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SPEECH RE 5 Reservai right [0001] This PaVENBaIZUNent
contains informati on subject protection. The copyright owner
* has no objection to the facsim|l é'%'é@roductlon by anyone of the patent
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aut omat ed- speech processi ng. ClheREKEO&(}NIT&ONhe present invention relate
to adaptive automatic speech recognition. 15 [0003] In a society that is
becomi g i ncreasingly service oriented, choices of products are often

determ ”edlégsﬁmtﬂh%‘id@)g?f?ﬁ?”pa”y' ng customer services offered with the

products npanies in nmuch capltal I n prOV|d|ng such services in order

to attract cu cust 0, pur.chases c ut er _
froma manuf aibﬁ(ﬁg ﬂwqﬂé%ﬁf‘gsﬁ&a OPSPPJQ‘é“Pé’PMBRﬁ%& o)
that the customer can 20 call for, any techm cal support or service

quest i ons. Thegopyaght owaerhastroghistien & @ﬁé@sxr@@rr@p@égchcal bsoae efter may
establish a call center equi pped with call routing capabilities (e.g.
route a cglatent docameat/ar the phtentageit bppeatsan ilentd.Sd Ratehiad Fypdemark Ofﬁnag'lelsg

rel evant information such as customer profiles, and personal who are
capablig oforhesaedsbagotheivwiss fﬁﬁéweéﬂpﬁ?yﬁEhWWHﬁ%evIﬁere may be ot her
possi bl e system configurations besides call 25 centers that are deployed to
f.agilitate customer services. [0004] Maintaining a call center is costly.
To)effectlvely conpete in the market

BACKGROUND

[0002] Aspects of the present in{'enﬁon relate to automated-speeqh pfocessing.
Other aspects of the present invention relate to adaptive autdmatic speech recognition.

15 | [0003] In a society that is becoming increasingly service oriented, choices of
products are often determined according to accompanying customer services offered with
the products. Companies invest much capital in providing such services in order to -
attract customers. For example, a customer who purchases a computer from a-

N manufacturer may be provided with a toll free telephone number so that the customer can

20  call for any technical suppor't or service questions. To facilitate oﬁ'gred customer
services, a manufacturer may'estabﬁsh a call center equipped with call routing capabilities
(e. g., route a call to an available agent), backend database systems managing relevant
information such. as customer profiles, and personal who are capable of handling different
types of questions. There may be other possible system configurations besides call

25  centers that are deployed to facilitate custoﬁer services.
[0004] Maintaining a call center is costly. To effectively compefe in thg market

place, the cost associated with customer services has to be kept low. Various strategies
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pl ace, thé cost associated with custoner services has to be kept |ow.
_Various strategies 1 *@0002* 21" WD 03/088211 2 9 SEP PCT/ USQ33 (3B 2036
savi ng costWRHEHEEn devel oped. One such strategy is to i nPEBHEEM09212
automatic call routing capability so that there is no need to hire .

< operators whose job is nmerely direct calls to appropriate agents. Such

aut omat i ¢ adflshvingebstihgvd bednldevéleeda Oy AL SRdtbyy 1516 Hudagte il.gi?rrifiﬁte@ﬂls

related to a calling custoner (e.g., a custoner nay have a I ng.
question) gBekid Bili heald v oper' s call t n t
who is speci al iéz]g%ai nl?yt‘j e pa%%?(l:gu%alﬁ&ugglr}%?ﬁp %rét_%%s_ ‘-,gﬁ%sﬁ Jggéanleﬂfﬁ'o(ﬁf??gﬁﬂ
responsi bl g_f{ handling bid l.ing related quesfigns). [0Q05] There are

mai nl y tvvo%(():'g }Serggp{l}ggg%ﬁgs't Serthonatiq %f‘?lrfggﬁ% chitied agpmatically intesrret thg.  one
is to pronpt. CF| ling customer to enter coded choices. For exanple, a call
center may ”ﬁ?‘gﬁfﬁ ateql to aallmg custonrer(e sy a qustoprer phaychavg adilling qeestionharet then f or
~billing 10 questions; enter 3 for pronptions.". Wth this inplenmentation, a
cust omed maytoaratieally route the destamer’ eegilow dhnngertaviteis ispesalized Wi the puticifira
device with keys such as a tel ephone. Since this type of solution requires

a cal ling dofaim@lg.santigkft Who istred%ﬂsiﬁl@m&@ﬁﬁ%ﬁfyﬁ%@gﬁﬁe@ %‘ésgﬁfﬁﬁ?} ially when

the nunber of choices is | arge enough so that e trouble

to renmenber the . ' chai ce, aft.er heariing the pronpt. 15

[ 0006] Anot her c[gt e (;P;h 3&0?@ etlzrﬂﬁ%%gagegogl%f BF%?ﬁ{"?)'ﬂ’é?sgo 5%12\1’|Zgﬁ‘(5t8frﬁaﬁ§° a |
voice. In this case, ,a call cepter may pronpt a _calling custoner to say
what cat eg6?"|§m§f B¢ {5jtQ grqrapt atFéHWé Wgﬂééépﬂtef spedehoicesst Beigxample, @ieall

ase, does. not have to renenber the code for each choice, it is often nore
z_gr)i'veni ent Cenfer Inayprompt gifustomgnie “shtes bifonilacisg amorxder; lentee Atfer billingual | y

depl oys an automatic speech recognition systemthat recogni zes the spoken
wor ds B f qugstiohs; esteed dor mbmaticms.’). i With dsé bAflementagon, AGRSIBMEE tha§ RAteR heOr dS
are then used to route the call. Due to the fact that a call center

usual |y hassteareapdndingbReitedl sedvide Riflg I @WYceli il £E g{rﬁzlt? f'a]%% R hSne. | $ince

usual | y depl oys an automati c speech recognition syst

this type of solution requires a calling customer’s effort, it may annoy some customers, _

 especially when the number of choices is large enough so that a customer may have
trouble to remember the code for each service choice after hearing the prompt.
15 [0006] Another category of .techniques isto aﬁtomate call routing via voice. In
this case, a call center may prompt a calling customer to say what category of service is
) being requested. Since a customer, in this case, does not have to remember the code for
each choice, it is often more convenient. To realize this type of solutions, a call center
usually deploys an automatic speech recoénition system that recognizes the spoken words
20  from the speech of a calling customer. The recognized spoken words are then .used to
route the call.  Due to the fact that a call center usually handles calls potentially from
many different customers, it usually deploys an automatic speech recogm'tibn system that
is speaker'independent (as opposed to speaker dependent system). Independent speaker

voice recognition, although more flexible than speaker dependent voice recognition, is less

25  accurate,



i s speaker independent (as opposed to speaker dependent system).

. I ndependent_speaker voice recognition, although nore flexible 2hanSEPe208r
dependent v%’pp(g B¥dbgnition, is less 25 accurate. 2 12 200BCTHSIIMWR88211

PCT/ US02/ 09212 ~0 2SEP [0007] To minim ze the recognition inaccuracy of

using a speaker independent system a snmaller than normal vocabul ary may

be used. Wth tgp ?Qge a 5 Ca{efzg%l@%ximg&%%cg fPﬁlﬁgHts?ﬁﬁcePﬁld'e GflleftSt OMEr

at a partlcul ar s state on ree ven service -

choi ces, to_recogni th t.onmer a vocabul ar only
oo 5 wivteragmage E8 v ulf%aaﬂn?seﬁ "‘*Ezhthé&fg el el s orer

I's given choices of "information", " rator' " to recogni ze

I ll
what the CGBEBREMMRL £ Falipg eustomey at@aetalsmamtggecqfﬁm e%ll WgSt‘HF OBnPf;/the HEg&e three
words is selected (as opposed to a generic vocabulary containing thousands
of words) given seediogeticides)to pecognize what fhe nystemerwill say, 3 vambulagy effonlydiress t o
narrow t he scope of the recognition and, hence, inprove recognition 10

accur asy. Wirifimahibe stiestbd fdt¥6oogitiofl] aneéﬁﬂ{ 16 i0&stddherds giveh chélbdsfofr ent
vocabul ari es are” sel ected based on the reqU|renents of an underlying

appl i cati ogyq, &Q&%@’ “g Y a{nﬁ%ll Ogr?’tﬁ‘) @Yﬁ%ﬁ%iﬁé&&%&kﬁn%ﬁ&&%td on of
vocabul ari es ren ages ¢4 recogni tron accuracy s often
not good enot "This is es aII tru -underl.yi ng vocabul ary is
hot Sl 1 BRIy CPusivinket ghbriheeicies HokTS gt ER BRSO AR e pecch
~recognition that is speaker independent. Even with a relatively smal I
vocabul ar yocaiulary cepfainiigsthewsapds qfdgprévef@ereaomw PupPses: Weing yempllddi f f er ent
speech features. For exanple, word "operator” may be pronounced quite

i i'f er ent vgcdbplay helpsbr harrow thetstope of flesteeogmitich and) hgrmesiseproet ieoogitior?0

BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0009] The present invention is further
descr i@ed abdurddyy. T5Wath tR6QEBRLRY, at AITRPEt @ﬁg&ssofmluc&ﬂu:édt vBEabiRgiek afeed in

detail with reference to the drawi ngs. These
selected based on the requirements of an underlying application.

