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MULTI-MODAL WEB INTERACTION OVER 
WIRELESS NETWORK 

FIELD OF INVENTION 

[0001] This invention relates to web interaction over a 
wireless network between wireless communication devices 
and an Internet application. Particularly, the present inven 
tion relates to multi-modal web interaction over wireless 
network, which enables users to interact with an Internet 
application in a variety of ways. 

BACKGROUND OF THE INVENTION 

[0002] Wireless communication devices are becoming 
increasingly prevalent for personal communication needs. 
These devices include, for example, cellular telephones, 
alphanumeric pagers, “palmtop” computers, personal infor 
mation managers (PIMS), and other small, primarily hand 
held communication and computing devices. Wireless com 
munication devices have matured considerably in their 
features and now support not only basic point-to-point 
communication functions like telephone calling, but more 
advanced communications functions, such as electronic 
mail, facsimile receipt and transmission, Internet access and 
browsing of the World Wide Web, and the like. 

[0003] Generally, conventional wireless communication 
devices have software that manages various handset func 
tions and the telecommunications connection to the base 
station. The software that manages all the telephony func 
tions is typically referred to as the telephone stack. The 
software that manages the output and input, such as key 
presses and screen display, is referred to as the user interface 
or Man-Machine-Interface or “MMI”. 

[0004] US. Pat. No. 6,317,781 discloses a markup lan 
guage based man-machine interface. The man-machine 
interface provides a user interface for the various telecom 
munications functionality of the wireless communication 
device, including dialing telephone numbers, answering 
telephone calls, creating messages, sending messages, 
receiving messages, and establishing con?guration settings, 
which are de?ned in a well-known markup language, such 
as HTML, and accessed through a browser program 
executed by the wireless communication device. This fea 
ture enables direct access to Internet and World Wide web 
content, such as web pages, to be directly integrated with 
telecommunication functions of the device, and allows web 
content to be seamlessly integrated with other types of data, 
because all data presented to the user via the user interface 
is presented via markup language-based pages. Such a 
markup language based man-machine interface enables 
users directly to interact with an Internet application. 

[0005] However, unlike conventional desktop or notebook 
computers, wireless communication devices have a very 
limited input capability. Desktop or notebook computers 
have cursor based pointing devices, such as computer 
mouse, trackballs, joysticks, and the like, and full key 
boards. This enables navigation of Web content by clicking 
and dragging of scroll bars, clicking of hypertext links, and 
keyboard tabbing between ?elds of forms, such as HTML 
forms. In contrast, wireless communication devices have a 
very limited input capability, typically up and down keys, 
and one to three soft keys. Thus, even with a markup 
language based man-machine interface, users of wireless 
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communication devices are unable to interact with an Inter 
net application using conventional technology. Although 
some forms of speech recognition exist in the prior art, there 
is no prior art system to realiZe multi-modal web interaction, 
which will enable users to perform web interaction over a 
wireless network in a variety of ways. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The features of the present invention will be more 
fully understood by reference to the accompanying draw 
ings, in which: 

[0007] FIG. 1 is an illustration of the network environ 
ment in which an embodiment of the present invention may 
be applied. 

[0008] FIG. 2 is an illustration of the system 100 for web 
interaction over a wireless network according to one 
embodiment of the present invention. 

[0009] FIG. 3 and FIG. 4 show focus on a group of 
hyperlinks or a form. 

[0010] FIGS. 5-6 present the MML event mechanisms. 

[0011] FIG. 7 presents the fundamental ?ow chart of 
system messages & MML events. 

[0012] FIG. 8 shows the details of MML element blocks 
used in the system of one embodiment of the present 
invention. 

DETAILED DESCRIPTION 

[0013] In the following detailed description, numerous 
speci?c details are set forth in order to provide a thorough 
understanding of the present invention. However, it will be 
appreciated by one of ordinary skill in the art that the present 
invention shall not be limited to these speci?c details. 

[0014] Various embodiments of the present invention 
overcome the limitation of the conventional Man-Machine 
Interface for wireless communication by providing a system 
and method for multi-modal web interaction over a wireless 
network. The multi-modal web interaction of the present 
invention will enable users to interact with an Internet 
application in a variety of ways, including, for example: 

Input: Keyboard, Keypad, Mouse, Stylus, speech; 

Output: Plaintext, Graphics, Motion video, Audio, Synthesis 
speech. 
[0015] Each of these modes can be used independently or 
concurrently. In one embodiment described in more detail 
below, the invention uses a multi-modal markup language 
(MML). 
[0016] In one embodiment, the present invention provides 
an approach for web interaction over wireless network. In 
the embodiment, a client system receives user inputs, inter 
prets the user inputs to determine at least one of several web 
interaction modes, produces a corresponding client request 
and transmits the client request. The server receives and 
interprets the client request to perform speci?c retrieving 
jobs, and transmits the result to the client system. 

[0017] In one embodiment, the invention is implemented 
using a multi-modal markup language (MML) with DSR 
(Distributed Speech Recognition) mechanism, focus mecha 
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nism, synchronization mechanism and control mechanism, 
Wherein the focus mechanism is used for determining Which 
active display is to be focused and the ID of the focused 
display element. The synchronization mechanism is used for 
retrieving the synchronization relation betWeen a speech 
element and a display element to build the grammar of 
corresponding speech element to deal With user’s speech 
input. The control mechanism controls the interaction 
betWeen client and server. According to such an implemen 
tation, the multi-modal Web interaction How is shoWn by 
Way of example as folloWs: 

User: point and click using hyperlinks, submit a form 
(traditional Web interaction) or press the “Talk Button” and 
input an utterance (speech interaction). 

[0018] Client: receive and interpret the user input. In case 
of traditional Web interaction, the client transmits a request 
to the server for a neW page or submits the form. In case of 

speech interaction, the client determines Which active dis 
play element is to be focused and the identi?er (ID) of the 
focused display element, captures speech, extracts speech 
features, and transmits the speech features, the ID of focused 
display element and other information such as URL of the 
current page to the server. The client Waits for the corre 
sponding server response. 

