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RECOGNI TION 5 Reservation of Copyright [0001] This patent 212
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what soever “CHUSHECHOBTIS ﬁﬂ%ﬁ%{%ﬁ CONTEXRAORSPEECH,. |,
aut omat ed- speech processing. Oh T he present invention relate
to adaptive automati c speech recognition. 15 [0003] In a society that is
beconi ify i ncreasingly service oriented, choices of products are often

det er m nedReseratidi of Copyrighbnpanyi ng customer services offered with the
products. Conpani es invest nuch capital in providing such services in order

to attract cugh@UIf'This ;Fa@émaaampén%coﬁaiﬁyﬁﬁaﬁﬁgoitﬁfgﬁj%&&mh RO, €T -

froma |l . manufacturer may be provided wt free tel"fephone nunber

so that t 20.call. for .any .t echni.cal rt service
auest  ons. i SOpUAF by fthag po SBickon o BF sPOILFENBUERon eRRIPe BT Ty
establish a call center equipped with call routing capabjliti (e.9.,
route a céﬂa?en?éPc&We’&t\Péim%&t@'ﬁaﬁéhﬂ)ﬂemﬁé’é@@ﬁag%t@%&‘ég%@%F@ﬁ%sﬁﬁéﬁ?%g '

rel evant information such as custoner profiles, and personal who are
capabll@ ofor regprds buiptherivissireservestallmopynght gigbts twhatsoeveTher e may be ot her

possi bl e system configurations besides call 25 centers that are deployed to
fagilitate custoner services. [0004] Miintaining a call center is costly.
To effectively conpete in the market place, the cost associated with

custoner services has to be kept BAWKERO®ND Strategies

[0002] Aspects of the present invention relate to automated-speech pfocessing.
Other aspects of the present invention relate to adaptive automatic 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 éomputer from a

) S | manufacturer may be provided with a toll free telephone number so that the customer #an

20  call for any technical support or service questions. To facilitate offered customer -

services, 2 manufacturer may establish a call center equipped with call routing capabilities
_' (g. g., route a call to an available agent), backend database systems maﬁaging 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 coinpefe in th¢ market

place, the cost associated with customer services has to be kept low. Various strategies
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devel oped. strategy is to introduce automatic call_rout#
capability @%gﬁg@?% here is no need to hire operators vvhoseP"f'HHSq3 er el y

direct calls to appropriate agents. Such automatic call routing facilities
automatically interpret the needs related to a.calling custoner (e.g., a
cust omer ns@féhﬁﬂﬁ cest bayq haeg dgvelenddo Oneanch stiwepyhs suintdbdecabdyaticaatle t he
custoner's call to an agent who is specialized in the particular domain
(e.g., an ageitg sdpability sothpahat ¥ ® deed ihRiRsbhRoR Whdse Jo Bnddreld deeghilons) -
[ 0005] There are mainly two categories of techniques to realize automatic’

call routing apﬁ?aﬁlliailté akétd)" S aforitd éaPQ%lﬁlé%[ 8%ticd @Jggzﬂét%{alel&%%&%eﬁ lﬁg ces.

For exanple, a ca center may- pronp st oner ‘aci ng

an order; Ler L 4] i 10 estions; enter 3 for.pronoLiqns.". Wth
Thi o i enbrdirptiisa® o Yl SHudRerkd B 4 BtpsE ey e £ BB QeI god gien

- desi redsservgtoce .usi'b'n aégevi ce with keys such as a tel ephone. Since this.
type of ®solfBPrgHC q‘%ﬂe e gustomersrgllde au agamit whods spseialized inthgpaxtiedyr sone |
custoners, _ especially when the nunber of choices is |arge enough so that a

cust oner mA9mAEN(E.2- an@geNtavitads repemsitde farhendiarebiflimg related guestiong)e choi ce
after hearing the pronpt. 15 [0006] Another category of techniques is to

automate cal | r (0OShThetcaryDa®y twotatdgbiis GRasEhniducs & feaRR h@SmaRYcalll ONPt a
calling custonmer to say what category of service is being requested. Since

a customer roukie! M i ]m¥ﬁ [ ] c kO 1.62C
choi ce, itmius %f g%lﬁoﬁfglogg’gggﬁlpg%?. oeﬁtggfli%gggq%ﬁi%&}[%%e o? SO '?}F’iao?@, a
galjl cente depl oys an aut.o i ¢, speech recognition.systemthat
r"e“c)ogni zeséetnﬁeg%’;%(#{élﬁpﬁg%%o ﬁ'q?r'?m?rt d E’éﬁn&‘d‘?{; P’Iéh’gb omer. The

recoggf'ozed spoken Wordg1 are then used to route the call. Due to the fact
that  a ‘cal JUesRSefuieiT far Pyorpetinases  ¥ath thisjoméamendatiop, 4 cestomeranay efitérithe ent
custoners, it usually deploys an automatic speech recognition systemthat