[0008] In many real systems, even with flexible selection of vocabularies at
different steges of a call, recognition accuracy is often not good enough. This is especially
true when the underlying vocabulary is not small enough. It is.a difficult task to perform

15 automated speech recognition that is speaker independent. Even with a relatively small
vocabulary, different customers may state a same choice with very different speech
G )i features. For example, word “operator” may be pfonounced quite differently by an

American native speaker and a Japanese national.

20 BRIEF DESCRIPTION OF THE DRAWINGS
[0009] The nresent invention is further described in tenns of exemplary
.embodiments, which will be described in detail with reference to the drawings. These
embodiments are non-limiting exemplary embodiments, in which like reference numerals

represent similar parts throughout the several views of the drawings, and wherein:



enbodi nent's are non-limting exenplary enbodi nents, in which |like,ref %re%ﬁ
_nunerals represent simlar parts throughout the several views of fhSEP 6
. draw ngs, B OHARS2H n: 3 29 SEP 2006 WD 03/:088211 PCT/ USO3PODBIB/PDI10]
Fig. 1 depicts a franework in which a caller's speech is recogni zed using

* vocabul ary and acoustic nodel s adaptively sel ected based on a call context,

according to erf@id] Fgislepicts Hfranewskith WS SRR shQRf 1 rea)&gfzc%ﬂ j Cts

the internal high I evel functional block-diagramof ‘a speech recoghi tion

eal | Cont e B R el e el B AR oRRGE R BPE £012)

a call context, ‘according to e NEf%012]

Fig. 3ill Hﬁﬁ)hm tse@\[/%rgge%%{ﬁ%%xant information of a call context that

may affect the adap °f a vocabul ary and associ ated acoustic
nodel s, accordi E(ﬁ) ti) .. enbodi nepts of the present invention; 10 [0013]
Fig. 4 descri bet0WAI Eigeddenicts theinsernalhigh level funsionallecktdibgraneef mspdech
acoustic nodels, according to an enbodi ment of the present invention;

[ 0014] Fi grecegnitommeeheaisp tiiayisfchpatiddief ddapfingitpvarabslary dnd adbustt roded dos ' S
speech is recogni zed using vocabul ary and acoustic nodel s adaptively

sel ect ed bealbabneext,ace@lting t6 embedinenB ST prasknt v@ﬁ'ti&{f,’bOdi ment of the
present invention; 15 [0015] Fig. 6 is an exenplary flowhart of a process,

in which a vocapel sy e 24RRERL ' dynam cal |y sel ects an
appropri at.e vocggu‘lﬂ;& accor %%%@%?%Pmt géﬁgxéggp’n oef@cc8ﬁcﬁ°ﬂ x{ @a%may
enbodi nent resent lLnvention, 0Q16] Fig. 7 is an_exenplary
f1 owchart %‘?J°5ﬁ%?‘8§%gvs,sefeﬁhw &V%ﬁb'éléw[@giaéwﬁ%%i acopdiggnadsly mceasdingto sm -
yham ca sel.ects an appropriate acoustic nodels with respect to a
dynani cal I i at ' del ith 20
{odabul ar _ n; according to an enbodi nent of the
odabul ar y*Redimenss obthe preserignyantion; di mbodi f th
present invention, and ) :
10 [0013] Fig. 4 describes an exemplary relationship between vocabularies and
acoustic models, according to an embodiment of the present invention;
[0014] Fig. 5 is an exemplary flowchart of a process, in which a caller’s speech is
recognized using vocabulary and acoustic models adaptively selected based on a call
context, according to an embodiment of the present invention;
15 [0015] Fig. 6 is an exemplary flowchart of a process, in which a vocabulary
adaptation mechanism dynamically selects an appropriate vocabulary according to acall
‘\) context, according to an embodiment of the present invention;
[0016] Fig. 7 is an eXemplary flowchart of a process, in which an acoustic model
adaptation mechanism dynamically selects an appropriate acoustic models with respect to

20  avocabulary based on a call context, according to an embodiment of the present invention;

and
[0017] Fig. 8 is an exemplary flowchart of a process, in which acoustic models

used for speech recognition are adaptively adjusted based on speech recognitior

performances, according to an embodiment of the present invention.

25



[00127] Fig. 8 is an exenplary flowhart of a process, in which Z@Oﬁi
_ nodel s -useq/d‘@r gﬁ(ﬁgch recognition are adaptively adjusted based Psé@%h
recognition p {98 nces, according to an enbodi ment of thBCHUSEHHRI2

invention. 25 4 WD 03/088211 2 9 SEP 2006 PCT/ US03/09212 DETAI LED
: DESCRI PTI ON [ 0018] The processing described bel ow nmay be perfornmed by a

properly programed general - pPEIOSE . FY DRSICAIPAIONE Or in connection with a
- speci al purpose conputer. Such processing may be perforned by a single :

pl at f orm or by ' | . ro LN | ai for ln,additio such
processi ng and @lﬁgfﬁé%gﬁ%gsgm%a@%s%@%ﬁ%?gﬂ%ﬁﬂ edpqrﬁ}nnfaﬁgyfa(ﬂrﬂpgy speci al
purpose hardware of in the formof software being.run, by a general - purpose
conput er . PERgTAmmed BensrAlPYROse Sorapute lonsorin gomnectiqrewith @ special pUBRQSEt  of
guch processing can be stored in any menory as is conventional in the art.
By way of eotmaphiereSuclsprobessiagmayehe fsefonned byva singla platfommrarby andistobytedsuch as
in the RAM of a given conputer 10 system or subsystem In addition, or in

t he al tfer npiocessing platforsialbaddition) suchipRé@esihdlandfgetionali6r dinHedhplendhtad iges,
for exanple, magnetic disks, rewitable optical disks, and so on. For

pur poses Ofhe lfien S’ffs?%bﬁﬁﬁl{rﬁoéé aﬁdv&hrearﬁ;t@% [ Gf'sGi g%irg@jﬁg,y nglgim” se

any formof data Storage nechanism | I ng suc

t echnol ogi | l.,as, ha re r ci,rcuit representations,of. such

struct ur s upa sPhplick Anpa Bhtyebh il s desmg B AR RS RS BE 00 1 1

~which a caller's speech is . recognized .using vocabulary and acoustic nodels
adapt i vel YPIEFRSEIBE cg‘ég"eﬁfo’i?ﬁ 13 apy Memepnisds convertional i the arto Bynwanphexsewlof t he

present i nvention. Framework 100 conprises a plurality of callers (caller

1 ¥10a, cauckdata maythe stored incatenporary iedwyy, saclvas indhe BApof e givepsomputeso,

and a speech recognition nechanism 140. A caller comrunicates with the 20

_Voi ce 10es ystem ar\sabsysted In ¥dditien, o8 e Kltdhitive h daBCahy bb StofedGalldnger-om a
caller via the .
term storage devices, for example, magnetic disks, rewritable optical disks, and so on. For
purposes of the disclosure herein, a computer;readab]e media may comprise any form of
data storage mechanism, including such existing memory technologies as well as hardware
or circuit representations of such structures and of such data.
| 15 [0019] Fig. 1 depicts a framework 100 in which a caller’s speech is recognized
using vocabulary and acbustic models adaptively chosen based on a call context,
) according to embodiments of the present invention. Framework 100 compriées a -
plurality of callers (caller 1 110a, caller 2 110b, ..., caller n 110c), a voice response
system 130, and a speech recognition mechanism 140. A caller communicates with the
20  voice response system 130 via a network 120. Upon receiving a call from a caller via the
network 120,.the voice response system 140 identifies and forwards information relevant
to the call to the speech recognition mechanism 140. Based on such information, the
speech recognition mechanism 140 adaptively selects one or more vocabularies and

acoustic models, appropriate with respect to the call information and the caller, that are

25  then used to recognize spoken words uttered by the caller during the call.
5



networ k 120, the voice response system 140 identifies and forvvarg
_information relevant to the call to the speech recognition nmech rsﬂsﬁﬁplé?@{.]s
Based on su¥R%A3Hmati on, the speech recognition mechani sRECTEBO3H8213 i vel v
sel ects one or nore vocabul aries and acoustic nodels, appropriate with
 respect to the call information and the caller, that are 25 then used to.

recogni ze spoke ro LA : : EP
2006 WD 03/ oss@f?%%ﬁ%gd%gg]f%a H}g‘é%]% itiil&c"‘a‘lg’#gedr &%%ge%AVéceégpﬁh%é
either a wred.or a wireless device, which.can .be a tel ephone el lul ar
bhone. or | Bl e B Bhrty ey aicdon dPash sheh A Ao el 088

(PDA) or a personal conputer, that is capable of transmtting either speech.
(voi ce) datssistant (BIA) erespersanat eanpiiser, thabimcspatde of wansauitting sitharspesck 120
represents a 5 generic network, which nmay correspond to, but not limted

to, a | oca({voivepdataet faatiteq frdii¥formed fiwintlspeactedatme (The hktw(oAANR) rdpnesentataer net, a
W reless network, or a proprietary network. The network 120 is capabl e of

not onlsy tpaREFNEM ML, ma@nﬁytcoﬁla%gna &, Bui 7 1SRMaUb, a foBAIQEIdREKI(BIANEd tO

the transnission, together with t transmtted data, to the voice

response sysk 30 . F ; . [ | L ches,
routers, a%gjl(%?:%?é%é‘g oﬁ{lg?@gh@%g%?tégﬁ#@%% P é@x&r ggxiaﬂ)? @r@ﬁéﬁﬁé(&?ﬂ ed to
the caller_and attachi.ng such _information _Wi%h he trarsm'ttegﬂdata.

