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"PROCESSOR- BASED HOST SYSTEM  TECHNI CAL FI ELD OF THE | NVENTI ON The
present invention relates generally to voice recognition pﬁ@ges, and nore
particularly to a wireless voice-controlled device that permits a user to
browse a hypernedia network, such as the Wrld Wde Wb, with voice

comrands.

WIRELESS VOICE-ACTIVATED DEVICE \/
FOR CONTROL OF A PROCESSOR-~BASED HOST SYSTEM

HNICA D N
The present invention relates generally to voice
recognition devices, and more particularly to a wireless
voice-controlled device that permits a user to browse a
hypermedia network, such as the World Wide Web, with

voice commands.



2 RELATED PATENT APPLI CATI ONS This patent application is related to
‘the followi ng patent applications, each assigned to Texas Instrunents

| ncor por at ed. U S. Patent Application Serial No. 08/419, 226,
entitled "Speaker-1ndependent Dynam c¢ Vocabul ary and G ammar in Speech
Recogni ti on" - U S Patent Application Serial- No. 08/419, 229,
entitled "Voice Activated Hypernedia Systens Using G ammt i cal

Met adat a" 3 BACKGROUND OF THE
| NVENTI ON The Internet is a world-w de conputer network, or . nore

accurately, a world-wi de network of networks. It provides an exchange of
information and offers a vast range of sefvices. Today, the Internet has
grown so as to include all kinds of institutions, businesses, and even
i ndi vidual s at_t heir hones. The Worl d-Wde Wb ("WWV or "Web") is one
of the RELATED PATENT APPLICATIONS '

This patent application is related to the following
patent applications, each assigned to Texas Instruments
Incorporated.

U.S. Patent Application Serial No. 08/419,226,
entitled "Speaker-Independent Dynamic Vocabulary and
Grammar in Speech Recognition® | . |

U.S. Patent Application Serial No. 08/419,229,
entitled "Voice Activated Hypermedia Systems Using

Grammatical Metadata™



services available on the Internet. It is based on a technol ogy known as
“"hypertext”, in which a docunent has Ilinks to its other parts or to other
docunments. Hypertext has been extended so as to enconpass |links to any
kind of information that can be stored on a conputer, including i mrages ‘and
sound. For exanple, using the Wb, fromw thin a docunment one can sel ect
hi ghl i ghted words or phases to get definitions, sources, or related
docunents, stored anywhere in the world. For this reason, the Wb may be
described as a "hypernedi a" network. - The basic unit in the Wb is a
"page", a (usually) text-plus-graphics docunent with Iinks to other pages.
"Navi gating" the Web primarily nmeans novi 8g around from page to page.

The idea behind the Wb is to collect all kinds of data fromall kinds of
sources, avoiding the problens of inconpatibilities by allowing a snart
server and a 4 client
programto deal w the format, of the data.. This capabilit 0 negotiate
formats enabl es thggﬁeEnFSrﬁEEebf %JY°$%§%ﬁfqﬁ QﬂﬂﬂgFanEFﬁﬁ¥ﬁ5'nﬂFtinedia
formats, oncendie apt@R&Eeiyans! @biniLwidle detwilded st aeth8rRE! Verg and
clients. The Web client is used to connect to and to use Wb resources

| ocat ed on WeProwidessan exchaype of porfisrmgtiion agdf oRdersusevdast access

and use range of services. Today, the Internet has grown so as

to include all kinds of institutions, businesses, and
even individuals at their homes.

The World-Wide Web ("WWW" or "Web") is one of the
services available on the Internet. It is based oﬁ a
technology known as "hypertext", in which a document has
links to its other éarts or to 'other documents.
Hypertext has been extended so as to encompass links to
any kind of information that can be stored on a computer,
including images and sound. 'For example, using the Web,
from within a document one can select highlighted words
or phases to get definitions, sources, or related
documents, stored anywhere in the world. For this
reason, the Web méy be déscribed as a "hypermedia"
network. .

The basic unit in the Web is a "page", a (usually)
text-plus-graphics documént with links to other pages.
"Navigating" the Web primarily means moving around from
page to page.

The idea behind the Web is to collect all kinds of
Qata from all kinds of sources, avoiding the problems of

incompatibilities by allowing a smart server and a smart



the Web is referred as "web browser"” software. This software can be
-installed on the user's conputer to provide a graphic interface, where

| inks are highlighted or otherw se-narked for easy selection with a nouse
or other pointing device. SUMVARY OF THE | NVENTI ON

One aspect of the invention is a wireless voice- activated control unit
for controlling a processor-based host system such as a conputer
connected to the Wrld W de Web. A conpact hand-held unit has a

m crophone, a wreless audio input transmtter, .a wirel ess data

recei ver, and a display. The m crophone receives voice input froma user,

t her eby providing an audi o i nput signal 4 The audio transmtter wirelessly
transmts data derived fromthe audio signal to the host system After

the host acts on the audio input, it delivers sone sort of response in the
formof imge gpiengr@Res Yo dehiVvRieH tRet herhe&ecvf athe Aatispl ahis
generates and displays images represented by the inmge data.

