of the present inven 
tion. 

[0013] FIG. 3 illustrates details for a local device, accord 
ing to an embodiment of the present invention. 

[0014] FIG. 4 illustrates details for a remote system, 
according to an embodiment of the present invention. 

[0015] FIG. 5 is a How diagram of an exemplary method 
of operation for a local device, according to an embodiment 
of the present invention. 

[0016] FIG. 6 is a How diagram of an exemplary method 
of operation for a remote system, according to an embodi 
ment of the present invention. 

[0017] Like numerals are used for like and corresponding 
parts of the various draWings. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] Turning ?rst to the nomenclature of the speci?ca 
tion, the detailed description Which folloWs is represented 
largely in terms of processes and symbolic representations 
of operations performed by conventional computer compo 
nents, such as a central processing unit (CPU) or processor 
associated With a general purpose computer system, memory 
storage devices for the processor, and connected pixel 
oriented display devices. These operations include the 
manipulation of data bits by the processor and the mainte 
nance of these bits Within data structures resident in one or 
more of the memory storage devices. Such data structures 
impose a physical organiZation upon the collection of data 
bits stored Within computer memory and represent speci?c 
electrical or magnetic elements. These symbolic represen 
tations are the means used by those skilled in the art of 
computer programming and computer construction to most 
effectively convey teachings and discoveries to others 
skilled in the art. 

[0019] For purposes of this discussion, a process, method, 
routine, or sub-routine is generally considered to be a 
sequence of computer-executed steps leading to a desired 
result. These steps generally require manipulations of physi 
cal quantities. Usually, although not necessarily, these quan 
tities take the form of electrical, magnetic, or optical signals 
capable of being stored, transferred, combined, compared, or 
otherWise manipulated. It is conventional for those skilled in 
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the art to refer to these signals as bits, values, elements, 
symbols, characters, text, terms, numbers, records, objects, 
?les, or the like. It should be kept in mind, hoWever, that 
these and some other terms should be associated With 
appropriate physical quantities for computer operations, and 
that these terms are merely conventional labels applied to 
physical quantities that exist Within and during operation of 
the computer. 

[0020] It should also be understood that manipulations 
Within the computer are often referred to in terms such as 
adding, comparing, moving, or the like, Which are often 
associated With manual operations performed by a human 
operator. It must be understood that no involvement of the 
human operator may be necessary, or even desirable, in the 
present invention. The operations described herein are 
machine operations performed in conjunction With the 
human operator or user that interacts With the computer or 
computers. 

[0021] In addition, it should be understood that the pro 
grams, processes, methods, and the like, described herein are 
but an exemplary implementation of the present invention 
and are not related, or limited, to any particular computer, 
apparatus, or computer language. Rather, various types of 
general purpose computing machines or devices may be 
used With programs constructed in accordance With the 
teachings described herein. Similarly, it may prove advan 
tageous to construct a specialiZed apparatus to perform the 
method steps described herein by Way of dedicated com 
puter systems With hard-Wired logic or programs stored in 
non-volatile memory, such as read-only memory (ROM). 

[0022] Voice Integration Platform OvervieW 

[0023] Referring noW to the draWings, FIG. 1 illustrates a 
voice integration platform 2, according to at least one 
embodiment of the present invention. In general, voice 
integration platform 2 provides voice application design 
softWare. 

[0024] When installed on a computer system that includes 
at least a processor and a memory, the voice integration 
platform 2 softWare provides a means for developing a 
speci?c voice user interface that is designed to interact With 
an data system 6. 

[0025] The voice integration design softWare of the voice 
integration platform includes generic softWare components. 
These components are reusable, alloWing the designer of a 
voice interface to utiliZe pre-Written code in developing a 
speci?c voice application that is designed to interface With 
the data system 6 to deliver information (i.e., “stored data”) 
to a user. Using the voice integration platform 2, an interface 
designer, or team of designers, can develop a voice appli 
cation, such as a speci?c voice user interface 27, that alloWs 
one or more human users 29 to interact—via speech or 

verbal communication—With one or more data systems 6. 
That is, data stored on the data system 6 is ordinarily not 
presented to a user 29 via voice interaction. If the data 
system 6 is a Web application server, for example, the user 
29 requests and receives information via a local device 14 
(FIG. 2) using a standard GUI interface to interact With the 
Web server. The voice integration platform 2 provides a 
development platform that enables an application designer 
to create a voice user interface 27 that interacts With stored 
data on an existing data system 6. As used herein, the terms 
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“connected,”“coupled,” or any variant thereof, means any 
connection or coupling, either direct or indirect, betWeen 
tWo or more elements; the coupling or connection can be 
physical or logical. 

[0026] FIG. 1 illustrates that the voice integration plat 
form 2 is used to generate a speci?c voice user interface 27. 
The speci?c voice user interface 27 is designed to send data 
to, and receive data from, a data system 6. The data system 
6 is any computer system having a memory that stores data. 
In at least one embodiment, the data system 6 is a Web site 
system that includes server hardWare, softWare, and stored 
data such that the stored data can be delivered to a user via 
a netWork such as the Internet. In at least one embodiment, 
the data system 6 is system of one or more hardWare servers, 
and softWare associated With an internet Web site. In such 
embodiment, data system 6 typically contains one or more 
Web application servers that include the necessary hardWare 
and softWare to store and serve HTML documents, associ 
ated ?les, and scripts to one or more local devices 14 (FIG. 
2) When requested. The Web application servers are typically 
an Intel Pentium-based or RISC based computer systems 
equipped With one or more processors, memory, input/ 
output interfaces, a netWork interface, secondary storage 
devices, and a user interface. The stored data includes 
“pages” Written in hypertext markup language (HTML) and 
may also include attribute and historical data concerning a 
speci?c user. 

[0027] In at least one other embodiment, the data system 
6 is a system that supports a customer call center application. 
Such system includes a memory that stores data associated 
With one or more customers, and softWare and hardWare that 
permit access to such stored data. In a traditional customer 
call center, the stored customer data is manipulated, edited, 
and retrieved by human operators at computer terminals that 
have computeriZed access to the data. In such case, the data 
may be delivered to the human operators via a mechanism 
other than the Internet, such as an internal netWork system. 
In at least one other embodiment, the data system 6 is an 
automated banking system. The foregoing speci?c examples 
of a data system 6 are for informational purposes only, and 
should not be taken to be limiting. 

[0028] FIG. 1 illustrates that the voice integration plat 
form 2 includes a voice gateWay 4. The voice gateWay 4, in 
at least one embodiment, incorporates at least some of the 
functionality of a distributed voice user interface (FIG. 2) 
described beloW. The voice gateWay 4 alloWs the user of a 
local device 14 (FIG. 2) to interact With the device 14 by 
talking to the device 14. 

[0029] FIG. 1 illustrates that the voice gateWay is 
designed to Work in conjunction With a set of service layers 
3, 5, 7, 9, 11, 13. As used herein, the term “service layer” 
refers to a set of one or more softWare components that are 

logically grouped together based on shared attributes. The 
service layers that interact With the voice gateWay 4 include 
the Applications service layer 3, the Personalized Dialogs 
service layer 5, and the Infrastructure service layer 7. The 
voice integration platform 2 also includes a Personalization 
service layer 9, a Content Management service layer 11, and 
an Integration layer 13. The latter three service layers 9, 11, 
13 is each capable of facilitating interaction betWeen the 
data system 6 and any of the remaining three service layers 
3, 5, and 7. A tools service layer 8 is designed to Work in 
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conjunction with the voice gateway 4 and each of the service 
layers 3, 5, 7, 9, 11, 13. The tools service layer 8 set is a set 
of software programming tools that allows a voice applica 
tion developer, for instance, to monitor, test and debug voice 
application software code that he develops using the voice 
integration platform 2. 
[0030] Using the components of the voice integration 
platform 2 as a development platform, a voice application 
designer can develop a speci?c voice user interface 27 that 
is designed to integrate with a speci?c existing data system 
6. In at least one embodiment, the existing data system 6 is 
the set of hardware, software, and data that constitute a Web 
site. Many other types of data systems are contemplated, 
including automated banking systems, customer service call 
centers, and the like. 

[0031] Applications Service Layer 
[0032] The applications service layer 3 includes compo 
nents that add certain functional capabilities to the voice 
interface developed using the voice integration platform 2. 
For instance one of the components of the Applications 
service layer 3 is an email component 23. The email 
component 23 contains software, such as text-to-speech, 
speech-to-text, and directory management software, that 
provides the user the ability to receive and send email 
messages in voice format. Another component of the Appli 
cations service layer 3 is a noti?cation component 25. The 
noti?cation component 25 provides for handing off infor 
mation from the voice user interface 27 to the local device 
14 (FIG. 2) of a live operator when a user opts to transfer 
from an automated voice application to live support. 