[0021] Thelhongtworksl0is Sapableefnnt only transmiiting data hutplsprelaymggistl o nap)-ed
system that responds to the speech froma caller by taking appropriate
actions bawéimatiomrelated to thalttansmissips, tdgathergvith thatiansnriged dtantelthe veipe voi ce
response system 130 nmay correspond to 15 an interactive voice response

€l YR systespoiepkpye 130. aFaradxbmpR)itemetwditien 26 nelihelude gwitthes reutem] and o t he
call center, the VR systemmay automatically direct. the call to an {
appropg atpBReihbt At g&ﬁhﬁéér?@f éxu‘i@tmrggi?ﬁ&ﬁa%ﬁfill Rlat¥dRtthé Salferafld BYachiig sash | er .

For instance, calls a billing question, the | VR system

I a cal
shoul d direet t I @E who i's trained to answer billing
guesti ons.ﬁfq aﬁé“%’zl:hlﬂé‘%&as slag(g‘?&%i rectory assistance, the I'VR

[0021] The voice response system 130 represents a generic voice enabled system

that responds to the _spéech from a caller by taking appropriate actions based on what a
caller says during a call. For example, the voice response syste'rﬁ 130 may correspond to
15  aninteractive voice response (IVR) system deployed at a call center. When a caller_
places a call to the call center, the IVR system may automatically direct the call to an
- 13 appfopriate agent at the ;:all center based on what is said by the caller. Fdr instance, if a
caller calls for a billing question, the IVR system should direct the call to an agent who is
trained to answer billing questions. If the caller asks for directory.a'ssistance, the IVR
20 system shquld direct the call to an agent who is on duty to help callers to ﬁnd desired
phone numbers.
[0022] To appropriately act based on a caller’s voice request, the voice response
system 130 relies on the speech recognition mechanism 140 to recognize what is being
said in the caller’s speech.  To improve recognition accuracy, the voice response system

25 130 may actively prompt a caller to answer certain questions. For example, upon
6



20 system-should direct the call to an agent who is on duty to, help_c rs
245 E° 200

_to find desw eoc.jso hone nunbers. [0022] To appropriately act ba
caller's vol'@Pf8%ilst, the voice response system 130 rel i BeT/HR0¥ 921 peech -

recogni ti on nechani sm 140 to recogni ze what is being said in the caller's
+ speech. To inprove recognition accuracy, the voice response system 25 130

2% SEP 20087008 BB Sams s ‘BiceORBARITH P TS0, BT colBfto SR ofi FHTRYErel P

‘response s may.. ask ..t al.ler.to state one of seyeral given types

~ qf assi staﬁ@%gﬁg’;e? gﬁ%slséﬁagcf’ gmgﬁeé i1y Sqeking (-8 pPlEG AT g directory’y ectory e
-assistance”, .and “billing"). [0023] The answer fromthe caller nmay be not .
only utili iﬁﬁt%egﬁpﬂe%QIH@ Yoice 5 response system 130 to react but al so
yseful in ternms of selecting an appropriate vocabulary for speech

recogni tion pur [}238k Theanswen fioarthe callanavayrbg noh anlyartitiatd erguidertheueise s for
billing service, the voice response system 130 may further pronpt the

cal ler $0 reppanse opsta 130 eotbatt bubABE hsefulGh Yéths OFsSle AR bprdphisies Peech
recognition nmechanism 140 nay utilize a digits vocabulary (a vocabul ary

consi stin hEns t . r,1S. . j st, of
Com TSt RIS ekl ARSAURL P BHIRE! SR LPUG IR0
Eor ol B titige Selo B e ohH o e T mme Bey pramph o eAleten of

~digits and letters, the speech recognition mechanism 140 may utilize both
“a digit vo¥eWge anpceount laumgqrt ebivepdhis sontgxty thespershgedoggition neschgnismtldér s) to
- forma conbined vocabul ary. A choice of a 15 vocabul ary may al so be :

: Iﬂ:g nguage dugewtliaeta digits voaabularyo(e votdbulary abnsisting pf akly digitsyif abpacouabh, a

Spani sh vocabul ary has to be used. [0024] Using a particular vocabulary in
~ speecH0r eangibet isdhowaito @aﬁﬁg\@fdﬁmigﬂ? to eORRzOWh AL bRR&SH R Bfler’s

" recogni zed, which inproves both the efficiency and accuracy of
' response. The choice of a particular vocabulary may depend on an underlying application.

For example, if an account is known to be composed of a combin'ation of digits and letters,
the speech recognition mechanism 140 may utilize both a digit vocabulary and a letter
vocabulary (consisting of only letters) to form a combined vocabulary. A choice of é

15  vocabulary may also be language dependent. For instance, if a caller speaks only
Spam'sh, a Spanish vocabulary has to be used.

' ) [0024] Using a particular vocabulary in speech recognition may narrow down the
scope of what needs to be recognized, which improves both the efficiency and accuracy of
the speech recognition mechanism 140.  Another dimension affecting the performance of

20  aspeech recognizer involves whether a caller’s speech characteristics are known. For
example, a French person may speak English with a French accent. In this case, even
with an appropriately selected vocabulary, recognition accuracy on, for example,

- recognizing English digits spoken by a French person using an English digit vocabulary .
may result in poor recognition accuracy. In speech recbgm'tion, acoustic models capture

25  the acoustic realization of phonemes in context corresponding to spoken words. A
7



t he 'speech recogniti on mechani sm 140. Anot her di nension affect iv?gg thsP 2006

_ performance_of 20 a speech recogni zer involves whether a caller™s speech
char act eri sYPJIS/088281 known. For exanple, a French person napCEEseo%myl i sh

with a French accent. In this case, even wth an appropriately sel ected

- vocabul ary, recognition accuracy on, for exanple, recognizing English

di gits spoksnbiirPreaifash dﬁféréﬁp‘%d@:hélgn p@g%#&d& 1448 .&éﬁt&%%%cao e MRY

result in poor recognition accu recogni ti acoustic nodel s

capture 25 the agoustic realization of. phaonenes in cqntext cgqrrespondi ng
to spoken %89%5 m"‘i'?-a‘ﬂlé" §v%°égu W@ﬁ@gg%@fg?’ﬁlr @g@éﬁ&?&gabul ary
realized in different |anguages my correspond to vastly different acoustic
model s. Si #RCEBSI(G:2- spepl digitslim Epglish withha Franch aegent) anny alspeyipls distinet acoadtio t h
different accents (e.g., speak digits in English with a French accent) may
al so yi el dmdidelsi nct ‘acoustic nodels. 5 [0025] The speech recognition
mechani sm 140 adaptively selects both vocabul ary and associated acoustic
nmodel s sappr opri fjge ' grgﬁb' Ad 4 ' y
adapt ati on machgr?i glfm,pge; , egﬁ&g%oustl?lgermde gﬁ’a‘?odt% t é §%€%‘ﬂg%ﬁﬁ§%1€wd%&and
an aut omat } ' 60. The.vocabul ary adaptation nechani sm 150
determ neséﬁgp%rpcgcgér%&a cgﬁ\%gﬁ;ﬂgé@{l%équgp%ag% £°d 88 “TOB?E’HE’[OF ﬁt?cﬁ?@asefﬁ a
particular_call as 10 well as the_ underlying app]ication. For exanple, it
may sel ect”® %J"gﬁrél ngp]tag?xb{np&%% ’éh?c%‘%‘éﬂl%lﬁi qdaptatign mechapism 1d0cand| or
is known fo be an English speaker (e.g., based on either prior know edge
about the ¥ AR speedureenemized 16@ c obre Ydcabularysadhptatioramechanism 50 | er
reqguests service related to billing questions. In this case, the English
di git voodetarnines approphatsencibalariep basedrd infemghiorn fefiedXo ayfhadicudr dallke sai d
by -the caller in 15 answering the question, for instance, about his/her