Vari ations of ¢3rakidiitde teaneppEiabe §°§$65§e?n$%#ese§hﬁ(W%Hﬂ?ﬂﬂ?ccept

i nformation. The 4& 'agsgioggaa@lsOinéxﬁd@ng%&fmgai@%m,y dri¥e the

performng front-en
proper translation code is added to the servers and

clients. The Web client is used to connect to_and to use
Web resources located on Web servers.

One type of client software used to access and use
the Web is referred as "web browser" software. This
software can be installed on the user's computer to
provide a graphic interface, where links are highlighted
or otherwise marked for easy selection with a mouse or

other pointing device.



recogniti on processes or even all of the voice recognition. An
advantage of the invention is that it makes infornmation on the Wb nore
accessi bl e and useful. Speech control brings added flexibility and power to
the Web interface and nakes access to informati on nore natural.
6 BRI EF DESCRI PTI ON OF THE DRAW NGS FIGURE 1 illustrates one
enbodi mrent of a wireless voice-activated control unit in accordance with
t he i nventi on. FIGURE 2 illustrates another enbodi nent of a wirel ess
voi ce-activated control unit, specially configured for translating and
interpreting audio input fromthe user. FIGURE 3 illustrates an
exanpl e of a display provided by the speal&abl e command process.
FIGURE 4 illustrates a portion of a Wb page and its speakabl e |inks.
FIGURE 5 illustrates a process of dynanlcally creating grammars for use by
VENTION

t he voi ce recoSUMMAR
One aspect of the invention is a wireless voice-

activated control unit for controlling a processor-based
host system, such as a computer connected to the World
Wide Web. A compact hand-held unit has a microphone, a
wireless audio input transmitter, a wireless data
receiver, and a display. The microphone receives voice
input from a user, thereby providing an audio input
signal. The audio transmitter wirelessly transmits data
derived from the audio signal to the host system. After
the host acts on the audio input, it delivers some sort
of response in the form of image data wirelessly
delivered to the receiver. A display generates and
displays images. represented by the image data.

Variations of the device can include a speaker for
audio output information. The device can also have a
processor and wemory for performing front-end voice
recﬁgnition processes or even all of the voice
recognition.

An advantage of the invention is that it makes
information on the Web more accessible and useful.
Speech control brings added flexibility and power to the
Web interface and makes access to information more

-

natural.



7 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The invention described
"herein is directed to a wreless voice-activated device for controlling a
processor-based host system That is, the device is a voice-activated
remote control device. In the exanple of this description, the host
systemis a conputer. connected to the Wrld-Wde Wb and the device is
used for voice- "controlled web browsing. However, the sane concepts can
be applied to a voice-controlled device for controlllng any
processor-based systemthat provides display or audio i nformation, for
exanple, a television. Vari ous enbodi ments of the device differ with
regard to the “intelligence” enbedded inéthe device. For purposes of the
i nvention, the programm ng used to recognize an audio input and to
interpret the audio |nput SO that it can be used by conventional Wb
-browser sof t \BRIEH 4 5 * $hat permts the extent of

enbedded progra : natfer”of>de5| and cost GURE 1
illustrates one en%%&ugﬁn% £f%§9f?%?%§%nﬁmﬁmkpéiﬁﬁnfapgdacHﬁFP&FSSnlt 10 in

accordance W tRildd€ctivated control unit in accordance with the

invention.

FIGURE 2 illustrates another embodiment of a
wireless voice-activated control unit, specially
configured for translating and interpreting audio input
from the user.

FIGURE 3 illustrates an example of a display
provided by the speakable command process.

FIGURE 4 illustrates a portion of a Web page and its
speakable links.

FIGURE 5 illustrates a process of dynamically
creating grammars for use by the voice recognizer of

FIGUREs 1 and 2.



I nvention. It comrunicates with a host system 11. As stated above, for
“purposes of this description, host system 11l is a conputer and is in data
conmmruni cation with the Wrl d- Wde Wb.

8 Control unit 10 has a display 10a and a m crophone 10b. Display
10a is designed for conpactness and portability, and could be an LCD.:

M crophone 10b- .receives voice input froma user. It may have a "nute"
switch 10c, so that .control unit 10 can be on, displaying i mages and even
recei ving non-audi 6 i nput” via an, alternative input device such as a
keypad (not shown), but not perform ng vaice recognition. Mcrophone |ob
may - be a mcrophone array, to enhance t He ability to differentiate the
user's voice from ot her sounds. In the enbodi nent of FIGURE 1

control unit 10 perforns all or part of the voice recognition process and
del i vers spee R el aaB e IR LwNZENr @M tter 10g. Host

s P, B EELLE L 21 &Z 3
comput er L1 per f O g/ al Ak 4l GR<LOTLLA! nLILEL PLE RAQN I Qaegses and
al so executes a web browser. WEVEr, In 1I'ts sinplest tTormcontrol unit
woul d transni twireidss daiizediacedvhyellr daviver fphomentd @l Timdhest system 11,

whi ch woul d perform all procgessing. In the case where control unit 10
performs all (ﬁr‘iﬁ;ﬁstso(ff'bpﬁﬁggvgpéﬁ PEEDGH: t | BhRpriteddie S5YHCS inAt 10

voice-activated remote control device. In the example of

‘this description, the host system is a computer connected
to the World—Widg Web and the device is used for voice-
controlled web browsing. However, the same concepts can
be applied to a voice-controlled device for contrdlling

- any processor-based system that provides display or audio
information, for example, a television.