[0019] Server: receive and interpret the request from the 
client. In the case of traditional Web interaction, the server 
retrieves the neW page from cache or Web server and sends 
the page to the client In the case of speech interaction, the 
server receives the ID of the focused display element to 
build the correct grammar based on the synchronization of 
display elements and speech elements. Then, speech recog 
nition Will be performed. According to the result of speech 
recognition, the server Will do speci?c jobs and send events 
or neW page to the client. Then, the server Waits for neW 
requests from the client. 

Client: load the neW page or handle events. 

[0020] The various embodiments of the present invention 
described herein provide an approach to use Distributed 
Speech Recognition (DSR) technology to realize multi 
modal Web interaction. The approach enables each of several 
interaction modes to be used independently or concurrently. 

[0021] As a further bene?t of the present invention, With 
the focus mechanism and synchronization mechanism, the 
present invention Will enable the speech recognition tech 
nology to be feasibly used to retrieve information on the 
Web, improve the precision of speech recognition, reduce the 
computing resources necessary for speech recognition, and 
realize real-time speech recognition. 

[0022] As a further bene?t of the present invention, With 
one implementation based on a multi-modal markup lan 
guage, Which is an extension of XML by adding speech 
features, the approach of the present invention can be shared 
across communities. The approach can be used to help 
Internet Service Providers (ISP) to easily build server plat 
forms for multi-modal Web interaction. The approach can be 
used to help Internet Content Providers (ICP) to easily create 
applications With the feature of multi-modal Web interaction. 
Speci?cally, Multi-modal Markup Language (MML) can be 
used to develop speech applications on the Web for at least 
tWo scenarios: 
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[0023] Multi-modal applications can be authored by 
adding MML to a visual XML page for a speech model; 

[0024] Using the MML features for DTMF input, voice 
only applications can be Written for scenarios in Which 
a visual display is unavailable, such as the telephone. 

[0025] This alloWs content developers to re-use code for 
processing user input. The application logic remains the 
same across scenarios: the underlying application does not 
need to knoW Whether the information is obtained by speech 
or other input methods. 

[0026] Referring noW to FIG. 1, there is shoWn an illus 
tration of the netWork environment in Which an embodiment 
of the invention may be applied. As shoWn in FIG. 1, client 
10 can access documents from Web server 12 via the Internet 
5, particularly via the World-Wide Web (“the Web”). As Well 
knoWn, the Web is a collection of formatted hypertext pages 
located on numerous computers around the World that are 
logically connected by the Internet. The client 10 may be 
personal computers or various mobile computing devices 
14, such as personal digital assistants or Wireless telephones. 
Personal digital assistants, or PDA’s, are commonly knoWn 
hand-held computers that can be used to store various 
personal information including, but not limited to contact 
information, calendar information, etc. Such information 
can be doWnloaded from other computer systems, or can be 
inputted by Way of a stylus and pressure sensitive screen of 
the PDA. Examples of PDA’s are the PalmTM computer of 
3Com Corporation, and Microsoft CETM computers, Which 
are each available from a variety of vendors. A user oper 
ating a mobile computing device such as a cordless handset, 
dual-mode cordless handset, PDA or operating portable 
laptop computer generates control commands to access the 
Internet. The control commands may consist of digitally 
encoded data, DTMF or voice commands. These control 
commands are often transmitted to a gateWay 18. The 
gateWay 18 processes the control commands (including 
performing speech recognition) from the mobile computing 
device 14 and transmits requests to the Web server 12. In 
response to the request, the Web server 12 sends documents 
to the gateWay 18. Then, the gateWay 18 consolidates 
display contents from the document and sends the display 
contents to the client 14. 

[0027] According to an embodiment of the present inven 
tion for Web interaction over Wireless netWork, the client 14 
interprets the user inputs to determine a Web interaction 
mode, produces and transmits the client 14 request based on 
the interaction mode determination result; and multi-modal 
markup language (MML) server (gateWay) 18 interprets the 
client 14 request to perform speci?c retrieving jobs. The 
Web interaction mode can be traditional input/output (for 
example: keyboard, keypad, mouse and stylus/plaintext, 
graphics, and motion video) or speech input/ audio (synthesis 
speech) output. This embodiment enables users to broWse 
the World Wide Web in a variety of Ways. Speci?cally, users 
can interact With an Internet application via traditional 
input/output and speech input/output independently or con 
currently. 
[0028] In the folloWing section, We Will describe a system 
for Web interaction over a Wireless netWork according to one 
embodiment of the present invention. The reference design 
We give is one implementation of MML. It extends XHTML 
Basic by adding speech features to enhance XHTML mod 
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ules. The motivation for XHTML Basic is to provide an 
XHTML document type that can be shared across commu 
nities. Thus, an XHTML Basic document can be presented 
on the maximum number of Web clients, such as mobile 
phones, PDAs and smart phones. That is the reason to 
implement MML based on XHTML Basic. 

XHTML Basic Modules in One Embodiment: 

Structure Module; Text Module; Hypertext Module; List 
Module; Basic Forms Module; Basic Tables Module; Image 
Module; Object Module; Metainfor'mation Module; Link 
Module and Base Module. 

Other XHTML Modules can Provide More Features: 

Script Module: Support client side script. 

Style Module: Support inline style sheet. 

[0029] Referring to FIG. 2, there is shoWn an illustration 
of the system 100 for Web interaction over a Wireless 
netWork according to one embodiment of the invention. In 
FIG. 2, only the components related to the present invention 
are shoWn so as not to obscure the invention. As shoWn in 
FIG. 2, the client 110 comprises: Web interaction mode 
interpreter 111, speech input/output processor 112, focus 
mechanism 113, traditional input/output processor 114, data 
Wrap 115 and control mechanism 116. The MML server 120 
comprises: Web interaction mode interpreter 121, speech 
recognition processor 122, synchronization mechanism 123, 
dynamic grammar builder 124, HTTP processor 125, data 
Wrap 126 and control mechanism 127. 