accourny NUPEss thd hﬁd&mggeappﬁeaﬁoﬁppmpéhﬁﬁa;ﬂe,\'ipﬁ§9Héléét%a'ﬁ%li&?&fgﬁt ed based on

bot h application needs (e.§., to answer

vocabulary based on the fact that the caller is known to be an English speaker (e.g., based

on either prior knowledge about the customer or automated recognition results) and the
caller requests service related to billing questions. In this case, the English digit
vpcabula:y is chosen for upcoming recognition of what_ will be said by the caller in
15 answering the question, for instance, about his/her account number. Therefore, an
appropriate vocabulary may selected based on both application needs (e.g., to answer a
' ) billing question, an account number is required) and the information about a particular
caller (e.g., English speaking with a French accent).
[0026] The acoustic model adaptation mechanism 170 adaptively selects acoustic
20 models based on a selected vocabulary (by the vocabulary adaptation mechanism 150) and
the information related to the underlying call. For example, assume an incoming call is
for a billing related question and the caller is known (e.g., the customer profile associated
with the caller ID may reveal so) to be an English speaker with a French accent. In this
case, the vocabulary adaptatioﬁ mechanism 150 selects an English digit vocabulary..

25  Based on the vocabulary selection and the known context of the call (e.g., information
8



billi ng question, an account nunber-is required) and the inforggti (i gg%t
_a particul a@o ca’l ler (e.qg., English speaking with a French acc t)S(.E [ ]
The acousti & on'D 3?21€1dapt ation nechani sm 170 adaptively sel eBEEHUSENI2t2 c 20
nodel s based on a sel ected vocabul ary (by the vocabul ary adaptation

* mechanism 150) and the information related to the underlying call. For

oA | . ! : to ! Cameand th
exanpl e aslsauml@danexr)gaahémlsﬁ@hbdelsadaﬁt@ﬁm?m%ﬂakﬂsﬁﬂ17(243% %&?ﬂﬁédo%?ﬁan the

~caller is known (e.g., the customer profile associ at e caller ID
may reveal ;S8) | d i th a french. .acc . Ln this
cade i ho BoAYls (i BERT G pBEn PRORING: o bk EreRER fla Wi T pnctresrly
vocabul ary. 25 - n the vocagbuyl ary sel ection and the known context of
the call (e.g., ﬁﬁ’ﬁ? ﬂifor?sﬁaﬁlsfns Sl%?e% @%ﬁ@é%ﬂ%@@%@n&om@mmsmgmz
about the caller), the acoustic npdel adaptation nmechanism 170 may sel ect
t he acoust fQusigaede] adeptatienyacchenism 1§ mpeddetrning porthe-fly, the bsgtaicenstiengl i sh

digits with French accent. [0027] If a call er's speech characteristics are

not kndwn mogels suitableefoga pasicakntaller.t For casmpls, th€ adbustt mpdariastuon mechani sm
170 may determne, on-the-fly, the best acoustic 5 nodels suitable for a

par 1 oul armeeHahein 1 PAGIBAiES, BEAEABbhSe BPARLPHRRE AR LD agiERTI2N) o

170 may dynam cally, during the course o pts to

appropri at ' del s .based on the recognition perfornance.of the

aut omat i c,@ggcg%ﬁ‘% érc(e(\)(lzl%)%:nlln ‘ie}s aéﬁgo? p‘eﬁﬁ?@g‘mﬁ%‘?ﬁ%&l ©/pd the Bomatic speeeit

. recognition perforpance and "% . accordingly adjust the acoustic nodels to
be used. -fﬁ%‘%ﬁ‘b@éﬂg@ iﬁﬂ@i’ﬁﬁ?ﬁwuwmmﬁw copersh recpgatpnpestoemanasdndi t h t he
caly -information for future use. (50028] When a vocabul ary and correspondi ng

‘acdust i c risedingdy adjns the acapsticapededs tol be ushd sThe updateddnfoomatiorcisshaestbred
recogni zer 160 perforns speech recognition on incom ng speech (fromthe

cal | erl) usindgsideintesiowitie thedalldnfohtihtionyfor Aduragelst i ¢ nodel s. The recogni tion
result is then sent to the voice response system 130 so that it can

properly 15 r Go618]'WhEdg v6ciblRfy Sd'QrfepditiRbusticthofolfdibEm | T 2
appropriately chosen, the automatic speech recognizer 160 performs speech recognition on
incoming speech (from the caller) using the selected vocabulary and acoustic models.
The recognitién result is then sent to the voice response systerxi 130 so that it can prbperly

15 react to the caller’s voice request. For example, if a caller’s account number is
recognized, the voice response system 130 may pull up the account information and
' \ prompt the caller to indicate what type of billing information the caller is requesting.
[0029] The reaction of the voice response system 130 may further trigger the
speech recognition mechanism 140 to adapt to select different vocabulary and acoustic
20 models for upcoming rccognition; For example, to facilitate the automatic speech
recognizer 160 to recognize the upcoming answer about the type of billing question (from
the caller), the vocabulary adaptation mechanism 150 may select a vocabulary consisting
of three words corresponding to three types of billing questions (e.g., “balance”, “credit”,

and “last payment™). The acoustic model adaptation mechanism 170 may then

25 accordingly select the acoustic models of the three-word vocabulary that correspond to, for
9



recogni zed, the voice response system 130 may pull up the accoupt
. information_and ronpt the caller to indicate what type of bil igngsEP 2006
i nfor mat i on™ @/Oégqlfer is requesting. [0029] The reaction ofCTAES0H/01282

response system 130 may further trigger the speech recognition mechani sm
: 140 to adapt to select different vocabul ary and acoustic 20 nodels for
upcomng r Ltk ex t 1) -t he au | C. :
recogni zer @ﬁ%{%ﬂ% ’oﬁrrglgbgl odg:c%?lg'e f‘%ﬁ%‘gbﬁ%’tf?}gfea‘}r?s?m%ﬁé{tﬁg’u‘%‘g‘%‘gg‘?%"%‘%ﬁ?% ng
question (from the caller), .the vocabul ary adaptati on nechanism 150 may
select a v aﬁ‘fﬁ\’%ﬁ%d@%ﬁ%‘?‘%‘%‘ﬁﬁﬁmsﬁ Pf pt W%&%&Pg&gﬁfﬁﬁh‘?%c%@hr ee types
of billing questions (e.g., "balance", "credit", and "last payment"). The
acoust i ¢ néyamigelhpelact the veeabridaries and Fustiy mofieln that arganest dpprgbriate givent t he
acoustic nodels of the three-word vocabul ary that correspond to, for 9 WO

03/ 088211 thexabBieBnteo06 PCT/ US03/ 09212 exanpl e, French accent. Therefore,
both the vocabul ary adaptati on nechani sm 150 and the acoustic adaptation

mechanissm 170 a ; ' (}ﬁl'élppé - ¢ al %lqm

sel ect ?he vocagﬁllgg]rFfekéggﬁ%ﬁgggﬂisnﬁgﬁmdel gelmcﬁwg?leﬂl%‘gg?a ppr opr?géégb%i ven
the call c . | g... 2. depicts t.he internal high |evel

- functi onal fégf)gﬁéﬁo%ﬁgélgag)%%} E(t’ %8(:0 glggg%emﬁgijg]aﬂ. tO& PR vgpﬁn%o,The

according to odijrent.s of the present invention. - The wvqQcabulary

adapt at i on‘“?ﬁé‘g% %“ﬁgtf%“ Bﬁﬁkﬁm%éﬂiﬁorawes aaepRlicatiomeonirallsy 280,@ call g |
context detection nechani sm 240, a vocabul ary sel ecti on mechani sm 220, and
a plural i tSomextdelgetionmpdhanism 244k alyatabuiasy sgd@tion Timehenisa?20aand spluedity on
r_TE;c)hani sm 220 chooses 10 appropriate vocabul aries based on a call context,
detlect ed bof dvaitaklavbcabalatiex230let Betvoeibul iy chlasticinmednisanz( deoggp! i cat i on
requi renent, determ ned by the application controller 210. [0031] The

appl T Q@ | OfbpfdiHakOYd bl BERYA 6 & LAl Corkd, deidtdafbythe bR CofbxtRRALA 7Y

fromthe standpoi nt of what an application requir or exanp
account nUABALnism 240, and the application requirement, determined by the application controller

210.
[0031] The application controller 210 may dictate the choice of type of vocabulary
from the standpoint of what an application requires.’ For examplé, if an account number
15  ina particular application consists of only digits (determined by the application controller
210), a digit vocabulary is needed to recognize a spoken account number. If an account
: ) number in a different application consists of digits and letters, both a digit vocabulary and
a letter vocabulary are required to recognize a spoken account number.
[0032] A call context associated with a call (may also associate with different time
20  instances during the call) may dictate the choice of a vocabulary from the standpoint of
linguistic requirement. For example, if a digit vocabulary is requﬁed by an application,
there are choices in terms of which digit vocabulary of a particular language is required.
This may be determined according to the call context. For example, if the caller is a

French speaking person, a French digit vocabulary is needed.