Various embodiments of the device differ with regard
to the "intelligence" embedded in the device. For
purposes of the invention, the programming used to
recognize an audio input and to interpret the audio input
so that it can be used by conventional Web browser
software is modularized in a manner that permits the
extent of embedded programming to become a matter of
design and cost. ' . -

FIGURE 1 illustrates one embodiment of a wireless
voice-activated control unit 10 in accordance with the
invention. It communicates with a host system 11. Aas
stated above, for purposes of this description, host
system 11 is a computer and is in data communicat{on with

the World-wide Web.



has a processor 10e. Menory 10f stores voice recognition programm ng to be

"executed by processor 10e. An exanple of a suitable processor 10a for
speech recognition is a signal processor, such as those nmanufactured by

Texas Instrunments | ncorporated. Where m crophone 10b is a
9 m crophone array, processor 10a may perform cal cul ations for
targeting the user's voice. “If control unit perforns only sone voice

processi ng, it may performone or nore of the front end" processes,

such as linear predictive coding (LPC) analysis or speech end pointing. -
If control unit 10 perforns all voice recognition processes, nenory 10f
stores these processes (as a voice reco@ni zer) as well as grammar files.
In operation, the voi ce recogni zer receives audio input from m crophone

10b, and accesses the appropriate granmar file. A grammar file handler
converts the grammfontyodpunih-Lealys 4 cdisplaratdaqsl pumdcaaphonegr anmar ,

ond 1 oad! 00t OEAMIRG U8, 1SRl R AR MG, e ecoun 2o
portability, and could be an LCD. Microphone 10b
receives voice input from a user. It may have a "mute"
switch 10c, so that control unit 10 can be on, displaying
images and even receiving non-audio input via an ,
alternative input device such as a keypad (not shown) ,
but not performing voice recognition. Microphone 10b may
be a microphone array, to enhance the ability to
differentiate the user's voice from other sounds.

In the embodiment of FIGURE 1, control unit 10
performs all or part of the voice recognition process and
delivers speech data to host computer 11 via transmitter
10g. Host computer 11 perforﬁs various voice control
interpretation processes and also executes a web browser.
However, in its simplest form control unit would trénsmit
audio data directly from microphone 10b to host system
11, which would perform all processing.

In the case where control unit 10 performs all or
part of the voice recognition process, control unit 10
has a processor 10e. Memory 10f stores voice récognition
programming to be executed by processor 10e. An example
of a suitable processor 10a for speech recognition is a
signal processor, such as those manufactured by Té;as

Instruments Incorporated. Where microphone 10b is a



text transl ation. The grammar files in nmenory 10f may be pre-defined
"and stored or may be dynamcally created or may be a conbi nati on of both
types of grammar files. An exanple of dynamic grammar file creation is
descri bed below in connection with FIGURE 5. The grammars may be witten
wi th the Backus-Naur form of context-free grammars and can be custom zed.
In the enbodi nent of FIGURE 1, and where unit 10 is used for Wb browsing,
host conputer 11 delivers the HTM. (hyertext nmarkup | anguage) for a
currently displayed Wb page to unit 10. Menory 10f

10 stores a granmar file generator for dynamically generating the
grammar. In alternative Wb browsing enBodi nents, host 11 could
dynam cal ly generate the granmar and downl oad t he granmar file to contro
unit 10. The out put of the voice recognizer is speech data. The

speech data igﬁxnam$WMBtedrap.rmmmceganmﬁmQHLmayﬂpdrfopmrbaiaulabionscontroI
|nterpretat|o rocess %@% €$|ous voice control interpretation processes

for voice- r 6PFE8 QWY Sr¥ifScribed in U S. Patent
Application Serl aI 1M0coRBE41 Ul pBHd L bn1YPisthie voice processing,

it may perform one or more of the "front end" processes,
such as linear predictive coding (LPC) analysis or speech
end pointing.

If control unit 10 performs all voice recognition
processes, memory 10f stores these processes (as a voice
recognizer) as well as grammar files. In operation, the
voice recognizer receives audio input from microphone
10b, and accesses the appropriate grammar file. A
grammar file handler converts the grammar to speech-;eady
form, creating a punctuation grammar, and loading the
grammar into the voice recognizer. The voice recognizer
uses the grammar file to convert the audio input to a
text translation.