[0030] In the system 100, at client 110, Web interaction 
mode interpreter 111 receives and interprets user inputs to 
determine the Web interaction mode. The Web interaction 
mode interpreter 111 also assists content interpretation in the 
client 110. In case of traditional Web interaction, traditional 
input/output processor 114 processes user input, then data 
Wrap 115 transmits a request to the server 120 for a neW page 
or form submittal. In case of speech interaction, speech 
input/output processor 112 captures and extracts speech 
features, focus mechanism 113 determines Which active 
display element is to be focused upon and the ID of the 
focused display element. Then data Wrap 115 transmits the 
extracted speech features, the ID of the focused display 
element and other information such as URL of current page 
to the MML server. At MML server 120: Web interaction 
mode interpreter 121 receives and interprets the request 
from the client 110 to determine the Web interaction mode. 
The Web interpretation mode interpreter 121 also assists 
content interpretation on the server 120. In case of tradi 
tional Web interaction, HTTP processor 125 retrieves the 
neW page or form from cache or Web server 130. In case of 

speech interaction, synchronization mechanism 123 
retrieves the synchronization relation betWeen a speech 
element and a display element based on the received ID, 
dynamic grammar builder 124 builds the correct grammar 
based on the synchronization relation betWeen speech ele 
ment and display element. Speech recognition processor 122 
performs speech recognition based on the correct grammar 
built by dynamic grammar builder 124. According the 
recognition result, HTTP processor 125 retrieves the neW 
page from cache or Web server 130. Then, data Wrap 126 
transmits a response to the client 110 based on the retrieved 
result. The control mechanisms 116 and 127 are used to 
control the interaction betWeen the client and the server. 
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[0031] The folloWing section is a detailed description of 
one embodiment of the present invention using MML With 
a focus mechanism, synchronization mechanism and control 
mechanism according to the embodiment. 

Focus Mechanism 

[0032] In multi-modal Web interaction, besides traditional 
input methods, speech input can become a neW input source. 
When using speech interaction, speech is detected and 
feature is extracted at the client, and speech recognition is 
performed at the server. We note that generally, the user Will 
typically do input using the folloWing types of conventional 
display element(s): 

[0033] Hyperlinks: The user can select the hyperlink(s) 
that is stable. 

[0034] Form: The user can vieW and/or modify an 
electronic form containing information such as stock 
price, money exchange, ?ights and the like. 

[0035] Considering the limitations of current speech rec 
ognition technology, in the multi-modal Web interaction of 
the present invention, a focus mechanism is provided to 
focus the user’s attention on the active display element(s) on 
Which the user Will perform speech input. 

[0036] A display element is focused by highlighting or 
otherWise rendering distinctive the display element upon 
Which the user’s speech input Will be applied. When the 
identi?er (ID) of the focused display element(s) is transmit 
ted to the server, the server can perform speech recognition 
based on the corresponding relationship betWeen the display 
element and the speech element. Therefore, instead of con 
ventional dictation With a very large vocabulary, the vocabu 
lary database of one embodiment is based on the hyperlinks, 
electronic forms, and other display elements on Which users 
Will perform speech input. At the same time, at the server, 
the correct grammar can be built dynamically based on the 
synchronization of display elements and speech elements. 
Therefore, the precision of speech recognition Will be 
improved, the computing load of speech recognition Will be 
reduced, and real-time speech recognition Will actually be 
realized. 

[0037] The MMI’s of FIG. 3 and FIG. 4 can help to 
understand the focus processing on the active display ele 
ment of one embodiment. FIG. 3 shoWs the focus on a group 
of hyperlinks, and FIG. 4 shoWs the focus on a form. 

[0038] In the conventional XHTML speci?cation, it is not 
alloWed to add a BUTTON out of a form. As our strategy is 
not to change the XHTML speci?cation, the “Programmable 
HardWare Button” is adopted to focus a group of hyperlinks 
in one embodiment. The softWare button With title of “Talk 
to Me” is adopted to focus the electronic form display 
element. It Will be apparent to one of ordinary skill in the art 
that other input means may equivalently be associated With 
focus for a particular display element. 

[0039] When a “card” or page of a document is displayed 
on the display screen, no display element is initially focused. 
With the “Programmable HardWare Button” or “Talk to Me 
Button”, the user can perform Web interaction through 
speech methods. If the user activates the “Programmable 
HardWare Button” or “Talk To Me Button ”, the display 
element(s) to Which the button belongs is focused. Then, 
possible circumstances might be as folloWs: 
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User Speech 

[0040] Once a user causes focus on a particular display 
element, an utterance from the user is received and scored or 
matched against available input selections associated With 
the focused display element. If the scored utterance is close 
enough to a particular input selection, the “match” event is 
produced and neW card or page is displayed. 

[0041] The neW card or page corresponds to the matched 
input selection. If the scored utterance cannot be matched to 
a particular input selection, a “no match” event is produced, 
audio or text prompt is displayed and the display element is 
still focused. 

[0042] The user may also use traditional Ways of causing 
a particular display element to be focused, such as pointing 
at an input area, such as a box in a form. In this case, the 
currently focused display element changes into un-focused 
as a different display element is selected. 

[0043] The user may also point to a hypertext link, Which 
causes a neW card or page to be displayed. If the user points 
the other “Talk To Me Button”, the previous display element 
changes into un-focused and the display element, to Which 
the last activation belongs, changes into focused. 

[0044] If the user does not do anything for longer than the 
length of a pre-con?gured timeout, the focused display 
element may change into un-focused. 

Synchronize Mechanism 

[0045] When the user Wishes to provide input on a display 
element through a speech methodology, the grammar of the 
corresponding speech elements should be loaded at the 
server to deal With the user’s speech input. So, the synchro 
niZation or con?guration scheme for the speech element and 
the display element is necessary. Following are tWo embodi 
ments Which accomplish this result. 

One fundamental speech element has one grammar that 
includes all entrance Words for one time speech interaction 
on the Web. 