[0033] Personalized Dialogs Layer 
[0034] The Personalized Dialogs service layer 5 is a group 
of one or more software components that allow a voice 
applications developer to incorporate natural language con 
cepts into his product in order to present a more human-like 
and conversational speci?c voice user interface. The soft 
ware components of the Personalized Dialogs service layer 
5 implement rules for presenting voice information to a user 
in order to emulate human dialog. Each of the software 
components may include various constituents necessary for 
dialog emulation, such as VoiceXML scripts, .WAV ?les and 
audio ?les that make up the dialog presented to the user, 
recognition grammars that are loaded into speech recogni 
tion components, and software code for manipulating the 
constituents as needed. For example, the Personalized Dia 
logs service layer 5 includes an error-trapping component 
17. The error trapping component 17 is a random prompt 
pool component. A speci?c example of this is the error 
handling functionality, which has software logic that pro 
vides that prompts are not repeated when an error occurs 
with user voice input. The error trapping component 17 
includes code that might provide, upon an error condition, a 
prompt to the user that says, “I didn’t quite get that.” If the 
error condition is not corrected, instead of repeating the 
prompt, the error trapping component might then provide a 
prompt to the user that says, “Could you please repeat your 
selection?” If the error condition is still not corrected, the 
error trapping component 17 might then provide a prompt 
that says, “Well, I’m really not understanding you.” By 
providing a series of distinct error-handling prompts rather 
than repeating the same prompt, a more conversational 
dialog is carried on with the user than is provided by other 
voice interface systems. 
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[0035] As another example, the Personalized Dialogs ser 
vice layer 5 includes a list browse component 19. The list 
browse component 19 provides for presentation of a list of 
items to a user. The list browser component implements 
certain rules when presenting a list of information to a user 
such that the presentation emulates human verbal discourse. 

[0036] Using the components of the Personalized Dialogs 
service layer 5, an application designer can design a voice 
user interface 27 that presents data to the user from an 
existing data system 6, presenting the information in a verbal 
format that is personalized to the particular user. For 
instance, the voice user interface 27 can be designed to 
obtain attribute information about the user. This information 
could come directly from the user, in response to prompts, 
or from another source such as a cookie stored on the user’s 

local device 14 (FIG. 2). The voice user interface 27 can 
also be designed to track historical information among 
multiple sessions with a user, and even to track historical 
information during a single user session. Using this attribute 
and historical data, the components of the Personalized 
Dialogs service layer 5 provide for personalized interaction 
with the user. For an example that uses attribute data, the 
voice user interface programmed by the application designer 
(using the voice integration platform) speaks the user’s 
name when interacting with the user. Similarly, if the user 
attribute data shows that the user lives in a certain US. city, 
the voice user interface can deliver local weather informa 
tion to the user. For an example using historical data across 
more than one session, consider a voice user interface 
between a user and a data system 6 that provides banking 
services and data. If the voice user interface 27 tracks 
historical information that indicates that a user, for 10 out of 
11 previous sessions (whether conducting the session using 
a voice interface or another interface such as a GUI), 
requested a checking account balance upon initiating the 
session, then the Personalized Dialogs service layer 5 pro 
vides for offering the checking account balance to the user 
at the beginning of the session, without requiring that the 
user ?rst request the data. 

[0037] The Personalized Dialogs service layer 5 also pro 
vides for tracking other historical data and using that data to 
personalize dialogs with the user. For instance, the service 
layer 5 can be utilized by the application programmer to 
provide for tracking user preference data regarding adver 
tisements presented to the user during a session. For 
instance, in at least one embodiment the voice integration 
platform 2 provides for presenting voice advertisements to 
the user. The Personalized Dialogs service layer 2 keeps 
track of user action regarding the advertisements. For 
instance, a voice ad might say, “Good Morning, Joe, wel 
come to Global Bank’s online service voice system. Would 
you like to hear about our new money market checking 
account?” The Personalized Dialogs service layer 5 provides 
a component that ensures that the format of the ad is rotated 
so that the wording is different during different sessions. For 
instance, during a different session the ad might say, “Have 
you heard about our new money market checking account?” 
The Personalized Dialog service layer contains a component 
that provides for tracking how many times a user has heard 
the advertisement and tracks the user’s historical responses 
to the advertisement. To track the effectiveness of the ad, the 
Personalized Dialogs service layer 5 keeps track of how 
many users opt to hear more information about the adver 
tised feature. By tracking user responses to various ads, user 
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preference information is obtained. This historical user 
preference information is forwarded to the data system 6. 
Likewise, the Personalized Dialogs service layer 5 has 
access to historical and attribute data concerning a user that 
has been stored on the data system 6. This data may come 
from any of several points of interaction, or “touchpoints”, 
betWeen the user and the data system 6, including telephone 
access to a staffed call center, voice or non-voice interaction 
With the data system 6 from a local device such as a personal 
computer or Wireless device, and voice or non-voice tele 
phone communications. This historical user preference 
information is also maintained for use by the Personalized 
Dialogs service layer 5. The historical user preference 
information, along With preference information from the 
data system 6 that has been obtained during the user’s 
non-voice interaction With the data system 6, is used to 
provide personalized dialogs to the user and to target speci?c 
preference-responsive information to the user. 

[0038] The Personalized Dialogs service layer 5 also 
includes a scheduling component 21 that provides for sce 
nario-driven personalization. Scenario-driven personaliza 
tion provides additional interaction With the user even after 
a voice session has been completed, depending on the types 
of actions taken by the user during the session. For instance, 
the scheduling component 21 provides an automated process 
for forWarding printed material to a user if requested by the 
user during a session. In addition, in certain speci?ed 
situations the scheduling component 21 provides a noti?ca 
tion (i.e., to a customer representative in a call center) to 
perform a folloW-up call Within a speci?ed time period after 
the initial voice session. 

[0039] 
[0040] The Infrastructure service layer 7 is a group of one 
or more softWare components that are necessary for all 
speci?c voice user interfaces 27 developed using the voice 
integration platform 2. For instance, the Infrastructure ser 
vice layer 7 includes a domain controller softWare compo 
nent 15. The domain controller softWare component 15, also 
sometimes referred to as a dialog manager, manages and 
controls the organization and storage of information into 
logically distinct storage categories referred to herein as 
“domains.” For instance, “electronic mail,”“sports scores, 
”“neWs,” and “stock quotes” are examples of four different 
domains. The domain controller softWare component 15 
provides for storage and retrieval of voice data in the 
appropriate domain. In some instances, a piece of voice data 
may be relevant to more than one domain. Accordingly, the 
domain controller softWare component 15 provides for stor 
age of the voice data in each of the appropriate domains. The 
domain controller also traverses the stored domain data to 
retrieve user-speci?ed data of interest. 

Infrastructure Service Layer 

[0041] Personalization Service Layer 

[0042] The personalization service layer 9 contains soft 
Ware modules that facilitate interaction of the speci?c voice 
user interface 27 developed using the voice integration 
platform 2 With personalization data in the data system 6. 
For instance, the data system 6 may include code for a 
personalization rules engine. The personalization rules 
engine on the data system 6 can also be referred to as an 
inferencing engine. The inferencing engine is softWare that 
accesses and processes data stored on the data system 6. For 
eXample, the inferencing engine in a data system that 
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conducts e-commerce may track the types of purchases that 
a particular user has made over time. Based on this infor 

mation, the inferencing engine predicts other products or 
services that might be of interest to the particular user. In this 
manner, the data system 6 generates a “recommended items” 
list for a particular user. The Personalization service layer 9 
provides a softWare module that facilitates presentation of 
the “recommended items” to the user in voice format. 

[0043] Content Management Service Layer 

[0044] The Content Management service layer 11 contains 
one or more softWare modules that facilitate interaction of 
the speci?c voice user interface 27 developed using the 
voice integration platform 2 With content management soft 
Ware on the data system 6. For instance, a data system 6 
that-manages a large amount of data may include content 
management softWare that classi?es each ?le of data by 
associating a meta tag descriptor With the ?le. This meta tag 
descriptor helps classify and identify the contents of the data 
?le. The Content Management service layer 11 provides a 
softWare module that facilitates access by the speci?c voice 
user interface 27 developed using the voice integration 
platform 2 to the content management functionality, includ 
ing meta tag data, of the data system 6. 

[0045] The Content Management service layer 11 also 
contains one or more softWare components that provide for 
enhanced management of audio content. For instance, some 
audio ?les are streamed from a service to the data system in 
broad categories. An eXample of this is the streaming of 
neWs and sports headlines to the data system 6 from the 
Independent Television NeWs (“ITN”) netWork. A content 
management softWare component parses the stream of audio 
content to de?ne constituent portions of the stream. The 
content management softWare module then associates each 
de?ned constituent portion With a particular domain. For 
instance, a sports feed can be parsed into college sports and 
professional sports items that are then associated With the 
appropriate domain. For smaller granularity, the college 
sports items are further parsed and associated With football, 
baseball, basketball, and soccer domains. In this manner the 
content management softWare component provides smaller 
granularity on content than is provided as a streamed audio 
feed. One skilled in the art Will understand that various types 
of audio data can be received by a data system 6, including 
voicemail, Weather information, stock quotes, and email 
messages that have been converted to speech. Therefore, the 
eXample concerning sports and neWs headlines audio feed 
should not be taken to be limiting. 