The grammar files in memory 10f may be pre-defined
and stored or may be dynamically created or may be a
combination of both types of grammar files. An example
of dynamic grammar file creation is described below in
connection with FIGURE 5. The grammars may be written
with the Backus-Naur form of context-free grammars and
can be customized. In the embodiment of FIGURE 1, and
where unit 10 is used for Web browsing, host compﬁ%er i1
delivers the HTML (hyertext markup language) for a
currently displayed Web page to unit 10. Memory 10f



Activated Hypernedia Systens Using G ammuatical Metadata", assigned to
"Texas Instrunents Incorporated and are incorporated herein by reference.

As a result of the interpretation, the host system 11 nay respond to the
voice input to control unit 10 by executing a comrand or providing a ~
hyper nedi a (Web) |1 nk. An exanpl e of voice control interpretation

other than for Web browsing is for conmands to a tel evision, where host
system 11 is a processor-based tel evision system For exanple, the vocal
command, "Wat's on TV tonight?", would result in a display of the

tel evision schedule. Another exanple of voice control interpretation other
than for Web browsing is for commands forl@onputer-based househol d control

The vocal command, "Show ne the sprinkler schedule" would result in an
appropriate display. After host system 11 has taken

the appropri atetome iogrammarr €id¢esgereraver iGh dewamiasslijata from host
System 1L 100 b Pl on S oBLoke 02 Ol 01 SUPUL Pl SPERSAIC, Thus
graphi cs, | mgashodMénts, host 11 could dynamically generate the

grammar and download the grammar file to control-unit 10.

The output of the voice recognizer is speech data.
The speech data is transmitted to host system 11, which
performs voice control interpretation processes. Various
voice control interpretation processes for voice-
controlled Web browsing are described in U.S. Patent
Application Serial No. 08/419,229, entitled "Voice
Activated Hypermedia Systems Using Grammatical Metadata‘,
assigned to Texas Instruments Incorporated and are
incorporated herein by reference. As a result of the
interpretation, the host system 11 may respond to the
voice input to control unit 10 by executing a command or
providing a hypermedia (Web) link.

An example of voice control interpretation other
than for Web browsing is for commands to a television,
where host system 11 is a processor-based television
system. For example, the vocal command, "What's on TV
tonight?", would result in a display of the television
schedule. Another example of voice control
interpretation other than for Web browsing is for
commands for computer-based household control. TH; vocal

command, "Show me the sprinkler schedule" would result in

an appropriate dispiay.



vi deo), or audio. FIGURE 2 illustrates an alternative enbodi nent of
"the invention, a wireless voice-activated control unit 20 that perforns
voi ce control interpretation as well as voi ce recognition. The voice
control interpretation is specific to browsing a hypermnmedi a resource, such
as the Web. The host system 21 is connected to the hypermedia resource.
Control unit 20 has conponents simlar to those of control unit 10.
However, its processor 20e perforns additional programmng stored in nmenory
20f. Specifically, the voice control interpretation processes nmay
conprise a speakabl e conmand process, a speakable hotli st .process, or a
speakabl e |i nks process. These processes #&hd their associated grammar files
reside on control unit 20. The speakabl e command process displays a
command interface on display 20a and accepts various Wb browsi ng

commands. The procdamdiosh gyssemalédhgsanakentthe dppropdi@teor ds and

phrases that, kg SRR TSk ReH BB e, Lot raceiunt APSs LIRS by che
voi ce control sydtsnprdl #orodipplagsen disPEag PEGK ady EdoEmpht pya " Hel p”
command, activated with _ a button 31. In response, the comand process
di spl ays a speaker 10d. Thus, the data received from host system 11

may be graphical (including text, graphics, images, and

video) or audio.

FIGURE 2 illﬁstrates an alternative embodiment of
the invention, a wireless voice-activated control unit 20
that performs voice control interpretation as well as
voice recognition. The voice control interpretation is
specific to browsing a hypermedia resource, such as the
Web. The host system 21 is connected to the hypermedia
resource.

Control unit 20 has components similar to those of
control unit 10. However, its processor 20e performs
additional programming stored in memory 20f.

Specifically, the vdice control interpretation processes
may cbmprise a speakable command process, a speakable
hotlist process, or a speakable links process. These
processes and their associated grammar files reside on
control unit 20.

The speakable command process displays a command
interface on display 20a and accepts various Web browsing

commands. The process has an associated grammar file for

the words and phrases that may be spoken by the user.



"hel p page" that describes how to use voice-controlled br owsi ng.

"Anot her speakabl e conmand is, "Show ne ny speakable comand |ist".
Speaki ng this conmmand di spl ays a page listing a set of grammars, each
representing a speakabl e command. Exanpl es are pagedowncomrand,
backcommand, and hel pcommand. Wen the conmand process receives a

transl ation of one of these commands, it perforns the appropriate action.
FIGURE 3 also illustrates a feature of the voice recognizer that is _
especially useful for Wb browsing. The user has spoken the words, "Wat
I.s the value of XYZ stock?" Once the voice recognizer regogni zes an
utterance, it determ nes the score and varfous statistics for tinme and
menory use. As expl ai ned bel ow, the request for a stock value can be a

hotlist item pernitti%ggthe iser to sinply voice the request w thout
i dentifying the Vel ST whérdUehEaFRforRati8iPie Phcat®kFPlay 30 anot her

speakabl e conmgslided %pwh@evaxcépgaégpbf Egt:%ﬁ%éta@ﬁﬂ Y, button

33. A "hotlist" is a stored list o ecte orm Resource Locators
(URLs), such &one lapsakadide esoumindqiisnal fHedptl. coimdnd, scrisvated with

13 al'so knoa\lM}Juatstotx)nO%lir.mr %?1 :egglégsg [ the V\gloémall(r?é) ngrgceea}stsu rd(g‘.splays a

"help page" that describes how to use voice-controlled

browsing. .