One of the fundamental speech elements must have one and 
only one corresponding display element(s) as folloWs: 

One Group of Hyperlinks 

One Form 

One identi?ed single or group of display elements. 

[0046] Thus, it is necessary to perform a binding function 
to bind speech elements to corresponding display elements. 
In one embodiment, a “bind” attribute is de?ned in 
<mml:link>, <mml:sform> and <mml:input>. It contains the 
information for one pair of display elements and correspond 
ing speech element. 

[0047] The folloWing section presents sample source code 
for such a binding for hyperlink type display elements. 
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-continued 

[0048] The folloWing section presents sample source code 
for a binding in an electronic form, such as an airline ?ight 
information form, for example. 

<mml:card title=“?ight inquery”> 
<script language=“javascript”> 

function talkl( ) 

Client-Server Control Mechanism 

[0049] When performing multi-modal interaction, in order 
to signal the user agent and server that some actions have 
taken place, the system messages produced at the client or 
the server or other events produced at the client or the server 
should be Well de?ned. 
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[0050] In an embodiment of the present invention, a 
Client-Server Control Mechanism is designed to provide a 
mechanism for the de?nition of the system messages and 
MML events which are needed to control the interaction 
between the client and server. 

[0051] Table 1 includes a representative set of system 
messages and MML events. 

TABLE 1 

Control Information Table 

Communicated 
between client and 

System Messages Events server 

Error (Server) \/ \/ 
Transmission \/ \/ 

(Server) 
Transmission 

(Client) 
Ready (Server) 
Session (Client) 
Exit (Client) 
OnFocus* (Client) 
UnFocus* (Client) 
Match (Server) 
Nomatch (Server) 
Onload (Client) 
Unload (Client) 

<<<<< 
<<<< 

<< <<<< 

System Messages: 

[0052] The System Messages are for client and server to 
exchange system information. Some types of system Mes 
sages are triggered by the client and sent to the server. Others 
are triggered by the server and sent to the client. 

[0053] In one embodiment, the System messages triggered 
at the client include the following: 

<l> Session Message 

[0054] The Session message is sent when the client ini 
tialiZes the connection to the server. A Ready message or an 
Error Message is expected to be received from the server 
after the Session Message is sent. Below is the example of 
the Session Message: 

<message type=”session”> 
<ip> </ip > <!—— the IP address of the requesting 

client ——> 

<type> </type > <!—— the device type of the clien ——> 
<voice> </voice> <!—— the voice characters of the user ——> 

<!-— such as man, woman, old man, old woman, child —— > 

<language> </language> <!-— the language that the user speak ——> 
<accuracy> </accuracy> <!-— the default recognition accuracy that the 

client request ——> 
</message> 

<2> Transmission Message 

[0055] The Transmission Message (Client) is sent after the 
client establishes the session with the server. ATransmission 
Message (Server) or an Error Message is expected to be 
received from the server after the Transmission Message 
(Client) is sent. Below is an example of the Transmission 
message: 
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<message type=”transmission”> 
<session> </session> <!-— the ID of this session——> 

< crc> </crc> <!—— the crc information that the client 

requests——> 
<QoS> </QoS> <!—— QoS information that the client requests——> 

<bandwith></bandwith> <!-— Bandwith that the client requests——> 
</message> 

<3> OnFocus Message 

[0056] OnFocus and UnFocus messages are special client 
side System Messages. 

[0057] OnFocus occurs when user points on, or presses, or 
otherwise activates the “Talk Button” (Here “Talk Button” 
means “Hardware Programmable Button” and “Talk to Me 
Button”). When OnFocus occurs, the client will perform the 
following tasks: 

[0058] a. Open the microphone and do Front-end detec 
tion 

[0059] b. When the start-point of real speech is cap 
tured, do front-end speech processing. The ID of the 
corresponding focused display element and other 
essential information (eg the URL of current page) is 
transmitted to the server with the ?rst packet of speech 
features. 

[0060] c. When the ?rst packet of speech features reach 
the server, the corresponding grammar will be loaded 
into the recogniZer and speech recognition will be 
performed. 

[0061] Below is an example ofthe OnFocus message to be 
transmitted to the server: 

<message type=”OnFocus”> 
<session> <session> <!——the ID of this session ——> 
<id> </id> <!——the ID of the focused display element ——> 
<url> <url> <!——the URL of the document that is loaded by 

client now ——> 

</message> 

[0062] It is recommended that the OnFocus Message be 
transmitted with speech features rather than transmitted 
alone. The reason is to optimiZe and reduce unnecessary 
communication and server load in these cases: 

[0063] “When the user switches and presses two di?cerent 
“Talk Buttons” in one card or on one page before entering 
one utterance, the client will send an unnecessary OnFocus 
Message to the server and will cause the server to build a 

grammar unnecessarily.” 

[0064] But a software vendor can choose to implement the 
OnFocus Message as transmitted alone. 

<4> UnFocus Message 

[0065] When UnFocus occurs, the client will perform the 
task of closing the microphone. 
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UnFocus occurs in the following cases: 

[0066] a. User points on, presses or otherwise activates 
the “Talk Button” of the focused display element. 

[0067] b. User uses a traditional Way like a pointer to 
point at the input areas such as a box of form and the 
like. 

In the beloW case, UnFocus Will not occur, 

[0068] a. User points on, presses or otherWise activates 
the “Talk Button” of the unfocused display element 
While there is a focused display element in the card or 
page. 