10



_applicatio raller 210), a digit vocabulary is needed to rec
spoken accg‘gg)ﬁjg}r?gsﬁbtr. | f an account nunber in a differentPGPEFI3@A2%20n

consists of digits and letters, both a digit vocabulary and a letter
- vocabul ary are required to recogni ze a spoken account nunber. [0032] A call
context associ afpfsh)WHdtafl coRtekt detidYioR it AISP ShGcReiVed thicknidtRh@ithert | T8 20

instances during the call) may dictate the choice of a vocabulary fromthe

)
st andpoi ntg.0 ' 811 Wy nt . [ I f |.git cabul ary
is requir e%ﬂ%@rdédﬂﬂ%ﬁﬁ% %%?‘{; %gﬁonsggisﬁ%n gi?(gorc ?%%é%}ogl?g&ﬁggmgépm ii%ch digit
vocabul ary of .a @é_f]i cular lapguage is required. _This nmay. be determ ned
accor di ng 3S8PRH thecaperqriromr ie nepwork) e Fox ¢xample, dhg Yaiee respopse pysiein
speaki ng person, a French digit vocabulary is needed. 10 2 9 SEP 2006 WO
03/ 088211 BOmaybewadzall r¢lawed diformhationahith asoncadiet iddntification mumbeh@alleriD) 40
receives information either forwarded fromthe voice response system 130
or ret i evednfarcarsode eapdéseitiig 4 €4 frém valesOthe ki ¢k initiabed! hA catled B may bér om
t he network. For exanple, the voice response system 130 may forward call

related i nfsed ifeifiVe 8\¢Hespondin @hétﬁgﬂ#ﬁﬁfgitﬁ:&t gj;ggl Um%er.(iﬁﬁ{ﬁgfgnl D) S or

~an area code representing an area ret IS initlia A

caller 1D b used to retrie a.corr ondi.ng .cust.one rofile. that
may provi AUl i DR ERRRe PRt of g Elers Diioepustysermayptsibe Bxkeontst; e

. caller. Usjng.such information, the call context detection nechani sm 240

~ const r uct detertonmaehapismhdteonstrecisthe underlinng ealleoptext, which mayiberglevant o
selyection of appropriate vocabul aries or acoustic nodels. ~ . 10 [0034]
‘Hid. 3 il Ithesselestion ofapprppriate voaabuelaries ortagpusticafiodelst or mati on within a cal |
context that may affect the selection of a vocabul ary and associ at ed
acoust0c nodel $0034pFi@Bdingratey exBPEIRISvanpésdf iifobastidn withi@ntdatin. The

i nformati on forwarded fromthe volce response system 130 may correspond to

geogr aphi eghtekitha iR} 4ffit frbQeleb#Gd 448 Viiabulary and associated acoustic models,

apcording to embodiments of the present invention. The information forwarded from the
voice response system 130 may correspond to geographical information 310, including,
for example, an area code 320, an exchange number 330, or a caller ID 340. Such

| 15  information may be associated with a physical location where the call is initiated, which

may be identified from the area code 320, the exchange number 330, or, probably most

| N precisely, from the caller ID 340.  Geographical information may be initially gathered at

J ' a local carrier when the call is initiated and then routed (with the call) via the network 120
to the voice response system 130.

20 [0035] The customer information retrieved from a customer profile may include,
for example, .one or more corresponding caller IDs 340, an account number 360, ..., and
language preference 370. Using a received caller ID (from the voice response
mechanism 130), information contained in the associated customer profile may be
retrieved. For example, given a caller ID, the language preference 370 may be retrieved

25  from an associated customer profile. The language preference 370 may be indicated via
11 :

15 i.n a particul ar application consists of only digits (deterni ng?nilng_:g gggs



for -exanpl e, an area code 320, an exchange nunber 330, or a caII ﬁ&%ﬂﬁ
. Such 15 infgy g&)ﬂ may be associated with a physical |ocation egr

call is ini t| ed,” which may be identified fromthe area c8EEUSIYN2Uhe
exchange nunber 330, or, probably nost precisely, fromthe caller ID 340.
* CGeographical information may be initially gathered at a | ocal carrier when

the call. i giffefdnt hiths] BAAnsthER, fot%}%[&‘f@r&d”'whﬂﬁhﬁ%hé %ﬁm{]ﬁts rﬁ< or-20

to the voi ce response system 153 0035] The custo rmati o

retrieved § r ude far exanple one or nore
correspondl ng cal Hﬁ@%gdgﬁﬁé) n°%3§9§cy5’6ﬂ?ﬁ1ﬁ§%@rth§8w°me¥, -and Ianguage
pref erence 370. recelved caller ID (fromthe voice response
mechani sm 130), [qwﬁ%gﬁ}%ﬁ?lﬁﬁa%ﬁ% NE® 2 S3me ??élleaRoe‘r gustemer Brodilemayresprd e
may be retrieved. For exanple, given a caller ID the |anguage preference
370 may becacbof F@héddlvmmnt@hcaibmahmlanwge eeferenoés (et shioh ih Figjuage
preference 370 may be indicated via 11 2 9 SEP 2006 WD 03/088211

PCT/ USG3/ 0321 Altedlahfvellyﬁmusmimqﬂoﬁ@ mdyHithigaRh ferhaldR¥114S 380 HRhRHalhen the
underlylng account is set up or it nmay be established during the course of

deal ing w éaﬂleﬁs@@O‘(&'ﬁt M‘?ﬁous%’&éﬁ#d%gﬁ E&‘?#bo&ﬁ:’# ﬁ%gu%ugﬁ?en%gsscﬁ{ﬁo?ﬂ er

ID A custorrer profile may recor eac

cal lers ang thsi erenc not, s ) :
Al ternativel tﬂﬁ fg%l%l@?%ﬁgﬂfepﬁngﬁﬁrgu Y Bf%s?rftrfﬂgﬁ?érva ah@ﬁ‘hfllf%e’&'aqwgghs 380 from
. mal e callers 390 % a househol d) and their correspondi ng | anguage

pr ef er enc&aggtensticss éﬁatﬂbﬁélpctt%avstw els mpbaased te preagaizs theinapeesh. pr esent
sub,st antially different speech characteristics so that distinct acoustic
ripdel s may be U8837]tGeogmpbigal infortrtation relatedtcha c4ID@A e uSed ¢F alpthinaadre
information related to a call can be used to obtain nore 10 information

- rel evaft tinfotthaticreleRohtntad thef seleetabof WcBlariéthnd @ebiEstic mdmae! For Eﬁmﬁéa”pl €
a caller IDforwarded fromthe voi ce response system 130 can be used to

retrieve g cafi@f Eﬁﬁ)ﬁ’@%b&‘ﬂoﬁﬂﬁé QBRE ré¥pSiide! s?st&xjaei%o%ﬂ)ﬁé qgesd fHYEdIGE 5 " €l evant

I nformati on such

corresponding customer profile that provides further relevant information such as
language preference. Using the retrieved language preference 370 (combined with a
required type of vocabulary according to application needs), an appropriate vocabulary

15 (e.g., English digit vocabulary) and acoustic models (e.g., acoustic models for English
digits in French accent) may be determined.