Another speakable command is, "Show me my speakable
command list". Speaking this command displays a page
listing a set of grammars, each representing a speakable
command. Examples are pagedown command, back_command,
and help command. When the command process receives a
translation of one of these commands, it performs the
appropriate action.

FIGURE 3 also illuétrates a feature of the wvoice
recognizer that is especially useful for Web browsing.
The user has spoken the words, "What is the value of XYZ
stock?" Once the voice recogniéer recognizes an
utterance, it determines the score and various statistics
for time and memory use. As explained below, the request
for a stock value can be a hotlist item, permitting the
user to simply voice the request without identifying the
Web site where the information is located.

Another speakable command is “Show me my speakable
hotlist®, activated by button 33. A *“hotlist" is a
stored list of selected Uniform Resource Locators (URLs),

such as those that are frequently used. Hotlists are



of the Wb, and provide a short and consistent way to name any resource on

‘the Internet. A typical URL has the follow ng form

http://ww. ncsa. uiic. edu/ General / NCSAHone. ht Ml The various parts of the
URL identify the transm ssion protocol, the conputer address, and a
directory path at that address. URLs are also known as "links" and
"anchors". The speakabl e hotlist process permts the user to
construct a grammar for each hotlist itemand to associate the grammar wth
a URL. To create the grammar, the user can edit an ASCI| grammar file and
type in the grammar using the BNF syntax. For exanple, a grammar for
retrieving weather information might defilde phrases such -as, "How does the
weat her | ook today?" and "G ve ne the weather"”. The -user then associ ates
the appropriate URL with the grammar. The hotlist granmar file can be

modi fi ed by véil&e. krevnexarppakmarksur r ilspage eawehd kuown Eeaturet|i st
the title of

Item Speaking_t phrase, :Add t.hjs page to hot | Lst"
the page to t%g grﬁgnﬂ% ' a?fbd FEG gg_s?’ﬁgt Sggnﬁﬁpsﬁf {:ﬁngﬂ‘gg%utfor ent URL.
Speaki ng the phmasgny"fsdurbe Hifambirateehktst A, tppiohl sukbDehasethd 0 edit
t he grammar b¥ addi ng additional phrases that wll| cause the page to be
retrieved by ¥8itewing form: 14

http://www.ncsa.uiic.edu/General /NCSAHome . html
The various parts of the URL identify the transmission
protocol, the computer address, and a directory path at
that address. URLs are also known as "links" and
"anchors".

The speakable hotlist process permits the user to
construct a grammar for each hotlist item and to
associate the grammar with a URL. To create the grammar,
the user can edit an ASCII grammar file and type in the
grammar using the BNF syntax. For example, a grammar for
retrieving weather information might define phrases such
as, "How does the weather look today?" and *"Give me the
weather". The user then associates the appropriate URL
with the grammar.

The hotlist grammar file can be modified by voice.
For example, a current page can be added as a hotliét
item. Speaking the phrase, *Add this page to my hotlist"
adds the title of the page to the grammar and associates
that grammar with the current URL. Speaking the phrase,
"Edit my speakable hotlist", permits the user to eait the
grammar by adding additional phrases that will cause the

page to be retrieved by voice. .



The speakabl e hotlist process is activated when the voice recognizer

- recogni zes a hotlist translation from
the translation to the hotlist process.

the hotlist grammar file and passes
The hotlist process |ooks up the

associated URL. It passes the URL to the browser residing on host conputer

11 (via wreless communi cation),

transnitted to the voice control unit 10 for display on display 10a.

The grammar files for speakabl e commands and the

active at all
hotlist |inks

in menory 20e of voice contro

times. This pernmits the user to speak the commands or

in any context. A speakable |inks process: my al so reside
unit 20. Bélected information in a Wb page
may provide links, for access to other web pages. Links are indicated as
such by being underlined, highlighted, differently colored, outlined as

speakabl e hotlist are

so that the Web page nmay be retrieved and

in

the case of pictur &e epeekhblei botlilsht Pfoedss | hstackivwtagswhgna theuse or

ot her

may speak a |
illustrates a gy HR1igk gr¥fkaPage140aa3adpabsss | ik sradm¥laiaipke the
second headline 41 is a link. r

i ncl udes the fufid hottddss mRrogess. asTharhatlbels. Procestliacks L@ §P€aki ng

pointin

The grammar for speakable |inks

associated URL. It passes the URL to the browser
residing on host computer 11 (via wireless
communication), so that the Web page may be retrieved and
transmitted to the voice control unit 10 for display on
display 10a.