[0046] In at least one embodiment, a content management 
softWare component facilitates generation of meta tag data 
for information received from an audio feed, such as the ITN 
feed described above. The softWare component provides for 
converting the parsed audio ?les to teXt. Then, the teXt ?les 
are associated With meta data via interaction With the content 
management softWare on the data system 6. 

[0047] In at least one embodiment, a content management 
softWare component provides templates for the creation of 
dialogs in a speci?c voice user interface 27. This feature 
speeds the creation of dialogs and provides a pre-tested 
environment for dialog creation that ensures that related 
components, such as recognition grammars and audio ?les, 
are integrated properly. 
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[0048] 
[0049] The Integration service layer 13 is an input/output 
layer that contains software components for allowing the 
speci?c voice user interface 27 and the data system 6 to 
exchange and share data. 

[0050] Voice GateWay (Distributed VUI System) 
[0051] FIG. 2 illustrates a distributed VUI system 10. 
Voice gateWay 4 (FIG. 1) is a distributed VUI system 10. 
Distributed VUI system 10 includes a remote system 12 
Which may communicate With a number of local devices 14 
(separately designated With reference numerals 14a, 14b, 
14c, 14d, 14e, 14f, 14g, 14h, and 14i) to implement one or 
more distributed VUIs. In one embodiment, a “distributed 
VUI” comprises a voice user interface that may control the 
functioning of a respective local device 14 through the 
services and capabilities of remote system 12. That is, 
remote system 12 cooperates With each local device 14 to 
deliver a separate, sophisticated VUI capable of responding 
to a user and controlling that local device 14. In this Way, the 
sophisticated VUIs provided at local devices 14 by distrib 
uted VUI system 10 facilitate the use of the local devices 14. 
In another embodiment, the distributed VUI enables control 
of another apparatus or system (e.g., a database or a Web 
site), in Which case, the local device 14 serves as a 
“medium.” 

[0052] Each such VUI of system 10 may be “distributed” 
in the sense that speech recognition and speech output 
softWare and/or hardWare can be implemented in remote 
system 12 and the corresponding functionality distributed to 
the respective local device 14. Some speech recognition/ 
output softWare or hardWare can be implemented in each of 
local devices 14 as Well. 

[0053] When implementing distributed VUI system 10 
described herein, a number of factors may be considered in 
dividing the speech recognition/output functionality 
betWeen local devices 14 and remote system 12. These 
factors may include, for example, the amount of processing 
and memory capability available at each of local devices 14 
and remote system 12; the bandWidth of the link betWeen 
each local device 14 and remote system 12; the kinds of 
commands, instructions, directions, or requests expected 
from a user, and the respective, expected frequency of each; 
the expected amount of use of a local device 14 by a given 
user; the desired cost for implementing each local device 14; 
etc. In one embodiment, each local device 14 may be 
customiZed to address the speci?c needs of a particular user, 
thus providing a technical advantage. 

[0054] Local Devices 

Integration Service Layer 

[0055] Each local device 14 can be an electronic device 
With a processor having a limited amount of processing or 
computing poWer. For example, a local device 14 can be a 
relatively small, portable, inexpensive, and/or loW poWer 
consuming “smart device,” such as a personal digital assis 
tant (PDA), a Wireless remote control (e.g., for a television 
set or stereo system), a smart telephone (such as a cellular 
phone or a stationary phone With a screen), or smart jeWelry 
(e.g., an electronic Watch). A local device 14 may also 
comprise or be incorporated into a larger device or system, 
such as a television set, a television set top box (e. g., a cable 
receiver, a satellite receiver, or a video game station), a video 
cassette recorder, a video disc player, a radio, a stereo 
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system, an automobile dashboard component, a microWave 
oven, a refrigerator, a household security system, a climate 
control system (for heating and cooling), or the like. 

[0056] In one embodiment, a local device 14 uses elemen 
tary techniques (e. g., the push of a button) to detect the onset 
of speech. Local device 14 then performs preliminary pro 
cessing on the speech Waveform. For example, local device 
14 may transform speech into a series of feature vectors or 
frequency domain parameters (Which differ from the digi 
tiZed or compressed speech used in vocoders or cellular 
phones). Speci?cally, from the speech Waveform, the local 
device 14 may extract various feature parameters, such as, 
for example, cepstral coef?cients, Fourier coef?cients, linear 
predictive coding (LPC) coef?cients, or other spectral 
parameters in the time or frequency domain. These spectral 
parameters (also referred to as features in automatic speech 
recognition systems), Which Would normally be extracted in 
the ?rst stage of a speech recognition system, are transmitted 
to remote system 12 for processing therein. Speech recog 
nition and/or speech output hardWare/softWare at remote 
system 12 (in communication With the local device 14) then 
provides a sophisticated VUI through Which a user can input 
commands, instructions, or directions into, and/or retrieve 
information or obtain responses from, the local device 14. 

[0057] In another embodiment, in addition to performing 
preliminary signal processing (including feature parameter 
extraction), at least a portion of local devices 14 may each 
be provided With its oWn resident VUI. This resident VUI 
alloWs the respective local device 14 to understand and 
speak to a user, at least on an elementary level, Without 
remote system 12. To accomplish this, each such resident 
VUI may include, or be coupled to, suitable input/output 
devices (e.g., microphone and speaker) for receiving and 
outputting audible speech. Furthermore, each resident VUI 
may include hardWare and/or softWare for implementing 
speech recognition (e.g., automatic speech recognition 
(ASR) softWare) and speech output (e.g., recorded or gen 
erated speech output softWare). An exemplary embodiment 
for a resident VUI of a local device 14 is described beloW in 
more detail. 

[0058] A local device 14 With a resident VUI may be, for 
example, a remote control for a television set. Auser may 
issue a command to the local device 14 by stating “Channel 
four” or “Volume up,” to Which the local device 14 responds 
by changing the channel on the television set to channel four 
or by turning up the volume on the set. 

[0059] Because each local device 14, by de?nition, has a 
processor With limited computing poWer, the respective 
resident VUI for a local device 14, taken alone, generally 
does not provide extensive speech recognition and/or speech 
output capability. For example, rather than implement a 
more complex and sophisticated natural language (NL) 
technique for speech recognition, each resident VUI may 
perform “Word spotting” by scanning speech input for the 
occurrence of one or more “keyWords.” Furthermore, each 
local device 14 Will have a relatively limited vocabulary 
(e.g., less than one hundred Words) for its resident VUI. As 
such, a local device 14, by itself, is only capable of respond 
ing to relatively simple commands, instructions, directions, 
or requests from a user. 

[0060] In instances Where the speech recognition and/or 
speech output capability provided by a resident VUI of a 
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local device 14 is not adequate to address the needs of a user, 
the resident VUI can be supplemented With the more exten 
sive capability provided by remote system 12. Thus, the 
local device 14 can be controlled by spoken commands and 
otherWise actively participate in verbal exchanges With the 
user by utilizing more complex speech recognition/output 
hardWare and/or softWare implemented at remote system 12 
(as further described herein). 
[0061] Each local device 14 may further comprise a 
manual input device—such as a button, a toggle sWitch, a 
keypad, or the like—by Which a user can interact With the 
local device 14 (and also remote system 12 via a suitable 
communication network) to input commands, instructions, 
requests, or directions Without using either the resident or 
distributed VUI. For example, each local device 14 may 
include hardWare and/or softWare supporting the interpreta 
tion and issuance of dual tone multiple frequency (DTMF) 
commands. In one embodiment, such manual input device 
can be used by the user to activate or turn on the respective 
local device 14 and/or initiate communication With remote 
system 12. 

[0062] Remote System 
[0063] In general, remote system 12 supports a relatively 
sophisticated VUI Which can be utiliZed When the capabili 
ties of any given local device 14 alone are insufficient to 
address or respond to instructions, commands, directions, or 
requests issued by a user at the local device 14. The VI at 
remote system 12 can be implemented With speech recog 
nition/output hardWare and/or softWare suitable for perform 
ing the functionality described herein. 
[0064] The VUI of remote system 12 interprets the vocal 
iZed expressions of a user—communicated from a local 
device 14—so that remote system 12 may itself respond, or 
alternatively, direct the local device 14 to respond, to the 
commands, directions, instructions, requests, and other input 
spoken by the user. As such, remote system 12 completes the 
task of recogniZing Words and phrases. 
[0065] The VUI at remote system 12 can be implemented 
With a different type of automatic speech recognition (ASR) 
hardWare/softWare than local devices 14. For example, in 
one embodiment, rather than performing “Word spotting,” as 
may occur at local devices 14, remote system 12 may use a 
larger vocabulary recogniZer, implemented With Word and 
optional sentence recognition grammars. A recognition 
grammar speci?es a set of directions, commands, instruc 
tions, or requests that, When spoken by a user, can be 
understood by a VUI. In other Words, a recognition grammar 
speci?es What sentences and phrases are to be recogniZed by 
the VUI. For example, if a local device 14 comprises a 
microWave oven, a distributed VUI for the same can include 
a recognition grammar that alloWs a user to set a cooking 
time by saying, “Oven high for half a minute,” or “Cook on 
high for thirty seconds,” or, alternatively, “Please cook for 
thirty seconds at high.” Commercially available speech 
recognition systems With recognition grammars are pro 
vided by ASR technology vendors such as, for example, the 
folloWing: Nuance Corporation of Menlo Park, Calif.; 
Dragon Systems of NeWton, Mass.; IBM of Austin, Tex.; 
KurZWeil Applied Intelligence of Waltham, Mass.; Lernout 
Hauspie Speech Products of Burlington, Mass.; and Pure 
Speech, Inc. of Cambridge, Mass. 