<5> Exit Message 

[0069] The Exit Message is sent When the client quits the 
session. BeloW is an example: 

<message type=”exit”> 
<session> <session> 

</message> 
<!—— the ID of this session ——> 

System Messages Triggered at the Server 

<l> Ready Message 

[0070] The Ready Message is sent by the server When the 
client sends the Session Message ?rst and the server is ready 
to Work. BeloW is an example: 

<message type=”ready”> 
<session> </session> 
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netWork status has changed. This message is used to notify 
the client of the transmission parameters the client should 
use. BeloW is an example: 

<message type=”transmission”> 
<session> </session> <!-— the ID of this session——> 

< crc> </crc> <!—— the crc information ——> 

<QoS> </QoS> <!-— QoS information ——> 
<bandWidth> </bandWidth> <!——the bandwidth Which client 
should use-—> 

</message> 

<3> Error Message 

[0072] The Error message is sent by the server. If the 
server generates some error While processing the client 

request, the server Will send an Error Message to the client. 
BeloW is an example: 

<message type=”error”> 
<session> </session> <!—— the ID of this session——> 
<errorcode> 500 </errorcode> <!—— the code number of 

the error ——> 

<errorinfo> </errorinfo> <!-— the text information of 
the error——> 

</message> 

<!—— the ID of this session Which is created by server 
after ——> 

<!—— the Session Message is received—-> 
<ip></ip> <!—— the IP address of the responding server ——> 
<voice> 

<support>T</support> <!—— T or F, the server supports or not support the voice 
character- — > 

<!—— that the client request in Session Message ——> 
<server> </server> 

> 

</voice> 
<language> 

<support>T</support> <!—— T or F, the server supports or not support the 
language——> 

<!-— that the client request in Session 
Message ——> 

<server> </server> 

</language> 
<accuracy> 

<support>T</support> 
default——> 

<!——recognition accuracy that the client request in 
Session Message ——> 

<server> </server> 

using noW-—> 

</accuracy> 
</message> 

<!—— the language that the server is using noW-—> 

<!—— T or F, the server supports or not support the 

<!-— the voice character that the server is using now- 

<!—— the default recognition accuracy that the server is 

<2> Transmission Message 

[0071] The Transmission message is sent by the server 
When the client sends a transmission message ?rst or the 

MML Events 

[0073] The purpose of MML events is to supply a ?exible 
interface frameWork for handling various processing events. 
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MML events can be categorized as client-produced events 
and server-produced events according to the event source. 
And the events might need to be communicated betWeen the 
client and the server. 

[0074] In the MML de?nition, the element of event pro 
cessing instruction is <mm1:onevent>. There are four types 
of events: 

Events Trigged at Server 

<l> Match Event 

[0075] When speech processing results in a match, if the 
page developer adds the processing instructions in the 
handler of the “nomatch” event in the MML page, 

[007 6] 
example: 

the event is sent to the client as in the following 

<event type=”match”> 
<do target=”promptServer”> 
<input id=”stextl” value=”place”/> <!—It’s according to the 

recognition result ——> 
</event> 

[0077] If the page developer doesn’t handle the “match”, 
no event is sent to the client. 

<2> Nomatch Event 

[0078] When speech processing results in a non-match, if 
the page developer adds the processing instructions in the 
handler of the “nomatch” event in the MML page, 

[0079] 
example: 

the event is sent to the client as in the following 

<event type=”nomatch”> 
<do target = ”promptl”/> <!-— Speci?ed by page developer ——> 

</event> 
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[0080] If the page developer doesn’t handle the 
“nomatch”, the event is sent to the client as folloWs: 

<event type=”nomatch”/> 

Events Trigged at Client 

<l> Onload Event 

[0081] The “Onload” event occurs When certain display 
elements are loaded. This event type could only be valid 
When the trigger attribute is sent to the “client”. The page 
developer could add the processing instructions in the han 
dler of the “Onload” event in the MML page: 

[0082] No “Onload” event needs to be sent to the server. 

<2> Unload Event 

[0083] The “Unload” event occurs When certain display 
elements are unloaded. This event type could only be valid 
When the trigger attribute is sent to the “client”. The page 
developer could add the processing instructions in the han 
dler of the “Onload” event in the MML page, 

No “Onload” event need be sent to the server. 

MML Events Conformance 

[0084] The MML Events Mechanism of one embodiment 
is an extension of the conventional XML Event Mechanism. 
As shoWn in FIG. 5, there are tWo phases in the conven 
tional event handling: “capture” and “bubbling” (See XML 
Event Conformance). 

[0085] To simplify the Event mechanism, to improve 
ef?ciency, and to ease the implementation more, We devel 
oped the MML Simple Events Mechanism of one embodi 
ment. As shoWn in FIG. 6, in the Simple Event Mechanism, 
neither a “capture” nor “bubbling” phase is needed. In the 
MML Event Mechanism of one embodiment, the observer 
node must be the parent of the event handler <mm1:on 
event>. The event triggered by one node is to be handled 
only by the child <mml:onevent> event handler node. Other 
<mml:onevent> nodes Will not intercept the event. Further, 
the phase attribute of <mml:onevent> is ignored. 

[0086] FIGS. 5 and 6 illustrate the tWo event mecha 
nisms. The dotted line parent node (node 510 in FIG. 5 and 
node 610 in FIG. 6) Will intercept the event. The child node 
<mml:onevent> (node 520 in FIG. 5 and node 620 in FIG. 
6) of the dotted line node Will have the chance to handle the 
speci?c events. 
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[0087] MML Events in the embodiment have the uni?ed 
event interface With the host language @(HTML) but are 
independent from traditional events of the host language. 
Page developers can Write events in the MML Web page by 
adding a <mml:onevent> tag as the child node of an observer 
node or a target node. 

[0088] FIG. 7 illustrates the fundamental ?oW chart of the 
processing of system messages & MML events used in one 
embodiment of the present invention. This processing can be 
partitioned into the folloWing segments With the listed steps 
performed for each segment as shoWn in FIG. 7. 

1) Connection: 

Step 1: Session message is sent from client to server 

Step 2: Ready message is sent from server to client 

Step 3: Transmission message (transmission parameters) is 
sent from client to server 

Step 4: Transmission message (transmission parameters) is 
sent from server to client 

[0089] When a mismatch occurs in the above four steps, 
an error message Will be sent to the client from the server. 

2) Speech Interaction: 

Step 1: Feature FloW With OnFocus message is sent from the 
client to the server 

Step 2: Several cases Will happen: 

Result Match: 

If the implementation includes optional event handling in 
the MML Web page, the event Will be sent to client. 