The grammar files for speakable commands and the
speakable hotlist are active at all times. This permits
the user to speak the commands or hotlist links in any
context. A speakable links process may also reside in
memory 20e of voice control unit 20. Selected
information in a Web page may provide links, for access
to other web pages. Links are indicated as such by being
underlined, highlighted, differently colored, outlined as
in the case of pictures, or otherwise identified.

Instead of using a wmouse or other pointing device to
select a link, the user of voice control unit 10 may
speak a link from a page being display on display 10a.

FIGURE 4 illustrates a portion of a Web page 40 and
its links. For example, the second headline 41 is a

-

link.

The grammar for speakable links includes the full

phrase as well as variations. In addition to speaking

RE 4
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15 the full phase, the speaker may say "Diana in N period Y period" (a
‘literal variation), "Diana in NY", or "D ana I n New York". Maki ng
a link speakable first requires obtaining the |ink/URL pair fromits Wb
page. Because a Wb page in HTM. (hypertext markup | anguage) format can
have any I|ength, the nunmber of candidate |ink/URL pairs that the
recogni zer searches may be limted to those that are visible on a current
screen of display 20a. A conmand such as, "Scroll down", updates the
candidate link/URL pairs.. Once the link/URL pairs for a screen are
obtained, a grammar is created for the al] the links on .the current
screen. Next, tokens in the links are i 48ntified and grammars for the
tokens are created. These granmars are added to the recogni zer's grammar

files. Correct toﬁﬁﬁbfa ion is challenging because |ink  formats can vary
wi dely. Links &% 5 SgunbBessPeakeEnPAY , SaYivEanR vigy & peadednhdvel

uses of punct ystiHr (a lit(%:QF.r eaekéleﬂﬁ&ﬁ,f%iépaeai@w,l ks p3Le t he

| ength of 1inkKs,.-anbiguity i nks 1 n the same page, and graphics

cont ai ni ng bi timdgyedorkiks. For long |inks, the speakable |inks process
N

or ds. For _ani gui #§% e p sEEoepRab=BF nEk thor Ao OHEatRiss GRe or |1

may offer a chankguel PREE FPomhErsSWEL pddd. Because a Web page in
HTML (hypertext markup language) format can have any
length, the number of candidate link/URL pairs that the
recognizer searches may be limited to those that are
visible on a current screen of display 20a. A command
such as, "Scroll down", updates the candidate link/URL
pairs. Once the link/URL pairs for a screen are
obtained, a grammar is created for the all the links on
the current screen. Next, tokens in the links are |
identified and grammérs for the tokens are created.
These grammars are added to the recognizer's grammar
files. Correct tokenization is challenging because link
formats can vary widely. Links can include numbers,
acronyms, invented words, and novel uses of punctuation.

Other challenges for speakable links are the length

of links, ambiguity of links in the same page, and
graphics containing bit-mapped links. For long links,
the speakable links process permits the user to stop
speaking the words in a link any time after N words. For
ambiguity, the process may either default to the first

URL or it may offer a choice of URLs to the user. For



16 bit-mapped |inks, the process uses an <ALT> tag to | ook for link
“information. The grammars for speakable |inks may be dynam cally
created so that only the grammar for a current display is active and is
updat ed when a new current display is generated. Dynami c granmmar creation
al so reduces the anount of required nenory 10f. - .FIGURE 5
Illustrates a suitable process of dynam cally creating granmar files.
This is the process inplenented by the dynam c grammar generat or of

FI GURES 1 and 2. As explained above, dynam c granmar files are created
fromcurrent Wb pages so that speakable |inks nmay be regognized. U S.

Pat ent Application Serial No. 08/419,226}6inc0rp0rated by reference above,
further describes this nmethod as applied to a voice-controlled host
system 11, thagiLs voi ce control w thout a separate renmote contro

devi ce 10. ANAPR ayinkg c ihhes prRCediss sy 20 SALEr RE 20 I99kct s

grammar const r ahpt $192- i ARG @GIRr constraints 52 are input into a
vocabul ary 54 and the user agent 64. In turn, the vocabulary 54 feeds the

online dictionary 5Bhe whiapmanspfos ispeakabdeplankschay ilonsdymaieaids The

pronunci ati ons_nodul e 58, .as wel |l as the Speaker |ndependent, Continuous
Speech Phoneti%r?iEﬁ§:§9nﬁﬂﬂte°@6¥ € uﬁrﬁﬁgﬁrtﬁgrLEe$u¥Eﬁﬂﬁ FHeplay is

addi tion, the Speped sROule BhakBRUWRhNS HEG c8rsPRed i, the User Agent
generated. Dynamic grammar creation also reduces the
amount of required memory 10f.

FIGURE 5 illustrates a suitable process of
dynamically creating grammar files. This is the process
implemented by the dynamic grammar generator of FIGURES 1
and 2. BAs explained above, dynamic grammar files are
created from current Web pages so that speakable links
may be recognized. U.S. Patent Application Serial Nﬁ.
08/419,226, incorporated by reference above, further
describes this method as applied to a voice-controlled
host system 11, that is, voice control without a separate
remote control device 10.