Y [0038] When a caller ID is not available, direct access to a customer profile may
not be possible. Consequently, a preferred language may not be known. In this case, the
area code 320 or the exchange number 330 may be used to infer a language preference. _

20 For instance, if the area code 320 corresponds to a geographical area in Texas, it may be
inferred that acoustic models corresponding to a Texan accent may be appropriate. As
another example, if the exchange number 330 corresponds to a region (e.g., Chinatown in

- New York City), in which majority people speak English with a particular accent (i.e.,

Chinese living in Chinatown of New York City speak English with Chinese accent), a

12



| anrguage preference. Using the retrieved | anguage preference 37ng QEPixNgs
eds), an

_wth a reqyj e of vocabul ary according to application ne
appropri at ew\%@g’géﬁxgry 15 (e.g., English digit vocabul ary) BEHUSSH3LZ ¢

nodel s (e.g., acoustic nodels for English digits in French accent) nmay be
* determ ned. [0038] When a caller IDis not available, direct access to a

customer ppatichigr £é|%f ztldr?ﬁ&icbﬁo@éﬁédr@sﬁondi}%ﬂé fﬂgé’ﬁ?érfe)& ac@ezﬁ réx?af 5 d &flsidereguage

may not be known. In is case, the " are ode 320 or t change nunber

330 may be i nfer a | anguage preference. 20 For instance, if the
area code g%%)%g%ﬁr%é%ponds to a geographical area in Texas, it may be
inferred that af%u tic podels corresponding to a Texan accent nmay be
appropriate. Asl003 discusssdparticr, selectinn of acomatigymodelsdapendson agh onl¥ fiends t o
‘@ region (e.g., Chinatown in New York City), in which majority people
speak Engl speeclnbhamacteristics oftataller tart alsnithg ¢hogce, of vebabmdartes) i Rigrillustrabes amt own
of New York City speak English with Chinese accent), a 12 WO 03/088211 2 9

SEP 20Q0 B(B]iiﬂlﬁ%élg&ﬂﬁﬂigﬂ%hbédﬁ%%bﬂﬁes ahd acREeé odaBiResrda tbeapondi ng to
the inferred accent nmay be considered as appropriate. [0039] As di-scussed

earlier, sghgsdil e’ b 6|51'1ﬁeeva t: t : ch
char acteri???ﬁmg@dgt%e;ﬁﬁgbﬁﬁhnﬁ?ﬁgﬂléo t he g ol %Ig&o?@\}g@g %élaaél:&rglslt&p@?g. 4
illustrate 5 exenplary.relatignshi tween vocabul aries.and acoustic
mders, - acista e TSR B LA ee oy B2 e e RAR LR D) "D
- vocabul aries 230 includes a plurality of vocabul aries (vocabulary 1 410,
vocabul ar yvesabylary may havggealizatiepsyn di langyages. \Benexampls; digitvacauary
_r(e;al izations in different |anguages. For exanple, digit vocabulary 420 may
indl ude SpAA%imay iclyde Spadstbdigitvgcababyry B4Q [Englistddigittvosatedaryl4&0y. . A&d, . . ., and
10 Japanese digit vocabulary 460. In addition, with respect to each
vocabul0ar ylapinese Gig_i&?:c@caﬁlﬂﬂg ugge, Inahdﬂitiéhba\k/ith Yespbctaé eathi voeablla§lis a given

iffer e

corresponding to ent accents nay avai l abl e. For instance, for the
Engl i sh diighduay€CaititafifyorirBustid aitRls comiBdglig to different accents may be
available. For instance, for the English digit vocabulary 450, acoustic models -
corresponding to Spanish accent (470), English accent 480, and French accent 490 may be
selected consistent with the speech characteristics of a caller.
15 [0040] To select appropriate acoustic models, the acoustic model adaptation
“mechanism 170 may make the selection based on either the given information, such as the
; ) selection of a vocabulary (made by the vocabulary adaptatioﬁ mechanism 150) and the
information contained in a call context, or information gathered on-the-fly, such as the
speech characteristics detected from a caller’s speech. Referring to Fig. 2, the acoustic
20 model adaptaﬁon mechanism 170 comprises an acoustic model selection mechanism 260,
an adaptation mechanism 280, and a collection of available acoustic models 270. The
acoustic selection mechanism 260 receives a call context from the cail context detection

mechanism 240. Information contained in the call context may be used to determine a

selection of appropriate acoustic models (see Fig. 3).

13



correspondi ng to Spani sh accent (470), English accent 480, and,Fr gtcph ,
_accent 490 mié{? be selected consistent with the speech char act%r& 'cg[]%' a
. caller. 15 BHP821h sel ect appropriate acoustic nodels, thecawseseee nodel
‘adaptation .nmechanism 170 may nake the sel ection based on either the given
“information, such as the 1 selection of .a vocabulary (nmade by the
vocabul ary adap '0@,]%a ' 150) and. the ~ (.~ infaormation contained .
in a call cont et@?ilor [ n-%kf}gn%e?‘?ggncggé? lgltéa)r{teéfegH9ttrl’1réylfdfe§lfe(£ead‘{’rr%§§a?%8 speech -
characteristics detected froma caller's speech. Referring to Fig. 2, the
‘acoustic @6*%6@3?“13&&5? adaptationgpschansm 280 maysiehct dusing thegably sreeeh nodel
sel ection nechanj sm 260,. an_adapt ati on nechani sm 280, and a collection of
avai | abl e ehametarisicsriveraithe cufler’s Spreech fecgyuwhitherdhe eadler tve feavleaoi smal260
receives a call context fromthe call context detection nechani sm.240.
I nf or mat i ospealceny thatagy berdldvanitalthe sesstiont TiayddectetsskedtOcheiotdristibemay
- selection of appropriate acoustic nodels (see Fig. 3). 13 2 9 SEP 2006 WO
103/.088311 Jfolihd4a 34&%%118%' ibﬁ%étloq\iﬁl%e £4§§ci£t€& @héf@rﬂﬁxgﬁ%aglectﬁﬁeﬁéﬁse‘%ﬁ’lﬁﬁ thot

provi de needed informati on to neke a selection, t aptation nmechani sm

- 280 may de .. during the.call . speech har.acteristics fromthe caller's

speech (e.%&?{l%e? oY ﬁe"dgﬂ *‘eéqaler gmge F&?&F%do 63%18 m%dﬁ{e%elrfeé’%l?nt'hat may

~be relevant to the selection. The detected speech characteristics my 5 .
al so be udBerhaRismPSRmayusethat infarmaegipn;ta seqwhetherdhergtied languagsrmsefepanee i | e

. that are useful to the selection. For exanple, if a female voice is

det ect ed, asspsiaterbwith o demald epeakerd indhé customer phafile §ances0d nsing,for et dnaile, a
information to see whether there is a | anguage preference associated with

-4_flemal e spBaKEr inithe ¢Alchtet)0 B this @fst, tBe {etion sedynasiitdly deddmteayBhe, a
caller IDin the call context). In this case, the selection is dynam cally

deter monedne 80, ol b e B8R Mrfcd IOLPBAREN characteristics of the

caller. [0042] A diffeerent "exenplary alternative to achi eve adaptation .
on-t he-fly Wher[OMZ] A different exemplary alternative to achieve adaptation on-the-fly when

there is no information available to assist the selection of acoustic models is to initially-
select a set of acoustic models according to some criteria and then refine the selection
| based on the on-line performance of speech recognition. For example, given an Enélish
- 15 digit vocabulary, the acoustic model selection mechanism 260 may initially choose

acoustic models corresponding to English accent, Spanish accent, and French accent. All

e’

such initially selected acoustic models are then fed to the automatic speech recognizer 160

for speech recognition (e.g., parallel speech recognition against different accents). The

performance measures (e.g., scores of the recognition) are produced during the recognition
20  and sent to the adaptation mechanism 280 to evaluate the appropriateness of the initially

selected acoustic models. The acoustic models resulting in poorer recognition

performance may not be considered for further recognition in the context of this call.

Such on-line adaptation may continue until the most appropriate acoustic models are

identified.
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there is mo information available to assist the selection of aZ@u§FfiPc2006
_nmodels is t Oi(ﬁ} EAZ?JIy sel ect a set of acoustic nodels according to sone

“criteria and X ReRefine the selection based on the on-li NeCHESE@2nce of
speech recognition. For exanple, given an English 15 digit vocabul ary, the

* acoustic nodel selection nmechanism 260 may initially choose acoustic

nodel s correspo [Ubh?pTﬁé)ﬁEJl g{?i—lﬁﬁ aﬂg[tﬁ&ﬂ{n reé@ﬁ%ﬁﬁcé@%ﬁ?ﬁé%gg %g%{sﬁagmteﬁ(w ent.

Al such initially select acoustic no S are t automati c.-

speech recpgni zer .. fqr_speech recognition (e.q.,. parallel speech
recogniti o%g%véﬁoﬁggng‘gﬁpfefxg}%ﬁ‘?g‘%%@é?ﬁ@f‘%aﬁ%émaﬁﬁé’ﬁ‘%%r}@éiatﬁéﬁgﬁ‘?‘%glw. g.,
scores of the recogpition) are produced during the_recognjtion 20 and sent
to the adaPiSiARLProfendior sxime angnderdying cesterner prphledhati asisinpdlydagnot he
initially selected acoustic nodels. The acoustic nodels resulting in

~ poorer r ecgivatiomof anydariguagepreferenay andacdent maybé usdatel With tHeuort Hey

recognition in the context of this call: Such on-line adaptation may _
conti nue Usdaptatibh eesis togREvE Mdthi a8dcRi édhCchaREREiStI@ © Fdrdfihdcki £d- 14 2 9
SEP 2006 WD 03/088211 PCT/ US03/09212 [0043] The final on-line adaptation

| t | td ] ' t | mal h
acogn t1 ol Rpsiler AR tpraERARE O OB A PoorR SRy G TR NS
file. R |.e, . l.yl ng t file,that I gi ly h
ndi cat 1 o BRLAGEI S Db Ra B PP e e REGH b MY REE Y, (o

- on-line 5 @dapt ation. results, together with associated speech

char act er  {8{4re as a gefaulf selectiqp avithrespret gl apastiadar &ind efspeder.char act er i sti cs)
pf,a househol d (corresponding to a caller I1D) has a French accent. Such
ipdat ed i nf or nd0044] Fig % ise@nexemplanyrflpvdfaitl of apegcebs inshithiacalleds spestifse as a
default selection with respect to a-particular kind of speaker. [0044] Fig.