If link to neW document, the neW document Will be sent to 
client. 

If link to neW card or page Within same document, the event 
With the card or page id Will be sent to client. 

Result does not Match: 

If the implementation includes optional event handling in 
the MML Web page, the nomatch event With event handling 
information Will be sent to client. 

If the implementation does not include optional event han 
dling in the MML Web page, the nomatch event With empty 
information Will be sent to client. 

3) Traditional Interaction: 

URL request 

NeW document Will be sent to client 

4) Exit Session: 

If client exits, the exit message Will be sent to server 

[0090] As described above, various embodiments of the 
present invention provide a focus mechanism, synchroniZa 
tion mechanism and control mechanism, Which are imple 
mented by MML. MML extends the XHTML Basic by 
adding speech feature processing. FIG. 8 shoWs the details 
of the MML element blocks used in one embodiment of the 
invention. When a content document is received by the 
Multi-modal server, a part of the MML element blocks Will 
be sent to the client. The set of MML element blocks sent to 
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the client are shoWn in FIG. 8 Within the dotted line 810. 
The Whole document Will be kept in the Multi-modal server. 

[0091] The folloWing is the detailed explanation for each 
MML element. 

Elements Attributes Minimal Content Model 

Html ( head, (body ] 
(mml:card+))) 

mml:oard id(ID), title(CDATA), (mml:onevent 
style(CDATA) *,( Heading ] Block ] 

List )*, mml:speech?) 
mml:speech id(ID) (mml:prompt *, 

mml:recog 7) 
mml:recog id(ID) (mml:group 7, 

mml:sform’“, 
mml:onevent’“) 

mml:group id(ID), mode(speech ] (mml:gralnmar, 
dtmf), mml:link+, 
accuracy(CDATA) mml:onevent’“) 

mml:link id(ID), value EMPTY 
(CDATA), bind(IDREF) 

mml:sform id(ID), mode(speech ] (mml:gralnmar, 
dtmf ), mml:input+, 
accuracy(CDATA), mml:onevent’“) 
bind(IDREF) 

mml:lnput id(ID), value(CDATA), EMPTY 
bind(IDREF) 

mml:grammar id(ID), src(CDATA) PCDATA 
mml:prompt id(ID), type(text (PCDATA ] 

ltts ] recorded), 
src(CDATA), loop(once 
l 100p), 
interval(CDATA) 
id(ID), type(match ] 
nomatch ] onload ] 
unload l), 
phase(default ] 
capture), 
propagate(continue ] 
Stop), 
defaultaction(perfonn 
] cancel) 
id(ID), 
target(IDREF), 
href(CDATA), 
action(activate ] 
reset) 
id(ID), from(IDREF), 
at(client ] server) 

mml:getvalue)* 

mml:onevent (mml:do)* 

mml:do EMPTY 

mml:getvalue EMPTY 

[0092] Referring still to FIG. 8, each MML element in one 
embodiment is described in more detail beloW. By Way of 
example, MML elements use the namespace identi?ed by 
the “mml:” pre?x. 

[0093] The <card> Element: 

Elements Attributes Minimal Content Model 

mml :card id(ID), title(CDATA), 
style (C DATA) 

(mml:onevent 
*,( Heading ] Block ] 
List )*, mml:speech?) 

[0094] The function is used to divide the Whole document 
into some cards or pages (segments). The client device Will 
display one card at a time. This is optimiZed for small 
display devices and Wireless transmission. Multiple card 
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elements may appear in a single document Each card 
element represents an individual presentation or interaction 
With the user. 

[0095] The <mml:card> element is the one and only one 
element of MML that has relation to the content presentation 
and document structure. 

[0096] The optional id attribute speci?es the unique iden 
ti?er of the element in the scope of the Whole document. 

[0097] The optional title attribute speci?es the string that 
Would be displayed on the title bar of the user agent When 
the associated card is loaded and displayed. 

[0098] The optional style attribute speci?es the XHTML 
inline style. The effect scope of the style is the Whole card. 
But this may be overridden by some child XHTML ele 
ments, Which could de?ne their oWn inline style. 

[0099] The <speech> Element: 

Elements Attributes Minimal Content Model 

rnml:speech id(ID) (rnrnl:prompt *, 
mmkrecog 7) 

[0100] The <mml:speech> element is the container of all 
speech relevant elements. The child elements of <mml 
:speech> can be <mml:recog> and/or <mml:prompt>. 

[0101] The optional id attribute speci?es the unique iden 
ti?er of the element in the scope of the Whole document. 

[0102] The <recog> Element: 

Elements Attributes Minimal Content Model 

mmkrecog id(ID) (mrnkgroup 7, 
mml:sforrn* , 

[0103] The <mml:recog> is the container of speech rec 
ognition elements. 

[0104] The optional id attribute speci?es the unique iden 
ti?er of the element in the scope of the Whole document. 

[0105] The <group> Element: 

Elements Attributes Minimal Content Model 

rnml: group id(ID), mode(speech ] (rnrnl: grammar, 
dtmf) rnml:link+, 
accuracy(CDATA) rnrnl:onevent*) 

[0106] The optional id attribute speci?es the unique iden 
ti?er of the element in the scope of the Whole document. 

[0107] The optional mode attribute speci?es the speech 
recognition modes. TWo modes are supported: 

1. “speech” (default value) 

[0108] 
mode. 

“speech” mode is the default speech recognition 
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[0109] “dtmf’ mode is used to receive telephony dtml 
signal. (This mode is to support traditional phones). 

[0110] The optional accuracy attribute speci?es the loWest 
accuracy of speech recognition that the page developers Will 
accept. Following styles are supported: 

I. “accept” (default value) 

[0111] Speech recogniZer sets Whether the recognition 
output score is acceptable. 

[0112] If the output score received from recogniZer is 
equal to or greater than “XX”%, the recognition result 
Will be considered as “match” and the “match” event 
Will be triggered. Otherwise, the result Will be consid 
ered as “nomatch”. The “nomatch” event Will be trig 
gered. 