i s speakercodndepespdading (adesupgp saeide tsing pdakies withilepsanh as wstlephone. Since

| ndependent speaker voice recognition, although nore flexible than speaker
dependent tiisitgse sfsongioh rbdquiies b SalliBE SustotRerdC W8 i€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 heanﬁg the prompt.
15 [0006] Another category of techniques is to automate 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 recognition system that recbgnizes the spoken words
20 from the speech of a calling customer. The recognized spoken words are thenlused to
route the call.  Due to the fact fhat a call center usually handles calls potentially from
' many different customers, it usually deploys an automatic speech recoguitibn system that
| is speaker independent (as opposed to speaker dependent system), Independent speaker |
voice recognition, although more flexible fhan speaker dependent voice recognition, is less

25 accurate.
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recogni ti onywig\gGgssgipcy of using a speaker independent systlgé? é;%ﬂ%ﬁgfﬂ
t han normal vocabulary nmay be used. Wth this technique, if g Genter
pronpts a calling custoner at a particular stage of the call to state one
of the three given service choices, to recognize what the customer wl |
say, a vocabul aM0Gf Tominimidertkercbogutiadsinaeyrdey of akiag b epedker independentt i on.

For exanple, if a customer is given choices of "information", "operator"”,
and "bi | | igygtem, b @maBeQHM F@matvcabillfryahis) R med With GRaesRique, ifweerbul ary
gonsisting of only these three words is selected (as opposed to a generic -

vocabul ar yceﬁﬂggﬁg?d;ﬁlﬁ g%lﬁﬂgéﬁwﬁer%{ a\;\p?x?]igﬁ%rc%%%e Jofﬁﬁz?ﬂiﬁ 1b'sie BHY S RrecUSI N - 2

smal‘ler voca psto narro e recognition and,

mence, inprove recognition 10 accuracy. Wth this technique, at different
et ages of ERECier ISR R o pRRLE T e cadter i sa P o mpHares
requi rements of an underlying application. LOQOSl In many real  systens,
even wit h Wardsmgy be selpeted josrecognition aben exampls, iia cugiontes isgiversehrifss obf a
call, recognition accuracy is often not good enough. This is especially

t rue when “itfermaide?’,| “‘ppagtory aab tibiding”; t6 revognizewthat the cugibmert will choasagliaf f i cul t
task to perform 15 autonated speech recognition that is speaker

i ndependeRbeabBke c¥isidfing of BhIFihese tivesWBIds is MRERIIUhREposel fof £geaBtic CUSt OMer s

- may state_a sanme choice with very different speech Tfeatures. For exanple,
~word "opetatar; els ' Lfferen apr_. | native
peaker - andauiprl b AR ARG 8Py Pt GBSt F O R R s

[(0Q091 The ptese i nvention. is further described.in terns of exenplary
enbodi mentEORRTLPFIRY 10 ARG oPE BETE ECAERLIon A pe FUPRNEEOB TR
drawi ngs. These enbodinments are non-limting exenplary enbodi ments, in
whi chl®j kecouedeyy e iih Husdechmigue, ﬁ%@iff@@emtamsm% ksall,safferent vacabijtrénstare he
several views of the draw ngs, and wherein:

selected based on the requirements of an underlying application.

[0008] In many real systems, even with flexible selection of vocabularies at
 different stages of a call, recognition accuracy is often not good enough. This is especially
true when the underlying vocabulary is not small enough. it isra difficult task to perfonn
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
) features. | For example, word “operator” may be pfonounced quite differently by an

~ American native speaker and a J apanese national.

'2(_) | BRIEF DESCRIPTION OF THE DRAWINGS
[0009] The present invention is further described in .teﬁns of exemplary
rer:aboc‘timel_lts, 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:




R - 2 A SEP 2006 WO 03/088211 PCT/US03/ 09212 [0010] Fi'g. g g pi-ﬂgﬁ _
a framewor kwphsiki,¢h a caller's speech is recognized using _ vocabiul a 6 an
acoustic nodels adaptively selected based on a call cont extP,CTéwafp%ﬁ]ﬁg to
enbodi nents of the present invention; [0011] Fig. 2 depicts the internal
hi gh | evel funct[@ﬁrbil . bl ock-di agram of a speech 5 recognition nechanism
that is capable &g idepicts; BBk M chrad-alledsisicech Tsodedgnized usingcal |
context, according to enbodinents of the present invention; [0012] Fig. 3
i || ust r at e¥oesbeleny and/acoustiswaedels avbptivay selevtaf based o b cEI0BéRUEL, AddaidiB
affect the adaptive selection of a vocabulary and associ ated acoustic
nodel s, acembddingntswf thb regeatinv@ition; of the present invention; 10 [0013]
Fig. 4 describes an exenplary relationship between vocabul ari es and