[0066] Remote system 12 may process the directions, 
commands, instructions, or requests that it has recogniZed or 
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understood from the utterances of a user. During processing, 
remote system 12 can, among other things, generate control 
signals and reply messages, Which are returned to a local 
device 14. Control signals are used to direct or control the 
local device 14 in response to user input. For example, in 
response to a user command of “Turn up the heat to 82 
degrees,” control signals may direct a local device 14 
incorporating a thermostat to adjust the temperature of a 
climate control system. Reply messages are intended for the 
immediate consumption of a user at the local device and may 
take the form of video or audio, or text to be displayed at the 
local device. As a reply message, the VUI at remote system 
12 may issue audible output in the form of speech that is 
understandable by a user. 

[0067] For issuing reply messages, the VUI of remote 
system 12 may include capability for speech generation 
(synthesiZed speech) and/or play-back (previously recorded 
speech). Speech generation capability can be implemented 
With text-to-speech (TTS) hardWare/softWare, Which con 
verts textual information into synthesiZed, audible speech. 
Speech play-back capability may be implemented With an 
analog-to-digital converter driven by CD ROM (or 
other digital memory device), a tape player, a laser disc 
player, a specialiZed integrated circuit (IC) device, or the 
like, Which plays back previously recorded human speech. 

[0068] In speech play-back, a person (preferably a voice 
model) recites various statements Which may desirably be 
issued during an interactive session With a user at a local 
device 14 of distributed VUI system 10. The person’s voice 
is recorded as the recitations are made. The recordings are 
separated into discrete messages, each message comprising 
one or more statements that Would desirably be issued in a 
particular context (e.g., greeting, fareWell, requesting 
instructions, receiving instructions, etc.). AfterWards, When 
a user interacts With distributed VUI system 10, the recorded 
messages are played back to the user When the proper 
context arises. 

[0069] The reply messages generated by the VUI at 
remote system 12 can be made to be consistent With any 
messages provided by the resident VUI of a local device 14. 
For example, if speech play-back capability is used for 
generating speech, the same person’s voice may be recorded 
for messages output by the resident VUI of the local device 
14 and the VUI of remote system 12. If synthesiZed (com 
puter-generated) speech capability is used, a similar sound 
ing arti?cial voice may be provided for the VUIs of both 
local devices 14 and remote system 12. In this Way, the 
distributed VUI of system 10 provides to a user an interac 
tive interface Which is “seamless” in the sense that the user 
cannot distinguish betWeen the simpler, resident VUI of the 
local device 14 and the more sophisticated VUI of remote 
system 12. 

[0070] In one embodiment, the speech recognition and 
speech play-back capabilities described herein can be used 
to implement a voice user interface With personality, as 
taught by US. patent application Ser. No. 09/071,717, 
entitled “Voice User Interface With Personality,” the text of 
Which is incorporated herein by reference. 

[0071] Remote system 12 may also comprise hardWare 
and/or softWare supporting the interpretation and issuance of 
commands, such as dual tone multiple frequency (DTMF) 
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commands, so that a user may alternatively interact With 
remote system 12 using an alternative input device, such as 
a telephone key pad. 

[0072] Remote system 12 may be in communication With 
the “Internet,” thus providing access thereto for users at 
local devices 14. The Internet is an interconnection of 
computer “clients” and “servers” located throughout the 
World and exchanging information according to Transmis 
sion Control Protocol/Internet Protocol (TCP/IP), Internet 
Work Packet eXchange/Sequence Packet eXchange (IPX/ 
SPX), AppleTalk, or other suitable protocol. The Internet 
supports the distributed application knoWn as the “World 
Wide Web.” Web servers may exchange information With 
one another using a protocol knoWn as hypertext transport 
protocol Information may be communicated from 
one server to any other computer using HTTP and is 
maintained in the form of Web pages, each of Which can be 
identi?ed by a respective uniform resource locator (URL). 
Remote system 12 may function as a client to interconnect 
With Web servers. The interconnection may use any of a 
variety of communication links, such as, for example, a local 
telephone communication line or a dedicated communica 
tion line. Remote system 12 may comprise and locally 
execute a “Web broWser” or “Web proxy” program. A Web 
broWser is a computer program that alloWs remote system 
12, acting as a client, to exchange information With the 
World Wide Web. Any of a variety of Web broWsers are 
available, such as NETSCAPE NAVIGATOR from AOL 
Time Warner Inc. of NeW York, NY, INTERNET 
EXPLORER from Microsoft Corporation of Redmond, 
Wash., and others that alloW users to conveniently access 
and navigate the Internet. A Web proxy is a computer 
program Which (via the Internet) can, for example, elec 
tronically integrate the systems of a company and its ven 
dors and/or customers, support business transacted elec 
tronically over the netWork (i.e., “e-commerce”), and 
provide automated access to Web-enabled resources. Any 
number of Web proxies are available, such as B2B INTE 
GRATION SERVER from WebMethods of Fairfax, Va., and 
MICROSOFT PROXY SERVER from Microsoft Corpora 
tion of Redmond, Wash. The hardWare, softWare, and pro 
tocols—as Well as the underlying concepts and techniques— 
supporting the Internet are generally understood by those in 
the art. 

[0073] Communication NetWork 

[0074] One or more suitable communication netWorks 
enable local devices 14 to communicate With remote system 
12. For example, as shoWn, local devices 14a, 14b, and 14c 
communicate With remote system 12 via telecommunica 
tions netWork 16; local devices 14d, 14c, and 14f commu 
nicate via local area netWork (LAN) 18; and local devices 
14g, 14h, and 14i communicate via the Internet. 

[0075] Telecommunications netWork 16 alloWs a user to 
interact With remote system 12 from a local device 14 via a 
telecommunications line, such as an analog telephone line, 
a digital T1 line, a digital T3 line, or an OC3 telephony feed. 
Telecommunications netWork 16 may include a public 
sWitched telephone netWork (PSTN) and/or a private system 
(e.g., cellular system) implemented With a number of 
sWitches, Wire lines, ?ber-optic cable, land-based transmis 
sion toWers, space-based satellite transponders, etc. In one 
embodiment, telecommunications netWork 16 may include 
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any other suitable communication system, such as a spe 
cialiZed mobile radio (SMR) system. As such, telecommu 
nications netWork 16 may support a variety of communica 
tions, including, but not limited to, local telephony, toll (i.e., 
long distance), and Wireless (e.g., analog cellular system, 
digital cellular system, Personal Communication System 
(PCS), Cellular Digital Packet Data (CDPD), ARDIS, RAM 
Mobile Data, Metricom Ricochet, paging, and Enhanced 
SpecialiZed Mobile Radio (ESMR)). Telecommunications 
netWork 16 may utiliZe various calling protocols (e.g., 
Inband, Integrated Services Digital NetWork (ISDN) and 
Signaling System No. 7 (SS7) call protocols) and other 
suitable protocols (e.g., Enhanced Throughput Cellular 
(ETC), Enhanced Cellular Control (EC2), MNP 10, MNP10 
EC, Throughput Accelerator (TXCEL), Mobile Data Link 
Protocol, etc.). Transmissions over telecommunications net 
Work system 16 may be analog or digital. Transmission may 
also include one or more infrared links (e.g., IRDA). 

[0076] In general, local area netWork (LAN) 18 connects 
a number of hardWare devices in one or more of various 

con?gurations or topologies, Which may include, for 
example, Ethernet, token ring, and star, and provides a path 
(e.g., bus) Which alloWs the devices to communicate With 
each other. With local area netWork 18, multiple users are 
given access to a central resource. As depicted, users at local 
devices 14d, 14c, and 14f are given access to remote system 
12 for provision of the distributed VUI. 

[0077] For communication over the Internet, remote sys 
tem 12 and/or local devices 14g, 14h, and 14i may be 
connected to, or incorporate, servers and clients communi 
cating With each other using the protocols (e.g., TCP/IP or 
UDP), addresses (e. g., URL), links (e.g., dedicated line), and 
broWsers (e.g., NETSCAPE NAVIGATOR) described 
above. 

[0078] As an alternative, or in addition, to telecommuni 
cations netWork 16, local area netWork 18, or the Internet (as 
depicted in FIG. 1), distributed VUI system 10 may utiliZe 
one or more other suitable communication netWorks. Such 
other communication netWorks may comprise any suitable 
technologies for transmitting/receiving analog or digital 
signals. For example, such communication netWorks may 
comprise cable modems, satellite, radio, and/or infrared 
links. 