[0113] The <link> Element: 

Elements Attributes Minimal Content Model 

rnrnl:link id(ID), value 
(CDATA), bind(IDREF) 

EMPTY 

[0114] The optional id attribute speci?es the unique iden 
ti?er of the element in the scope of the Whole document. 

[0115] The required value attribute speci?es the 
<mml:link> element is corresponding to Which part of the 
grammar. 

[0116] The required bind attribute speci?es Which 
XHTML hyperlink (such as <a>) is to be bound With. 

[0117] The <sform> Element: 

Elements Attributes Minimal Content Model 

rnrnl :sforrn id(ID), mode(speech ] (rnrnl: grammar, 
dtrnf ), mml:input+, 
accu_racy(CDATA), rnrnl:onevent*) 
bind(IDREF) 

[0118] The <mml:sform> element functions as the speech 
input form. It should be bound With the XHTML <form> 
element. 

[0119] The optional id attribute speci?es the unique iden 
ti?er of the element in the scope of the Whole document. 

[0120] The optional mode attribute speci?es the speech 
recognition modes. TWo modes are supported: 

1. “speech” (default value) 

[0121] 
mode. 

“speech” mode is the default speech recognition 

[0122] “dtmf’ mode is used to receive telephony dtml 
signal. (This mode is to support traditional phones). 
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[0123] The optional accuracy attribute speci?es the lowest 
accuracy of speech recognition that the page developers will 
accept. Following styles are supported: 

3. “accept” (default value) 

[0124] Speech recogniZer sets whether the recognition 
output score is acceptable. 

4. “xx” (eg. “60”) 

[0125] If the output score received from recogniZer is 
equal to or greater than “xx” %, the recognition result 
will be considered as “match” and the “match” event 
will be triggered. Otherwise, the result will be consid 
ered as “nomatch”. The “nomatch” event will be trig 
gered. 

[0126] The <input> Element: 

Elements Attributes Minimal Content Model 

mmkinput id(ID), value(CDATA), 
bind(IDREF) 

EMPTY 

[0127] The <mml:input> element functions as the speech 
input data placeholder. It should be bound with XHTML 
<input>. 
[0128] The optional id attribute speci?es the unique iden 
ti?er of the element in the scope of the whole document. 

[0129] The optional value attribute speci?es which part of 
the speech recognition result should be assigned to the 
bound XHTML <input> tag. If this attribute is not set, the 
whole speech recognition result will be assigned to the 
bound XHTML <input> tag. 

The required bind attribute speci?es which XHTML <input> 
in the <form> is to be bound with. 

[0130] The <grammar> Element: 

Elements Attributes Minimal Content Model 

rnml: grammar id(ID), src(CDATA) PCDATA 

[0131] The <umml:grammar> speci?es the grammar for 
speech recognition. 

[0132] The optional id attribute speci?es the unique iden 
ti?er of the element in the scope of the whole document. 

[0133] The optional src attribute speci?es the URL of the 
grammar document. If this attribute is not set, the grammar 
content should be in the content of <mml:grammar>. 

[0134] The <prompt> Element: 

Elements Attributes Minimal Content Model 

mrnl:prornpt id(ID), type(text 
ltts ] recorded), 
src(CDATA), loop(once 
l 100p), 
interval(CDATA) 

(PCDATA ] 
rnml: getvalue)* 
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[0135] The <mml:prompt> speci?es the prompt message. 

[0136] The optional id attribute speci?es the unique iden 
ti?er of the element in the scope of the whole document. 

[0137] The optional type attribute speci?es the prompt 
type. Three types are supported now in one embodiment: 

l. “tts” (default value) 

[0138] “tts” speci?es the speech output is synthesiZed 
speech. 

2. “recorded” 

[0139] “recorded” speci?es the speech output is prere 
corded audio. 

3. “text” 

[0140] “text” speci?es that the user agent should output 
the content in Message Box. 

[0141] If this attribute is set to “text”, the client side user 
agent should ignore the “loop” and “interval” attribute. 

[0142] If client side user agent has no TTS engine, it may 
override this “type” attribute from “tts” to “text”. 

[0143] The optional src attribute speci?es the URL of the 
prompt output document. If this attribute is not set, the 
prompt content should be in the content of <mml:promt>. 

[0144] The optional loop attribute speci?es how many 
times should the speech output be activated. Two modes are 
supported in one embodiment: 

1. “once” (default value) 

[0145] “once” means no loop. 

2. “loop” 

[0146] “loop” means the speech output will be played 
round and round, until the valid scope is changed. 

[0147] The optional interval attribute speci?es the spacing 
time between two rounds of the speech output. It needs to be 
set only when the loop attribute is set to “loop”. 

Format: 

[0148] “xxx” (eg. “5000”) 
[0149] User agent will wait “xxx” milliseconds between 
the two rounds of the speech output. 

[0150] The <onevent> Element: 

Elements Attributes Minimal Content Model 

rnml:onevent id(ID), type(match ] 
nomatch ] onload ] 
unload), 
trigger(client ] 
server), 
phase(default ] 
capture), 
propagate(continue ] 
Stop), 
defaultaction(perforrn 
] cancel) 
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[0151] The <mml:onevent> element is used to intercept 
certain events. 

[0152] The user agent (both the client and server) MUST 
ignore any <mml:onevent> element specifying a type that 
does not correspond to a legal event for the immediately 
enclosing element. For example: the server must ignore a 
<mml:onevent type=“onload”> in a <mml:sform> element. 

[0153] The type attribute indicates the name of the event 

[0154] The optional id attribute speci?es the unique iden 
ti?er of the element in the scope of the Whole document. 

[0155] The required type attribute speci?es the event type 
that Would be handled. Following event types are supported 
in one embodiment: 

l . “match” 

[0156] “match” event occurs When the result of the 
speech recognition is accepted. This event type could 
only be valid When trigger attribute is set to “server”. 

2. “nomatch” 

[0157] “nomatch” event occurs When the result of the 
speech recognition could not be accepted. This event 
type could only be valid When trigger attribute is set to 
“server”. 