A display, such as the display 40 of FIGURE 4,
affects grammar constraints 52. The grammar constraints
52 are input into a vocabulary 54 and the user agent 64.
In turn, the vocabulary 54 feeds the online dictionary
56, which inputs into the pronunciations module 58. The
pronunciations module 58, as well as the Speaker
Independent Continuous Speech Phonetic Models module 60,
input into the User Agent 64. In addition, the Speech

module 66 inputs the user's speech into the User Agent



17 64. In parallel, the Context nodule 68 gets inputs from the screen
40 and inputs into the User Agent 64. An exi sting RGDAG (Regul ar
Grammar Directed Acyclic G aph) may dynam cally acconmpdat e new syntax and
vocabul ary. Every tine the screen 40 changes, the user agent- 64 creates a
grammar containing the currently visible underlined phrases (links). From
this grammar, =~ the user agent 64 tokenizes the phrases to create phrase
granmars that can’include, for exanple, optional letter spelling and

del et ed/ opti onal punctuation. Fromthe tokens, the user agent 64 creates
phoneti c pronunci ation granmars using a conbination of ¢gnline
dictionaries and a text-to-phonene nmappi 8§. The voi ce recognition process
then adds the granmars created. This involves several si npl e bookkeepi ng
operations for the voice recognizer, including identifying which synbols
denote "words"64o0 Innnanalhélnathy,Cghbbat mhdubessﬁugEUSnﬂnyuna<ﬁrGMD

i ncorporate t nem/chan gragmar t he s are connect ed
in an RGDAG rgfe‘%ﬁl%%efﬁnp &E}PPgﬁn {:ﬂe%x }b%iﬂth each synbol
is conputed. It lsuﬁlesas@ahgrﬁcﬁgd ‘(\ﬂééﬁﬁért@ﬁad{rﬁaﬁfbixwa %?clﬁ%qwres
parse information by | ooki ng for ancestor @gnbols Wi th output. Then the

structure of tdERIVamadr dyoprmaralty eaccpmmedate mev domtiay end O her
Embodi ment s vocabulary. Every time the screen 40 changes, the user

agent 64 creates a grammar containing the currently
visible underlined phrases (links). From this grammar,
the user agent 64 tokenizes the phrases to create phrase
grammars that can include, for example, optional letter
spelling and deleted/optional punctuation. From the
tokens, the user agent 64 creates phonetic pronunciation
grammars using a combination of online dictionaries and a
text~to-phoneme mapping.. The voice recognition process
then adds the grammars created. This involves several
simple bookkeeping operations for the voice recognizer,
including identifying which symbols denote "words" to
output. Finally, global changes are implemented to
incorporate the new/changed grammars. For this, the
grammars are connected in an RGDAG relationship. 1In
addition, the maximum depth for each symbol is computed.
It is also determined whether the voice recognizer
requires parse information by looking for ancestor
symbols with output. Then the structure of the grammar

-

for efficient parsing is identified.

Other Embodiments



18 Al t hough the invention has been described wth-reference to
"speci fic enbodi nents, this description is not nmeant to be construed in a
limting sense. Various nodifications of the disclosed enbodi nents, as well
as alternative enbodi nents, will be apparent to persons skilled in the art.
It is, therefore, contenplated that the appended clainms will cover al

modi fications that fall within the true scope of the invention. .

19 VWHAT IS CLAIMED | S: 1. A wreless voice-activated control unit
for controlling a processor-based host system conprising: a

m cr ophone operable to receive voice input froma wuser, thereby providing
an audi o i nput signal; an audio tridhsnmitter operable to wirelessly
transmt data derived fromsaid audio input signal to said host system

a data receiver operable to wirelessly receive inmage
Although the invention has been described with

reference to specific embodiments, this description is
not meant to be construed in a limiting sense. Various
modifications of the disclosed embodiments, as well as
alternative embodiments, will be apparent to persons
skilled in the art. It is, therefore, contemplated that
the appended claims will cover all modifications that

fall within the true scope of the invention.



data from said host system and a display operable to genefate and
"display imges represented by said i nrage data. 2. The control
unit of Claiml, wherein said mcrophone is switchable to an on or off

state separately from said display. 3. The control unit of Claim
1, wherein said . mcrophone is a nmulti-elenment mcrophone array. 4.
The control unit of aim3l1, further conprising a processor opérable to
perform a voice recognition process and a nenory that stores said voice

recognition process and grammar files.
20 5. The control unit of Claim4, wherein said vgice recognition

process conprises |+ near predictive codi g analysis, and wherein said
transmitter is operable to transmt the results of said anal ysis.
6. The control unit of Claim4, wherein said voice

WHAT IS CLAIMED IS:

1. A wireless voice-activated control unit for
controlling a processor-based host system, comprising:
a microphone operable to receive voice input from a

user, thereby providing an audio input signal;

an audio transmitter operable to wirelessly transmit
data derived from said audio input signal to said host
system;

a data receiver operable to wirelessly receive image
data fiom said host system; and

a display operable to generate and display images

represented by said image data.