[0079] The connection provided by any suitable commu 
nication netWork (e.g., telecommunications netWork 16, 
local area netWork 18, or the Internet) can be transient. That 
is, the communication netWork need not continuously sup 
port communication betWeen local devices 14 and remote 
system 12, but rather, only provides data and signal transfer 
there betWeen When a local device 14 requires assistance 
from remote system 12. Accordingly, operating costs (e.g., 
telephone facility charges) for distributed VUI system 10 
can be substantially reduced or minimiZed. 

[0080] Operation of Voice GateWay (In General) 

[0081] In generaliZed operation, each local device 14 can 
receive input in the form of vocaliZed expressions (i.e., 
speech input) from a user and may perform preliminary or 
initial signal processing, such as, for example, feature 
extraction computations and elementary speech recognition 
computations. The local device 14 then determines Whether 
it is capable of further responding to the speech input from 
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the user. If not, local device 14 communicates—for 
example, over a suitable network, such as telecommunica 
tions network 16 or local area network (LAN) 18—with 
remote system 12. Remote system 12 performs its own 
processing, which may include more advanced speech rec 
ognition techniques and the accessing of other resources 
(e.g., data available on the Internet). Afterwards, remote 
system 12 returns a response to the local device 14. Such 
response can be in the form of one or more reply messages 
and/or control signals. The local device 14 delivers the 
messages to its user, and the control signals modify the 
operation of the local device 14. 

[0082] Local Device (Details) 

[0083] FIG. 3 illustrates details for a local device 14, 
according to an embodiment of the present invention. As 
depicted, local device 14 comprises a primary functionality 
component 19, a microphone 20, a speaker 22, a manual 
input device 24, a display 26, a processing component 28, a 
recording device 30, and a transceiver 32. 

[0084] Primary functionality component 19 performs the 
primary functions for which the respective local device 14 is 
provided. For example, if local device 14 comprises a 
personal digital assistant (PDA), primary functionality com 
ponent 19 can maintain a personal organiZer which stores 
information for names, addresses, telephone numbers, 
important dates, appointments, and the like. Similarly, if 
local device 14 comprises a stereo system, primary func 
tionality component 19 can output audible sounds for a 
user’s enjoyment by tuning into radio stations, playing tapes 
or compact discs, etc. If local device 14 comprises a micro 
wave oven, primary functionality component 19 can cook 
foods. Primary functionality component 19 may be con 
trolled by control signals which are generated by the remain 
der of local device 14, or remote system 12, in response to 
a user’s commands, instructions, directions, or requests. 
Primary functionality component 19 is optional, and there 
fore, may not be present in every implementation of a local 
device 14; such a device could be one having a sole purpose 
of sending or transmitting information. 

[0085] Microphone 20 detects the audible expressions 
issued by a user and relays the same to processing compo 
nent 28 for processing within a parameter extraction com 
ponent 34 and/or a resident voice user interface (VUI) 36 
contained therein. Speaker 22 outputs audible messages or 
prompts which can originate from resident VI 36 of local 
device 14, or alternatively, from the VUI at remote system 
12. Speaker 22 is optional, and therefore, may not be present 
in every implementation; for example, a local device 14 can 
be implemented such that output to a user is via display 26 
or primary functionality component 19. 

[0086] Manual input device 24 comprises a device by 
which a user can manually input information into local 
device 14 for any of a variety of purposes. For example, 
manual input device 24 may comprise a keypad, button, 
switch, or the like, which a user can depress or move to 
activate/deactivate local device 14, control local device 14, 
initiate communication with remote system 12, input data to 
remote system 12, etc. Manual input device 24 is optional, 
and therefore, may not be present in every implementation; 
for example, a local device 14 can be implemented such that 
user input is via microphone 20 only. Display 26 comprises 
a device, such as, for example, a liquid-crystal display 
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(LCD) or light-emitting diode (LED) screen, which displays 
data visually to a user. In some embodiments, display 26 
may comprise an interface to another device, such as a 
television set. Display 26 is optional, and therefore, may not 
be present in every implementation; for example, a local 
device 14 can be implemented such that user output is via 
speaker 22 only. 
[0087] Processing component 28 is connected to each of 
primary functionality component 19, microphone 20, 
speaker 22, manual input device 24, and display 26. In 
general, processing component 28 provides processing or 
computing capability in local device 14. In one embodiment, 
processing component 28 may comprise a microprocessor 
connected to (or incorporating) supporting memory to pro 
vide the functionality described herein. As previously dis 
cussed, such a processor has limited computing power. 

[0088] Processing component 28 may output control sig 
nals to primary functionality component 19 for control 
thereof. Such control signals can be generated in response to 
commands, instructions, directions, or requests which are 
spoken by a user and interpreted or recogniZed by resident 
VUI 36 and/or remote system 12. For example, if local 
device 14 comprises a household security system, process 
ing component 28 may output control signals for disarming 
the security system in response to a user’s verbaliZed 
command of “Security off, code 4-2-5-6-7.” 

[0089] Parameter extraction component 34 may perform a 
number of preliminary signal processing operations on a 
speech waveform. Among other things, these operations 
transform speech into a series of feature parameters, such as 
standard cepstral coef?cients, Fourier coefficients, linear 
predictive coding (LPC) coef?cients, or other parameters in 
the frequency or time domain. For example, in one embodi 
ment, parameter extraction component 34 may produce a 
twelve-dimensional vector of cepstral coefficients every ten 
milliseconds to model speech input data. Software for 
implementing parameter extraction component 34 is com 
mercially available from line card manufacturers and ASR 
technology suppliers such as Dialogic Corporation of Par 
sippany, N.J., and Natural MicroSystems Inc. of Natick, 
Mass. 

[0090] Resident VUI 36 may be implemented in process 
ing component 28. In general, VUI 36 allows local device 14 
to understand and speak to a user on at least an elementary 
level. As shown, VUI 36 of local device 14 may include a 
barge-in component 38, a speech recognition engine 40, and 
a speech generation engine 42. 

[0091] Barge-in component 38 generally functions to 
detect speech from a user at microphone 20 and, in one 
embodiment, can distinguish human speech from ambient 
background noise. When speech is detected by barge-in 
component 38, processing component 28 ceases to emit any 
speech which it may currently be outputting so that pro 
cessing component 28 can attend to the new speech input. 
Thus, a user is given the impression that he or she can 
interrupt the speech generated by local device 14 (and the 
distributed VUI system 10) simply by talking. Software for 
implementing barge-in component 38 is commercially avail 
able from line card manufacturers and ASR technology 
suppliers such as Dialogic Corporation of Parsippany, N.J., 
and Natural MicroSystems Inc. of Natick, Mass. Barge-in 
component 38 is optional, and therefore, may not be present 
in every implementation. 



US 2005/0261907 A1 

[0092] Speech recognition engine 40 can recognize speech 
at an elementary level, for example, by performing keyword 
searching. For this purpose, speech recognition engine 40 
may comprise a keyword search component 44 which is able 
to identify and recogniZe a limited number (e. g., 100 or less) 
of keywords. Each keyword may be selected in advance 
based upon commands, instructions, directions, or requests 
which are expected to be issued by a user. In one embodi 
ment, speech recognition engine 40 may comprise a logic 
state machine. Speech recognition engine 40 can be imple 
mented with automatic speech recognition (ASR) software 
commercially available, for example, from the following 
companies: Nuance Corporation of Menlo Park, Calif.; 
Applied Language Technologies, Inc. of Boston, Mass.; 
Dragon Systems of Newton, Mass.; and PureSpeech, Inc. of 
Cambridge, Mass. Such commercially available software 
typically can be modi?ed for particular applications, such as 
a computer telephony application. As such, the resident VUI 
36 can be con?gured or modi?ed by a user or another party 
to include a customiZed keyword grammar. In one embodi 
ment, keywords for a grammar can be downloaded from 
remote system 12. In this way, keywords already existing in 
local device 14 can be replaced, supplemented, or updated as 
desired. 

[0093] Speech generation engine 42 can output speech, for 
example, by playing back pre-recorded messages, to a user 
at appropriate times. For example, several recorded prompts 
and/or responses can be stored in the memory of processing 
component 28 and played back at any appropriate time. Such 
play-back capability can be implemented with a play-back 
component 46 comprising suitable hardware/software, 
which may include an integrated circuit device. In one 
embodiment, pre-recorded messages (e.g., prompts and 
responses) may be downloaded from remote system 12. In 
this manner, the pre-recorded messages already existing in 
local device 14 can be replaced, supplemented, or updated as 
desired. Speech generation engine 42 is optional, and there 
fore, may not be present in every implementation; for 
example, a local device 14 can be implemented such that 
user output is via display 26 or primary functionality com 
ponent 19 only. 