- 5 is d0 exesagnivell ubihgWeEdularPinPaddbQicahSdeld thatht ﬁ%‘a}ﬁivﬁﬂj deRlted bARGEGTa | S 10

recogni zed usi ng vocabul ary and acoustic nodels that are adaptively

sel ect ed_RaAREnM A, focofiihd o AU m T SR fekchPindlhelPON LR £ rbllfvea

present I nvention S TIrst recelrv

C

at act 510. Information relevant to the call is then forwarded, at act 520, from the voice
response system 130 to the speech recognition mechanism 140. A call context is detected
at act 530 and is used to select, at act 540, an appropriate vocabulary. Based on fhé
| 15  selected vocabulary and the detected call context, proper acoustic models are identified at
~act 550. Using such selected vocabulary and the acoustic models, the automatic speech
) recognizer 160 performs speech recognition, at act 560, on the caller’s speech.
[0045] Fig. 6 is an exemplary flowchart of a process, in which the vocabulary
adaptation mechanism 160 dynamically selects an appropriate vocabulary according to a
20  call context, according to an embodiment of the present invention. Information relevant
to acall is reéeived atact 610. Based on the call information, a customer profile may be
retrieved at act 620. From the call information and the customer profile, a call context is
detected, at act 630, and an appropriate vocabulary is selected accordingly at act 640.
The selected vocabulary, together with the call context, is then sent, at act 640, to the

25 acoustic model adaptation mechanism 170.
15



at act 510: Information relevant to the call is then forwardedzTSaE ﬁcé 520,
~fromthe voice response system 130 to the speech recognition cR5Ri 2086
140. A cal | WOMBEj s detected at act 530 and is used to Peraisnzo®i? act
540, an appropriate vocabul ary. Based on the 15 sel ected vocabul ary and the
- detected call context, proper acoustic nodels are identified at act 550. '

Usi ng such sel eqoeei YOF | d . qnat | ¢
“speech recogni ger 1%?8&?%@%%@%&%@@@%8%?&%%an m&%:’?ﬁ%%%?l&bcnm{"fi%
caller's:s . 10045]. Fi i s.an exenplary flowhart of a process, in
Shich the SoERipRyhaliam 0 Popisalk e rep i e mpleeridaseRt
appropriate vocabul arg{saccordi ng. to a 20 call context, according to an
“enbodi ment ®f VP¢Rbularekased on awalh context, aceprsingtoiaprembodimentiof the meseat | i s
received at act 610. Based on the call information, a custoner profile

maybe et inventioh.atA aalt cdi?éxt ahd aseletted eadabulanyf ie firstireivednd attE 0C UStiagET
profile, a call context is detected, at act 630, and an appropriate

vocabul 511y tiescal Soeke fel VB PE K inMBimaidn 16 4hlyZEaet 5641700t eGvNAGRRY gy
together with the call context, is then sent, at act 640, to the 5

acoustic f:0n ' .15 EP 2006 WO 03/088211

" PCT/ US03/ o%flih a?%ﬁ%ishﬁé‘af‘ﬁ% foﬂgﬂr 3 &e%%'rlr“p‘?‘%r %a’?‘n 7?@5 héfcguw ’80%11%&‘8@? in
whi ch the acousti.c del dapt ati on chani sm 170. dynam cal |y sel ects
appr opr i at SPRIQIIALE W&LT‘B%%?@O etg‘lv?’ib‘é‘t?gg'{larytaﬁdéh‘?/‘@élaﬁ?m%‘? (inglydiag thespgeety) |
. context, according to an enbodi nent of the present invention. A call
 cont ext an¢hasacieisies deleciestemthesfly) argsel¢otesat petcOved at act 710. Using 5
thg call context, relevant customer information is analyzed at act 720.

~\hgn necessary, [004PeBigh8 thar exetnplarg flowshaf of herocess) iarwldceveebelatenad at act
730. Acoustic nodels that are appropriate with respect to the given

- vocabulear yacoustid ieddsthded FoNpR¥h &bg@ﬁtﬂi 4 a&ﬁﬁrglg%?ﬁéﬁd%@m%% J);(rg rsm lary .

detected on-the-fly) are selected act 740. _
fhoveher keSO oDl LSRG SB et B AEPaGR TR >
' Adaptively selected vocabulary and acoustic models are first retrieved, at act 810, and then
used to recognize, at act 820, the speech from a caller. Performance measures are
generated during the course of recognition and are used to assess, at act 830, the -
15  recognition performance. If the assessment indicates that a high confidence is achieved
~ during the reco gnition, determined at act 840, current vocabulary and acoustic models are
' Vo continuously used for on-going speech. Otherwisé, vocabulary and acoustic models that
| may lead to improved recognition performance are re-selected at act 850. Information
related to the re-selection (e.g., the newly selected vocabulary and acoustic models) is
20  used to update the underlying customer profile. This model adaptation process may
continue until the end of the call.
[0048] While the invention has been described with reference to the certain
illustrated embodiments, the words that have been used herein are words of description,
rather than words of limitation. Changes may be made, within the purview of the

25  appended claims, without departing from the scope and spirit of the invention in its
16



“speech recognition performances, according to an enbodi nent 02 %F@PO Zpﬁent
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froma caller. Performance nmeasures are generated during the course of

- recognition and are used to assess, at act 830, the 15 recognition
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r e- sel ect i Beclpgedgbut rather Gapheymbepied i a widk-easishaehfonns samewf whichmagbe) i s
20 used to update the underlying custoner profile. This nodel adaptation
process nequiteghfferentfeorathase of te disvibsed embedimehts.anfl @R%A{ls Wrll uivatent nvent i on
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words of limitation. Changes nmay be nmade, within the purview of the 2
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Al t hough the invention has been described herein with reference to
particular structures, acts, and materials, the invention is not to be

. limted. to the particulars disclosed, but rather can be enbodied in a

w de variety of fornms, sonme of which may be quite different fromthose of
t-he di scl osed embodi nents and extends to al | equi val ent 5 structures, acts,
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1. A nethod, conprising: receiving a call froma caller associated wth a
~custoner; fowarding relevant call information associated with the call;
detecting a call context associated wi&h the call based on the call

i nformation; selecting at | east one vocabul ary, conprising a plurality of
- words froma particular |anguage according to the c2l $eptemrttee 2206

I dentyhatid§aitded i€ast one acoustic nodel representing a specific accent
with respect to the particular vocabul ary based on the call context; and
recogni zi ng speech content of the call using the at |east one vocabul ary

and yhe aletdRaebmPReing:aeekisina ERARbM 2 callt@sBELANEE WiHCH cdbtBahet;Ofodariing 1.
wher ¢di8ydit@alf fidrnfa@bh 8%dodidled WAR $heékall aaRktiPaBalPEonteXd B88ECHIEH Gath the call

i nf opBdd BR t1RS SAF InfdrB@tidh: tda1ddifg aRldastHes todaBaibHA 8mpAding b &uraMY &f words

r epr g3aNA ipagticalar ¥HRFEGO REERHING 16 ad EANTIMIBLEIdEMAyikd at 1dast as&SLstidodel
eXChag|G8s MR @ sgeifE Be68H: Wil raspedEROhapBikahr (G&SbaRM bRBYWHRHE chilBomaktt 1S
Pl acgfd r&odRiZiRl Spech G6MEAT 0GRS LANUIMYTIRG at TR SREWdabEIad; ark BBt IdHsOHEE

whi chcbigichddel! S pl aced by the caller; custoner information associated
with the custonmer which includes: an account nunber representing an
account using which the custonmer places the call, the caller

i denbi fHeAkldMbd 4eBGHIngSROClafth ef Whérkint R B&IF QURext fERIIBE®At least some of:

char gebglabRichCittorRaticH a8dbcldied With tNOIcER whitFhQudSE @nt &te8\cBHE abSre¥OMtng a

char geb&aphichiC area3-frofewhEeh @tk 2aprdi pacé® &habiBhdnge"Rinfied FdpPesenBRPNET

char geb&fabhichicregRa3f Ahe@ the thIl ishitace8Ust £ BRfer idaptiftdBorrhurhBaSepaRBRtingdg nder

of abhbR@MroOEE whith! BE @f IO PIREE ByWhé Ralidte cGShOMBformaidP assdcialdy Rith the

[{ang%a%ﬁmefr WhichGREIUAE S 3hi R0t HuRibeP fhpidsehlify b ab&umt ugﬁt%' whith!tB& cugtbmepeech
cdenjactkt the @RPERS ddlet NBemtiightRIN fdmbancsa68stedf withemal abeamt, ensofwt! er .