3. “onload” 

[0158] “onload” occurs When certain display elements 
are loaded. This event type could only be valid When 
trigger attribute is set to “client”. 

4. “unload” 

[0159] “unload” event occurs When certain display ele 
ments are unloaded. This event type could only be valid 
When trigger attribute is set to “client”. 

“Match” and “nomatch” event type can only be used With 
speech relevant elements. 

“Onload” and “unload” event type can only be used With 
display elements. 

[0160] The required trigger attribute speci?es the event is 
desired to occur at client or server side. 

1. “client” (default value) 

[0161] The event should occur at the client. 

2. “server” 

[0162] The event is desired to occur at server. 

[0163] The optional phase attribute speci?es When the 
<mml:onevent> Will be activated by the desired event. If 
user agent (including client and server) supports MML 
Simple Content Events Conformance, this attribute should 
be ignored. 

1. “default” (default value)< 

[0164] <mml:onevent> should intercept the event dur 
ing bubbling phase and on the target element 

2. “capture” 

[0165] <mml:onevent> should intercept the event dur 
ing capture phase. 
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[0166] The optional propagate attribute speci?es Whether 
the intercepted event should continue propagating @(ML 
Events Conformance). If the user agent (including client and 
server) supports MML Simple Content Events Conform 
ance, this attribute should be ignored. The folloWing modes 
are supported in one embodiment: 

1. “continue” (default value) 

[0167] The intercepted event Will continue propagating. 

2. “stop” 

[0168] The intercepted event Will stop propagating. 

[0169] The optional defaultaction attribute speci?es 
Whether the default action for the event (if any) should be 
performed or not after handling this event by <mml:on 
event>. 

For instance: 

[0170] The default action of a “match” event on an 
<mml:sform> is to submit the form. The default action of 
“nomatch” event on an <mml:sform> is to reset the corre 

sponding <form> and give a “nomatch” message. 

Following modes are supported in one embodiment: 

I. “perform” (default value) 

[0171] The default action is performed (unless can 
celled by other means, such as scripting, or by another 
<mml:onevent>). 

2. “cancel” 

[0172] The default action is cancelled. 

[0173] The <do> Element: 

Elements Attributes Minimal Content Model 

Mml:do Id(ID),target(IDREF), EMPTY 
href(CDATA), 
action(activate ] 
reset) 

[0174] The <mml:do> element is alWays a child element 
of an <mml:onevent> element When the <mml:onevent> 
element intercepts a desired event, it Will invoke the behav 
ior speci?ed by the contained <mml:do> element. 

[0175] The optional id attribute speci?es the unique iden 
ti?er of the element in the scope of the Whole document. 

[0176] The optional target attribute speci?es the id of the 
target element that Will be invoked. 

[0177] The optional href attribute speci?es the URL or 
Script to the associated behavior. If the target attribute is set, 
this attribute Will be ignored. 

[0178] The optional action attribute speci?es the action 
type that Will be invoked on the target or URL. 

1. “activate” (default value) 

[0179] The target element or the URL Will be activated. 
The ?nal behavior is dependent on the target element 
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type. For instance: If the target is a HYPERLINK, user 
agent Will traverse it. If the target is a form, it Will be 
submitted. 

2. “reset” 

[0180] The target element Will be set to the initial state. 

[0181] The <getvalue> Element: 

Elements Attributes Minimal Content Model 

mml: getvalue id(ID), from(IDREF), EMPTY 
at(client]server) 

[0182] The <mml:getvalue> element is a child element of 
<mml:prompt>. It is used to get the content from <form> or 
<sform> data placeholder. 

[0183] The optional id attribute speci?es the unique iden 
ti?er of the element in the scope of the Whole document. 

[0184] The required from attribute speci?es the identi?er 
of the data placeholder. 

[0185] The required at attribute speci?es that the value to 
be assigned is at the client or the server: 

1. “client” (default value) 

The <mml:getvalue> get client side element value. 

In this case, the from attribute should be set to a data 
placeholder of a <form>. 

2. “server” 

The <mml:getvalue> get server side element value. 

In this case, the from attribute should be set to a data 
placeholder of a <sform>. 

For example: 

[0186] a. <mml:getvalue at =“client”>: 

<mml:speech> 
<mml:prompt id=”promptclient” type=”tts”> 

the place you Want to go, 
for exalnple<mml:getvalue 

from=”textl” at=”client” /> 
</mml:prompt> 

The process How is as folloWs: 

[0187] The client user agent loads this card. 

[0188] The “onload” event Will be triggered and then 
<mml:prompt> Will be activated. 
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[0189] Then <mml:getvalue> Will be processed. The 
value of textbox “textl” Will be retrieved by 
<mml:getvalue>. Here the initial value of the textbox is 
“ShangHai”. 

[0190] Finally, the client Will talk to the user: “The 
place you Want to go, for example: ShangHai”. 

[0191] b. <mml:getvalue at=“server”>: 

The process How is as folloWs: 

[0192] User inputs an utterance and the speech recog 
nition Will be performed. 

[0193] If the speech output score of the speech recog 
nition is acceptable, the “match” event Will be trig 
gered. 

[0194] Before submitting the form, server Will process the 
“match” event handler (<mml:onevent>) ?rst. Then, an 
event message Will be sent to the client as folloWs: 

<event type=”match”> 
<do target=”promptServer”> 
<input id=”stextl” value=”ii!§)§”/> 
<!—It’s according to the recognition result ——> 

</event> 

[0195] Then, When the client processes the <mml 
:prompt> and <mml:getvalue at=“server”>, the value 
received from the server Will be assigned to 
<mml:getvalue> element. 

[0196] Finally, the client Will talk to the user. The talk 
content is related to the speech recognition result. 

[0197] The folloWing section describes the How of client 
and server interaction in the system for multi-modal Web 
interaction over Wireless netWork according to one embodi 
ment of the present invention. 

[0198] Unlike traditional Web interaction and telephony 
interaction, the system of the present invention supports 