[0094] Recording device 30, which is connected to pro 
cessing component 28, functions to maintain a record of 
each interactive session with a user (i.e., interaction between 
distributed VUI system 10 and a user after activation, as 
described below). Such record may include the verbal utter 
ances issued by a user during a session and preliminarily 
processed by parameter extraction component 34 and/or 
resident VUI 36. These recorded utterances are exemplary of 
the language used by a user and also the acoustic properties 
of the user’s voice. The recorded utterances can be for 
warded to remote system 12 for further processing and/or 
recognition. In a robust technique, the recorded utterances 
can be analyZed (for example, at remote system 12) and the 
keywords recogniZable by distributed VUI system 10 
updated or modi?ed according to the user’s word choices. 
The record maintained at recording device 30 may also 
specify details for the resources or components used in 
maintaining, supporting, or processing the interactive ses 
sion. Such resources or components can include microphone 
20, speaker 22, telecommunications network 16, local area 
network 18, connection charges (e.g., telecommunications 
charges), etc. Recording device 30 can be implemented with 
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any suitable hardware/software. Recording device 30 is 
optional, and therefore, may not be present in some imple 
mentations. 

[0095] Transceiver 32 is connected to processing compo 
nent 28 and functions to provide bi-directional communica 
tion with remote system 12 over telecommunications net 
work 16. Among other things, transceiver 32 may transfer 
speech and other data to and from local device 14. Such data 
may be coded, for example, using 32-KB Adaptive Differ 
ential Pulse Coded Modulation (ADPCM) or 64-KB MU 
law parameters using commercially available modulation 
devices from, for example, Rockwell International of New 
port Beach, Calif. In addition, or alternatively, speech data 
may be transfer coded as LPC parameters or other param 
eters achieving low bit rates (e.g., 4.8 Kbits/sec), or using a 
compressed format, such as, for example, with commer 
cially available software from Voxware of Princeton, N.J. 
Data sent to remote system 12 can include frequency domain 
parameters extracted from speech by processing component 
28. Data received from remote system 12 can include that 
supporting audio and/or video output at local device 14, and 
also control signals for controlling primary functionality 
component 19. The connection for transmitting data to 
remote system 12 can be the same or different from the 
connection for receiving data from remote system 12. In one 
embodiment, a “high bandwidth” connection is used to 
return data for supporting audio and/or video, whereas a 
“low bandwidth” connection may be used to return control 
signals. 

[0096] In one embodiment, in addition to, or in lieu of, 
transceiver 32, local device 14 may comprise a local area 
network (LAN) connector and/or a wide area network 
(WAN) connector (neither of which are explicitly shown) for 
communicating with remote system 12 via local area net 
work 18 or the Internet, respectively. The LAN connector 
can be implemented with any device which is suitable for the 
con?guration or topology (e.g., Ethernet, token ring, or star) 
of local area network 18. The WAN connector can be 
implemented with any device (e.g., router) supporting an 
applicable protocol (e.g., TCP/IP, IPX/SPX, or AppleTalk). 

[0097] Local device 14 may be activated upon the occur 
rence of any one or more activation or triggering events. For 

example, local device 14 may activate at a predetermined 
time (e.g., 7:00 am. each day), at the lapse of a predeter 
mined interval (e.g., twenty-four hours), or upon triggering 
by a user at manual input operating—listening to speech 
issued from a user, extracting feature parameters (e.g., 
cepstral, Fourier, or LPC) from the speech, and/or scanning 
for keyword “wake up” phrases. 

[0098] After activation and during operation, when a user 
verbally issues commands, instructions, directions, or 
requests at microphone 20 or inputs the same at manual 
input device 24, local device 14 may respond by outputting 
control signals to primary functionality component 19 and/ 
or outputting speech to the user at speaker 22. If local device 
14 is able, it generates these control signals and/or speech by 
itself after processing the user’s commands, instructions, 
directions, or requests, for example, within resident VUI 36. 
If local device 14 is not able to respond by itself (e.g., it 
cannot recogniZe a user’s spoken command) or, alterna 
tively, if a user triggers local device 14 with a “wake up” 
command, local device 14 initiates communication with 
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remote system 12. Remote system 12 may then process the 
spoken commands, instructions, directions, or requests at its 
oWn VUI and return control signals or speech to local device 
14 for forwarding to primary functionality component 19 or 
a user, respectively. 

[0099] For example, local device 14 may, by itself, be able 
to recognize and respond to an instruction of “Dial number 
555-1212,” but may require the assistance of remote device 
12 to respond to a request of “What is the Weather like in 
Chicago?” 

[0100] Remote System (Details) 

[0101] FIG. 4 illustrates details for a remote system 12, 
according to an embodiment of the present invention. 
Remote system 12 may cooperate With local devices 14 to 
provide a distributed VUI for communication With respec 
tive users and to generate control signals for controlling 
respective primary functionality components 19. As 
depicted, remote system 12 comprises a transceiver 50, a 
LAN connector 52, a processing component 54, a memory 
56, and a WAN connector 58. Depending on the combination 
of local devices 14 supported by remote system 12, only one 
of the folloWing may be required, With the other tWo 
optional: transceiver 50, LAN connector 52, or WAN con 
nector 58. 

[0102] Transceiver 50 provides bi-directional communi 
cation With one or more local devices 14 over telecommu 

nications network 16. As shoWn, transceiver 50 may include 
a telephone line card 60 Which alloWs remote system 12 to 
communicate With telephone lines, such as, for example, 
analog telephone lines, digital T1 lines, digital T3 lines, or 
OC3 telephony feeds. Telephone line card 60 can be imple 
mented With various commercially available telephone line 
cards from, for example, Dialogic Corporation of Parsip 
pany, N]. (which supports tWenty-four lines) or Natural 
MicroSystems Inc. of Natick, Mass. (Which supports from 
tWo to forty-eight lines). Among other things, transceiver 50 
may transfer speech data to and from local device 14. 
Speech data can be coded as, for example, 32-KB Adaptive 
Differential Pulse Coded Modulation (ADPCM) or 64-KB 
MU-laW parameters using commercially available modula 
tion devices from, for example, RockWell International of 
NeWport Beach, Calif. In addition, or alternatively, speech 
data may be transfer coded as LPC parameters or other 
parameters achieving loW bit rates (e.g., 4.8 Kbits/sec), or 
using a compressed format, such as, for example, With 
commercially available softWare from VoxWare of Princ 
eton, N]. 

[0103] LAN connector 52 alloWs remote system 12 to 
communicate With one or more local devices over local area 

netWork 18. LAN connector 52 can be implemented With 
any device supporting the con?guration or topology (e.g., 
Ethernet, token ring, or star) of local area netWork 18. LAN 
connector 52 can be implemented With a LAN card com 
mercially available from, for example, 3COM Corporation 
of Santa Clara, Calif. 

[0104] Processing component 54 is connected to trans 
ceiver 50 and LAN connector 52. In general, processing 
component 54 provides processing or computing capability 
in remote system 12. The functionality of processing com 
ponent 54 can be performed by any suitable processor, such 
as a main-frame, a ?le server, a Workstation, or other suitable 
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data processing facility supported by memory (either inter 
nal or external) and running appropriate softWare. In one 
embodiment, processing component 54 can be implemented 
as a physically distributed or replicated system. Processing 
component 54 may operate under the control of any suitable 
operating system (OS), such as MS-DOS, MacINTOSH OS, 
WINDOWS NT, WINDOWS 95, OS/2, UNIX, LINUX, 
XENIX, and the like. 

[0105] Processing component 54 may receive—from 
transceiver 50, LAN connector 52, and WAN connector 
58—commands, instructions, directions, or requests, issued 
by one or more users at local devices 14. Processing 
component 54 processes these user commands, instructions, 
directions, or requests and, in response, may generate con 
trol signals or speech output. 

[0106] For recogniZing and outputting speech, a VUI 62 is 
implemented in processing component 54. This VUI 62 is 
more sophisticated than the resident VUIs 34 of local 
devices 14. For example, VUI 62 can have a more extensive 
vocabulary With respect to both the Word/phrases Which are 
recogniZed and those Which are output. VUI 62 of remote 
system 12 can be made to be consistent With resident VUIs 
34 of local devices 14. For example, the messages or 
prompts output by VUI 62 and VUIs 34 can be generated in 
the same synthesiZed, arti?cial voice. Thus, VUI 62 and 
VUIs 34 operate to deliver a “seamless” interactive interface 
to a user. In some embodiments, multiple instances of VUI 
62 may be provided such that a different VUI is used based 
on the type of local device 14. As shoWn, VUI 62 of remote 
system 12 may include an echo cancellation component 64, 
a barge-in component 66, a signal processing component 68, 
a speech recognition engine 70, and a speech generation 
engine 72. 

[0107] Echo cancellation component 64 removes echoes 
caused by delays (e.g., in telecommunications netWork 16) 
or re?ections from acoustic Waves in the immediate envi 
ronment of a local device 14. This provides “higher quality” 
speech for recognition and processing by VUI 62. SoftWare 
for implementing echo cancellation component 64 is com 
mercially available from Noise Cancellation Technologies 
of Stamford, Conn. 

[0108] Barge-in component 66 may detect speech received 
at transceiver 50, LAN connector 52, or WAN connector 58. 
In one embodiment, barge-in component 66 may distinguish 
human speech from ambient background noise. When barge 
in component 66 detects speech, any speech output by the 
distributed VUI is halted so that VUI 62 can attend to the 
neW speech input. SoftWare for implementing barge-in com 
ponent 66 is commercially available from line card manu 
facturers and ASR technology suppliers such as, for 
example, Dialogic Corporation of Parsippany, N.J., and 
Natural MicroSystems Inc. of Natick, Mass. Barge-in com 
ponent 66 is optional, and therefore, may not be present in 
every implementation. 