4. TheafRidiafcs26F M Qﬁ-'ﬂga-ﬂyoxlg&é@ééﬁwﬁe u¥EeheivaIua Rl wikdehardctdigtias. cal | cont ext
of :

conprises at | east sone extracting the geographical information of the

call fromthe relevant call infornmati on associated w th the call;

i denty, fieN@letdl £d6PdiRgRS cldivhOZ, Rdrein the QtisRonfe charRlerBficl bésdcRid RRAQALI Ng
t o t RAstoffef MbNidenatnomst sﬂﬁﬁgger\!ﬂb'r ohat BEstCOHet QNBI ad2baeRY Wilhethe *ubtonf; zero
I dentokr inydr8 GariguB g6/ @BRIMUNIAB6@ Bichdrteit hyCthe ARt Ofe EdRr;SPRBEECHDECIREWIth
cust easect fo.thd breferpddiafg@ayeerof thetat teastomd callés. further conprising: accessing
the performance of said recognizing, re-selecting at |east sonme of the
vocabul ary and the acoustic nodels that correspond to better performance
of sal. The awdigpd aécogHing wadlalind whereasaid alsteetisy adgall context comprises at least some
of: extracting the geographical information of the call from the relevant call information associated
with the call; identifying the customer information from a customer profile corresponding to the
account number using which the customer places the call; or identifying the customer
characteristics based on the speech of the customer.

--~-) 5. The method according to claim 1, further comprising: accessing the performance of said
' recognizing; re-selecting at least some of the vocabulary and the acoustic models that correspond
to better performance of said recognizing according to said assessing.

6. A method for adaptively adjusting vocabulary and acoustic model selection, comprising:
performing speech recognition using at least one vocabulary and associated at least one acoustic
model, selected according to a call context related to a call from a caller, on the speech from the
caller; assessing the performance of the speech recognition with respect to each of the at least
one vocabulary and each of its associated acoustic models; and re-selecting an updated
vocabulary or an updated acoustic model based on assessed speech recognition performance so
that said performing speech recognition is to be carried out using the updated vocabulary and the
updated acoustic model.



6. A nethod for adaptively adjusting vocabul ary and acousti c nodel
~selection, conprising: performng speech recognition using at |east one
vocabul ary and associ ated at |east on® acoustic nodel, selected according
to a call context related to a call froma caller, on the speech fromthe
- caller; assessing the performance of the speech recoghbédtanen0dé r espect to
each of the at |east one vocabulary and each of its associ ated acoustic
modelzs T fheliRuS §)skh IdedordingUiBdahifte, HRHBPEbAPYsIRY: Huating at akteRen Bidrife,
model,sBas8ed Wihass BARE bagPe ek the' Al dcb@dticRiddepr mance so that said
perform ng speech recognition is to be carried out using the updated
vocabul ary and the updated acoustic nodel. 19 2q Septenber 2006 7. The

met h@d Asyadifne-a6&R58licNBedidm@EnebdBdwitt 44th NRE dSQMRRES h&PssstPEaLLIRG! racdiviag OMer
pr of il &l fr® 8 QG RIoMEA with @ RIS, foREIRE reRvAt Rall REGHRHcRaSsEIHtEd wRke! -
8. AyhBEh: detRbE 8 ThPLSh SR HssERiREE RAR thevhdilbaled on tH@IIGFbmatibheseiedmg i ed.
Cau5||§§g( oh€ B UMy, @nfitsingd AlRafty R oRds i A arfc@fhr Wrigiage, AEHRHTRS fo the

f owarg)) RgnteRt; RAErilying2dtlledsbRE FBEUSHE nRRIBAehABRtn! 4 Spediflétaceaht witiRsp&dtitdd a
cal | yOnbRkhIaRISM MHrEBa¥hd Bn e caPbIntBASEN RItobhSing &bbedMEMBMIdrARe call
sel eqisindQnaht IchSesHe VOREHMAS AR RS é(t,le&%igéa lb?dd%ﬁc foBLral ity of words froma

particul’ar | anguage, according to the context; identifying at |east
one acoustic nodel representing a specific accent with respect to the

par tiC Ul nYQHFRUAROMIMAIE TR Bhanerid trd bR dontedNthdi RIS 7280 sepResh
cont eRlogRiphicBPinf@hatioh S5 8ELiAEE with thE€@all wWhth HOEARH A dre@NdbNepRisehtfiRSh one
acouydogrdPital -arfa filR WREUMACEAT Ri BRick® GhabkerBngdhGimbdt tdifesttihg a
- cont eeogtdphldafRYidAlirdn? PkreSERaP(s: pla&%%fé‘EJéIIe‘F?dentiﬁt?a%HﬁﬁﬂnBQr %mhﬁfgeg

Dh SridfRe GRlughHidh tHRCEHIEDIacRh KT R aMSIe clifBrhEs RirAlord asSRRIER Nth Rk
ar ea d smeMiich inBRdes!dn dctotht er AdhrEERAA G aBLBURE Lisih§ WHRSHERE i bStofher

geogriqbisCile t8Y MR taIRM MbRifiBatdhe nGRbér ia8sd¥iateE WithOhed aedUn@r or customer
i dentdnbidctdris@fs Nnunber representing a phone through which the call is

pl aced by the caller; custoner information associated with the custoner
whi ch includes: an account nunber representing an account using which the
CUst OftEIThePha&iam AERdiRgtd clairi®, Galetdh thed BitbrhbCadrSilerbibd @Escito€ wathele W t h
t he am@@InYr;incNide BiSibasTBomet Gands to bt Bhstoshe caller associated with the customer; zero
or more languages for communication preferred by the at least one caller; or speech accent with
respect to the preferred languages of the at least one caller.

11. The medium according to claim 10, wherein said detecting a call context comprises at least
some of. extracting the geographical information of the call from the relevant call information
associated with the call; identifying the customer information from a customer profile
corresponding to the account number using which the customer places the call; or identifying the
customer characteristics based on the speech of the customer.

12. The medium according to claim 8, the data, when accessed, further causing: accessing the
performance of said recognizing; re-selecting at least some of the vocabulary and the acoustic
models that correspond to better performance of said recognizing according to said assessing.

13. A machine-accessible medium encoded with data for adaptively adjusting vocabulary and
acoustic model selection, the data, when accessed, causing: performing speech recognition using
at least one vocabulary and associated at least one acoustic model, selected according to a call
context related to a call from a caller, on the speech from the caller; assessing the performance of
the speech recognition with respect to each of the at least one vocabulary and each of its
associated acoustic models; and re-selecting an updated vocabulary or an updated acoustic



10. The medium acording to claim9, wherein the custoner characteristics
associated with the custoner include at |east sone: gender of at |east one
caller associated with the custoner; %ero or nore | anguages for

comuni cation preferred by the at | east one caller; or speech accent with
respect to the preferred | anguages of the at |east orfeseptdmber20061. The

medi um according to claim 10, wherein said detecting a call context
conprises at |least some of: extracting the geographical information of the
cal | mfgaem ofl gée%eéeoc@té e {ibr??erf@rm%agoe%a‘(“stam bfﬁorﬁﬁhab:s eech
| denfdeihf K6 KSRl LBh PG dbd VoRibdar Whk WEPEp A& AdcbcicibieisPondi ng
to the account nunber using Ich the customer places the call; or
identifying the custonmer characteristics based on the speech of the

CUST ORBne Tdedibe s{Bth UIRABRGRY 4 Q&Pai;inol £! feMusta, WEN ARIcBsslN FiNIRT CERERY:
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re-selectrng at t sonme o ary and the acoustic nﬁgéls t hat
correspond to better perfornmance of said recognizing according to said
assessing. 13. A machi ne-accessi bl e nmedi um encoded with data for
adaptively adjusting vocabulary and acoustic nodel selection, the data,
when accessed, causing: perform ng speech recognition using at |east one
vocabul ary and associ ated at | east one acoustic nodel, selected according
to a call context related to a call froma caller, on the speech fromthe
cal l er; assessing the performance of the speech recognition with respect
to each of the at |east one vocabulary and each of its associated acoustic
%:dels; and re-sel ecting an updated vocabul ary or an updated acoustic 20 2q
t

thenber 2006 nodel based on assessed speech recognition performance so
1at said perform ng speech recognition is to be carried out using the
updat ed vocabul ary and the updated acoustic nodel. 14. The nedi um system
according to claim 13, the data, when accessed, further causing: updating
a customer profile, associated with the caller, based on the updated
acousti c nodel