2. The control unit of Claim 1, wherein said
microphone is switchable to an on or off state separately

from said display.

3. The control unit of Claim 1, wherein said

microphone is a multi-element microphone array.

4, The control unit of Claim 1, further comprising
a processor operable to perform a voice recognition '
process and a memory that stores said voice recognition

d

process and grammar files.

i



recogni tion process conprises speech end pointing anal ysis,

and wherein

-said transmtter is operable to transmt the results of said analysis.

7. The control
created, wherein said processor

granmar generation process. 8. A wreless voice-activated control
unit for - voice-controlled of a host systemin data communication wth a
hyper medi a resource, conpri sing: a m crophone operable to receive

voi ce input froma user, thereby generating an audi o i nput signal;

audio transmtter operable to wirelessly transmt

data derived fromsaid

unit of Claim4, wherein said grammar files are dynamcally
is further operable to performa dynanmc

an

audi o i nput signal to said host system aAd an data receiver operable
to wirelessly receive inmage data fromsaid host system and

21

a display operable to _generate and dlsplqg I mpges
5. The contrel unit of Claim 4, e

recognition process comprises linear predictive coding
analysis, and whérein said transmitter is operable to

transmit the results of said analysis.

reln said voice

6. The control unit of Claim 4, wherein said voice

recognition process comprises speech end pointing

analysis, and wherein said transmitter is operable to

transmit the results of said analysis.

7. The control unit of Claim 4, wherein said
grammar files are dynamically created, wherein said
processor is further operable to perform a dynamic

grammar generation process.

8. A wireless voice-activated control unit for
voice-controlled of a host system in data communication

with a hypermedia resource, comprising:

a wmicrophone operable to receive voice input from a

user, thereby generating an audio input signal;

an audio transmitter operable'to wirelessly transmit

data derived from said audio input signal to said host

system; and

an data receiver operable to wirelessly receive

image data from said host system; and

A



represented by said i mage data and retrieved fromsaid  hypernedi a
‘resource by said host system 9. The control unit of CaimS8,
further conprising a processor operable to performa voice recognition
process and a nenory that stores said voice recognition processes and
grammar files. 10. The control unit of Claim9, wherein said voice
recogni tion process conprises |inear predictive coding analysis, and
wherein said transmtter is operable to transmt the results of said
anal ysi s. 11. The control unit of Claim9, wherein said voice
recogni tion process conprises speech end pointing analysis, and wherein
said transnmitter is operable to transmit2fhe results of said anal ysis.
12. The control unit of Caim9, wherein said grammar files are

dynam cally created, wherein said processor is further operable to perform

a dynam c grammar geréksplanh qpeswdde to generate and display images
represented by said image data and retrieved from said

hypermedia resource by said host system.

9. The control unit of Claim 8, further comprising
a processor operable to perform a voice recognition
process and a memory that stores said voice recognition

processes and grammar files.

10. The control unit of Claim 9, wherein said voice
recognition process comprises linear predictive coding
analysis, and wherein said transmitter is operable to

transmit the results of said analysis.

11. The control unit of Claim 9, wherein said voice
recognition process comprises speech end pointing
analysis, and wherein said transmitter is operable to

transmit the results of said analysis.

12. The control unit of Claim 9, wherein said
grammar files are dynamically created, wherein said
processor is further operable to perform a dynamic

grammar generation process.

* c L M s *



22 13. The-control unit of CAaim@8, further conprising a
‘processor operable to performvoice control processes and a nenory that
stores said voice control processes. 14. The control unit of Caim
13, wherein said voice control processes conprise a speakabl e commands
process such that said user may vocally direct the operations of said
host system : 15. The control unit of Caim1l1l3, wherein said voice
control processes conprise a speakable hotlist process such that said user
may vocally request a "particular one of said resources to be retrieved by
said host system 16. The control ynit of Caim13; wherein said
voi ce control processes conprise a speak e |links process such that said
user may vocally request that a link on a current page being displayed.on
sai d display be retgieved by sai d host system The control unit

17.
of .Claim 8, further3conphfsFRRFTA proideHolClqiar &n EVFEDEEr FOFRTIBIRS
recogni tion ppOgeseessaRdohlr A8 d CHJ“?@QHJP:& VLUIRENELER PO DL QEESSES,

and nmenory that stores sal'd processes.
and a memory that stores said voice control processes.

14. The control unit of Claim 13, wherein said
voice control processes comprise a speakable commands
process such that said user may vocally direct the

operations of said host system.

15. The control unit of Claim 13, wherein said
voice control processes comprise a speékable hotlist
process such that said user may vocally request a
particular one of said resources 'to be retrieved by said

host system.

16. The control unit of Claim 13, wherein said
voice control processes comprise a speakable links
process such that said user may vocally request that a
link on a current page being displayed on said display be

retrieved by said host system.

17. The control unit of Claim 8, further comprising
a processor operable to perform voice recognition

processes and to perform dynamic grammar creation

processes, and memory that stores said processes.

T