[0109] Signal processing component 68 performs signal 
processing operations Which, among other things, may 
include transforming speech data received in time domain 
format (such as ADPCM) into a series of feature parameters 
such as, for example, standard cepstral coef?cients, Fourier 
coef?cients, linear predictive coding (LPC) coef?cients, or 
other parameters in the time or frequency domain. For 
example, in one embodiment, signal processing component 
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68 may produce a tWelve-dimensional vector of cepstral 
coef?cients every 10 milliseconds to model speech input 
data. Software for implementing signal processing compo 
nent 68 is commercially available from line card manufac 
turers and ASR technology suppliers such as Dialogic Cor 
poration of Parsippany, N.J., and Natural MicroSystems Inc. 
of Natick, Mass. 

[0110] Speech recognition engine 70 alloWs remote sys 
tem 12 to recogniZe vocaliZed speech. As shoWn, speech 
recognition engine 70 may comprise an acoustic model 
component 73 and a grammar component 74. Acoustic 
model component 73 may comprise one or more reference 
voice templates Which store previous enunciations (or 
acoustic models) of certain Words or phrases by particular 
users. Acoustic model component 73 recogniZes the speech 
of the same users based upon their previous enunciations 
stored in the reference voice templates. Grammar compo 
nent 74 may specify certain Words, phrases, and/or sentences 
Which are to be recogniZed if spoken by a user. Recognition 
grammars for grammar component 74 can be de?ned in a 
grammar de?nition language (GDL), and the recognition 
grammars speci?ed in GDL can then be automatically 
translated into machine executable grammars. In one 
embodiment, grammar component 74 may also perform 
natural language (NL) processing. HardWare and/or soft 
Ware for implementing a recognition grammar is commer 
cially available from such vendors as the folloWing: Nuance 
Corporation of Menlo Park, Calif.; Dragon Systems of 
Newton, Mass.; IBM of Austin, Tex.; KurZWeil Applied 
Intelligence of Waltham, Mass.; Lemout Hauspie Speech 
Products of Burlington, Mass.; and PureSpeech, Inc. of 
Cambridge, Mass. Natural language processing techniques 
can be implemented With commercial softWare products 
separately available from, for example, UNISYS Corpora 
tion of Blue Bell, Pa. These commercially available hard 
Ware/softWare can typically be modi?ed for particular appli 
cations. 

[0111] Speech generation engine 72 alloWs remote system 
12 to issue verbaliZed responses, prompts, or other mes 
sages, Which are intended to be heard by a user at a local 
device 14. As depicted, speech generation engine 72 com 
prises a text-to-speech (TTS) component 76 and a play-back 
component 78. Text-to-speech component 76 synthesiZes 
human speech by “speaking” text, such as that contained in 
a textual e-mail document. Text-to-speech component 76 
may utiliZe one or more synthetic speech mark-up ?les for 
determining, or containing, the speech to be synthesiZed. 
SoftWare for implementing text-to-speech component 76 is 
commercially available, for example, from the folloWing 
companies: AcuVoice, Inc. of San Jose, Calif.; Centigram 
Communications Corporation of San Jose, Calif.; Digital 
Equipment Corporation (DEC) of Maynard, Mass.; Lucent 
Technologies of Murray Hill, N.J.; and Entropic Research 
Laboratory, Inc. of Washington, DC. Play-back component 
78 plays back pre-recorded messages to a user. For example, 
several thousand recorded prompts or responses can be 
stored in memory 56 of remote system 12 and played back 
at any appropriate time. Speech generation engine 72 is 
optional (including either or both of text-to-speech compo 
nent 76 and play-back component 78), and therefore, may 
not be present in every implementation. 

[0112] Memory 56 is connected to processing component 
54. Memory 56 may comprise any suitable storage medium 
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or media, such as random access memory (RAM), read-only 
memory (ROM), disk, tape storage, or other suitable volatile 
and/or non-volatile data storage system. Memory 56 may 
comprise a relational database. Memory 56 receives, stores, 
and forWards information Which is utiliZed Within remote 
system 12 and, more generally, Within distributed VUI 
system 10. For example, memory 56 may store the softWare 
code and data supporting the acoustic models, grammars, 
text-to-speech, and play-back capabilities of speech recog 
nition engine 70 and speech generation engine 72 Within 
VUI 64. 

[0113] WAN connector 58 is coupled to processing com 
ponent 54. WAN connector 58 enables remote system 12 to 
communicate With the Internet using, for example, Trans 
mission Control Protocol/Internet Protocol (TCP/IP), Inter 
netWork Packet eXchange/Sequence Packet eXchange (IPX/ 
SPX), AppleTalk, or any other suitable protocol. By 
supporting communication With the Internet, WAN connec 
tor 58 alloWs remote system 12 to access various remote 
databases containing a Wealth of information (e.g., stock 
quotes, telephone listings, directions, neWs reports, Weather 
and travel information, etc.) Which can be retrieved/doWn 
loaded and ultimately relayed to a user at a local device 14. 
WAN connector 58 can be implemented With any suitable 
device or combination of devices—such as, for example, 
one or more routers and/or sWitches—operating in conjunc 
tion With suitable softWare. In one embodiment, WAN 
connector 58 supports communication betWeen remote sys 
tem 12 and one or more local devices 14 over the Internet. 

[0114] Operation at Local Device 

[0115] FIG. 5 is a How diagram of an exemplary method 
100 of operation for a local device 14, according to an 
embodiment of the present invention. 

[0116] Method 100 begins at step 102 Where local device 
14 Waits for some activation event, or particular speech 
issued from a user, Which initiates an interactive user ses 

sion, thereby activating processing Within local device 14. 
Such activation event may comprise the lapse of a prede 
termined interval (e.g., tWenty-four hours) or triggering by 
a user at manual input device 24, or may coincide With a 
predetermined time (e.g., 7:00 am. each day). In another 
embodiment, the activation event can be speech from a user. 
Such speech may comprise one or more commands in the 
form of keyWords—e.g., “Start,”“Turn on,” or simply 
“On”—Which are recogniZable by resident VUI 36 of local 
device 14. If nothing has occurred to activate or start 
processing Within local device 14, method 100 repeats step 
102. When an activating event does occur, and hence, 
processing is initiated Within local device 14, method 100 
moves to step 104. 

[0117] At step 104, local device 14 receives speech input 
from a user at microphone 20. This speech input—Which 
may comprise audible expressions of commands, instruc 
tions, directions, or requests spoken by the user—is for 
Warded to processing component 28. At step 106 processing 
component 28 processes the speech input. Such processing 
may comprise preliminary signal processing, Which can 
include parameter extraction and/or speech recognition. For 
parameter extraction, parameter extraction component 34 
transforms the speech input into a series of feature param 
eters, such as standard cepstral coef?cients, Fourier coef? 
cients, LPC coefficients, or other parameters in the time or 
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frequency domain. For speech recognition, resident VUI 36 
distinguishes speech using barge-in component 38, and may 
recogniZe speech at an elementary level (e.g., by performing 
key-Word searching), using speech recognition engine 40. 

[0118] As speech input is processed, processing compo 
nent 28 may generate one or more responses. Such response 
can be a verbaliZed response Which is generated by speech 
generation engine 42 and output to a user at speaker 22. 
Alternatively, the response can be in the form of one or more 
control signals, Which are output from processing compo 
nent 28 to primary functionality component 19 for control 
thereof. Steps 104 and 106 may be repeated multiple times 
for various speech input received from a user. 

[0119] At step 108, processing component 28 determines 
Whether processing of speech input locally at local device 14 
is sufficient to address the commands, instructions, direc 
tions, or requests from a user. If so, method 100 proceeds to 
step 120 Where local device 14 takes action based on the 
processing, for example, by replying to a user and/or con 
trolling primary functionality component 19. OtherWise, if 
local processing is not sufficient, then at step 110, local 
device 14 establishes a connection betWeen itself and remote 
device 12, for example, via telecommunications netWork 16 
or local area netWork 18. 

[0120] At step 112, local device 14 transmits data and/or 
speech input to remote system 12 for processing therein. 
Local device 14 at step 113 then Waits, for a predetermined 
period, for a reply or response from remote system 12. At 
step 114, local device 14 determines Whether a time-out has 
occurred—i.e., Whether remote system 12 has failed to reply 
Within a predetermined amount of time allotted for response. 
A response from remote system 12 may comprise data for 
producing an audio and/or video output to a user, and/or 
control signals for controlling local device 14 (especially, 
primary functionality component 19). 

[0121] If it is determined at step 114 that remote system 12 
has not replied Within the time-out period, local device 14 
may terminate processing, and method 100 ends. OtherWise, 
if a time-out has not yet occurred, then at step 116 processing 
component 28 determines Whether a response has been 
received from remote system 12. If no response has yet been 
received from remote system 12, method 100 returns to step 
113 Where local device 14 continues to Wait. Local device 14 
repeats steps 113, 114, and 116 until either the time-out 
period has lapsed or, alternatively, a response has been 
received from remote system 12. 

[0122] After a response has been received from remote 
system 12, then at step 118 local device 14 may terminate the 
connection betWeen itself and remote device 12. In one 
embodiment, if the connection comprises a toll-bearing 
public sWitched telephone netWork (PSTN) connection, ter 
mination can be automatic (e.g., after the lapse of a time-out 
period). In another embodiment, termination is user-acti 
vated; for example, the user may enter a predetermined 
series of dual tone multiple frequency (DTMF) signals at 
manual input device 24. 

[0123] At step 120, local device 14 takes action based 
upon the response from remote system 12. This may include 
outputting a reply message (audible or visible) to the user 
and/or controlling the operation of primary functionality 
component 19. 
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[0124] At step 122, local device 14 determines Whether 
this interactive session With a user should be ended. For 
example, in one embodiment, a user may indicate his or her 
desire to end the session by ceasing to interact With local 
device 14 for a predetermined (time-out) period, or by 
entering a predetermined series of dual tone multiple fre 
quency (DTMF) signals at manual input device 24. If it is 
determined at step 122 that the interactive session should not 
be ended, then method 100 returns to step 104 Where local 
device 14 receives speech from a user. OtherWise, if it is 
determined that the session should be ended, method 100 
ends. 

[0125] Operation at Remote System 
[0126] FIG. 6 is a How diagram of an exemplary method 
200 of operation for remote system 12, according to an 
embodiment of the present invention. 

[0127] Method 200 begins at step 202 Where remote 
system 12 aWaits user input from a local device 14. Such 
input—Which may be received at transceiver 50, LAN 
connector 52, or WAN connector 58—may specify a com 
mand, instruction, direction, or request from a user. The 
input can be in the form of data, such as a DTMF signal or 
speech. When remote system 12 has received an input, such 
input is forWarded to processing component 54. 

[0128] Processing component 54 then processes or oper 
ates upon the received input. For example, assuming that the 
input is in the form of speech, echo cancellation component 
64 of VUI 62 may remove echoes caused by transmission 
delays or re?ections, and barge-in component 66 may detect 
the onset of human speech. Furthermore, at step 204, speech 
recognition engine 70 of VUI 62 compares the command, 
instruction, direction, or request speci?ed in the input 
against grammars Which are contained in grammar compo 
nent 74. These grammars may specify certain Words, 
phrases, and/or sentences Which are to be recogniZed if 
spoken by a user. Alternatively, speech recognition engine 
70 may compare the speech input against one or more 
acoustic models contained in acoustic model component 73. 

[0129] At step 206, processing component 62 determines 
Whether there is a match betWeen the verbaliZed command, 
instruction, direction, or request spoken by a user and a 
grammar (or acoustic model) recogniZable by speech rec 
ognition engine 70. If so, method 200 proceeds to step 224 
Where remote system 12 responds to the recogniZed com 
mand, instruction, direction, or request, as further described 
beloW. On the other hand, if it is determined at step 206 that 
there is no match (betWeen a grammar (or acoustic model) 
and the user’s spoken command, instruction, direction, or 
request), then at step 208 remote system 12 requests more 
input from a user. This can be accomplished, for example, by 
generating a spoken request in speech generation engine 72 
(using either text-to-speech component 76 or play-back 
component 78) and then forWarding such request to local 
device 14 for output to the user. 

[0130] When remote system 12 has received more spoken 
input from the user (at transceiver 50, LAN connector 52, or 
WAN connector 58), processing component 54 again pro 
cesses the received input (for example, using echo cancel 
lation component 64 and barge-in component 66). At step 
210, speech recognition engine 70 compares the most 
recently received speech input against the grammars of 
grammar component 74 (or the acoustic models of acoustic 
model component 73). 
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[0131] At step 212, processing component 54 determines 
Whether there is a match betWeen the additional input and 
the grammars (or the acoustic models). If there is a match, 
method 200 proceeds to step 224. Alternatively, if there is no 
match, then at step 214 processing component 54 determines 
Whether remote system 12 should again attempt to solicit 
speech input from the user. In one embodiment, a predeter 
mined number of attempts may be provided for a user to 
input speech; a counter for keeping track of these attempts 
is reset each time method 200 performs step 202, Where 
input speech is initially received. If it is determined that 
there are additional attempts left, then method 200 returns to 
step 208 Where remote system 12 requests (via local device 
14) more input from a user. 

[0132] OtherWise, method 200 moves to step 216 Where 
processing component 54 generates a message directing the 
user to select from a list of commands or requests Which are 
recogniZable by VUI 62. This message is forWarded to local 
device 14 for output to the user. For eXample, in one 
embodiment, the list of commands or requests is displayed 
to a user on display 26. Alternatively, the list can be spoken 
to the user via speaker 22. 

[0133] In response to the message, the user may then 
select from the list by speaking one or more of the com 
mands or requests. This speech input is then forWarded to 
remote system 12. At step 218, speech recognition engine 70 
of VUI 62 compares the speech input against the grammars 
(or the acoustic models) contained therein. 
[0134] At step 220, processing component 54 determines 
Whether there is a match betWeen the additional input and 
the grammars (or the acoustic models). If there is a match, 
method 200 proceeds to step 224. OtherWise, if there is no 
match, then at step 222 processing component 54 determines 
Whether remote system 12 should again attempt to solicit 
speech input from the user by having the user select from the 
list of recogniZable commands or requests. In one embodi 
ment, a predetermined number of attempts may be provided 
for a user to input speech in this Way; a counter for keeping 
track of these attempts is reset each time method 200 
performs step 202, Where input speech is initially received. 
If it is determined that there are additional attempts left, then 
method 200 returns to step 216 Where remote system 12 (via 
local device 14) requests that the user select from the list. 
Alternatively, if it is determined that no attempts are left 
(and hence, remote system 12 has failed to receive any 
speech input that it can recogniZe), method 200 moves to 
step 226. 

[0135] At step 224, remote system 12 responds to the 
command, instruction, direction or request from a user. Such 
response may include accessing the Internet via LAN con 
nector 58 to retrieve requested data or information. Further 
more, such response may include generating one or more 
vocaliZed replies (for output to a user) or control signals (for 
directing or controlling local device 14). 
[0136] At step 226, remote system 12 determines Whether 
this session With local device 14 should be ended (for 
eXample, if a time-out period has lapsed). If not, method 200 
returns to step 202 Where remote system 12 Waits for another 
command, instruction, direction, or request from a user. 
OtherWise, if it is determined at step 216 that there should 
be an end to this session, method 200 ends. 

[0137] In an alternative operation, rather than passively 
Waiting for user input from a local device 14 to initiate a 
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session betWeen remote system 12 and the local device, 
remote system 12 actively triggers such a session. For 
eXample, in one embodiment, remote system 12 may 
actively monitor stock prices on the Internet and initiate a 
session With a relevant local device 14 to inform a user When 
the price of a particular stock rises above, or falls beloW, a 
predetermined level. 

[0138] Accordingly, as described herein, the present 
invention provides a system and method for a distributed 
voice user interface (VUI) in Which remote system 12 
cooperates With one or more local devices 14 to deliver a 
sophisticated voice user interface at each of local devices 14. 

CONCLUSION 

[0139] Although particular embodiments of the present 
invention have been shoWn and described, it Will be obvious 
to those skilled in the art that changes and modi?cations may 
be made Without departing from the present invention in its 
broader aspects, and therefore, the appended claims are to 
encompass Within their scope all such changes and modi? 
cations that fall Within the true scope of the present inven 
tion. 

What is claimed is: 
1. A system comprising: 

a data system; and 

a voice user interface adapted to permit a user to conduct 
commercial transactions via the data system; 

Wherein the voice user interface comprises an inferencing 
engine adapted to analyZe data relating to previous 
commercial transactions made by a user, to identify 
products and/or services of interest to the user based on 
the analysis, and to provide voice content to the user 
that relates to the identi?ed products and/or services. 

2. The system of claim 1, Wherein the inferencing engine 
is further adapted to generate a list of recommended prod 
ucts and/or services for a particular user and to provide the 
list to the user in a voice format. 

3. The system of claim 1, Wherein the data relating to 
previous commercial transactions made by a user is stored in 
the data system. 

4. The system of claim 1, Wherein the data system 
comprises a Web application server. 

5. The system of claim 1, Wherein the data system 
comprises a system that supports a customer call center 
application. 

6. The system of claim 1, Wherein the data system 
comprises an automated banking system. 

7. The system of claim 1, Wherein the voice user interface 
is implemented in part on a device that is local With respect 
to a user and in part on a system that is remote With respect 
to the user. 

8. Avoice integration platform for developing a voice user 
interface to a data system, the voice integration platform 
comprising: 

a voice gateWay adapted to permit voice interaction With 
a user; 

one or more voice applications that alloW a user to 
conduct commercial transactions via the data system; 
and 