acoustic nodel s[peagErizdd Qshik@ gl ] f t.he . present invention .
[0014] Fig. 5 ig anFe%Ceirrpi%a{r y'ﬂ?elmc}{\%/c ar o&%ﬁa’%@égé%,ioc%ﬁ?%%ﬁ?&SE%’?Fher' s
speech 4 s | usi ng v.ocabul ary .and gcoustic nodel s ‘adaptively

sel ect ed bfaegg %%lé%%a Sm gy 8§&agiedg@3?ﬁ-1%tstv@°§wl%@@l ReRuistic grodelaéo a

present invention: 15 &,0015] Fi(‘gtﬁ 6 is an exenplary flowhart of a process,

i n whi ch a“AKSERIsEh aPsprding iperabadiments of theipserentyinvenition] | y sel ects an
appropriate-vocabul ary according to a call context, according to an

enbodi ment of t[AB1ARg.chillustratesrexiemplary B0Ght ink@mation 6 ABalL XSGR Way may
flowchart -of a process, in which an acoustic nodel adaptation nmechahism

dynani cal laffesisthe adapiise selmioaR s 3b6:532Y 3hd £ssbRARH Scdtehi I ASRC Lol B0 2

vocabul ary based on a call context, according to an e

present i RuMdBEIRALs o Ig&g&%heﬁﬁéh_ 8 is an exenplary flowhart of a

process, in which acoustic nodel's ’used for speech recognition are
erformances; according to

adapt yyel y adj ba on speech recognition
‘an gn{gdi ?lmnt : E@a?ﬂ glgprﬁﬁg%cﬁqu ﬁt},@?ﬁl}p&ﬁy relationship be?ween vocabularies and

acoustic models, according to an embodiment of the present invention;

[0014] Fig. 5 is an exemplary flowchart of 2 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 a call
;:.' ) | qontext, according to an embodimént of the present invention;
[0016] Fig. 7 is an exemplary flowchart of a process, in which an acoustic model
édaptation mechanism dynamically selects an appropriate acoustic models with respect to
20 a Vbcabulary based on a call context, according to an embodiment of the presentri'nvention;
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
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The processwipodessii bed bel ow may be perforned by a properﬂ,ézlims%ﬁ
general - purpose conputer alone or in connection with a special purpoSe .

comput er. Such processing may be perfornmed by a single platformor by a

di stributed 5 processing platform |In addition, such processing and
functionality can be inpl ementBETAILEDNBESCRIPEIONpeci al pur pose hardware
or in the formof software being run by a general - purpose conputer. Any
data handl ed i n[081&]hThe moessing deseribed Bdb e chadbeperfofined bwh pfopelly processing
can be stored in any nmenory as is conventional in the art. By way of

exanpl e,  ploghAntRldedRBYl-P@pSt Y oRthutd? a&nte%f‘ﬁpéoﬁﬁé’céfgﬁ%ﬁYa s;o%rdfélﬁ‘ﬂﬁ?ﬂéeen the RAM

of a given conputer 10 system or "subsystem 1In addition,

al ternative, .S (R [ in.konger- te st ofage. devi ces, for
exanpl e, n@én@ﬁz‘s‘%?léﬁ% re%r%f@%gipgr %rg}%ldé)gla é‘i‘%%l?{@%% %ﬁ?sﬂ'ﬁ’ © pur poses
of the disclosure herein, comput er -readabl e nedi a may conprise any, form
of data éfIB?eﬁﬂ%gﬂlg%ﬁ%%ﬁad’ihﬂEd%hH@c%@B agd funcippality gen Ye madementerdites as
well as hardware or circuit representations of such structures and of such
data. 15 1bofom dfispecia pumoisebardwaterca e the form 0fsoftwanhbaihg sk 4 geriesalspeech
IS recogni zed using vocabul ary and acoustic nodel s adaptively chosen based
on a cal | poguserdmputec Aay datatahdleé badh prokssigf ortdicatdd &SeRbult 686K 1 ON.
Framework 100 conpri ses a plurality of callers (caller 1 110a, caller

© 2110b, .. procedingdanbe LREd in Ay ¥Rntsy2€ BROBEtioRYITh jﬁ%’@ha}gg%y %9 of Sxaifiech

r"‘ecogni tion mechani sm 140. A Caller”comuni cates w voi ce'r €sponse
nervork 1901 EplnBe b Obea R a0y LBy AR B e B R APt '
inforpation relevant . tq the call tq the speech recognition nechani sm 140.
 Based''on SYRIM PhF Flﬁ%ﬁ"?-&ﬂ ,aH n, o i therplipmatiys seehotriamal Ba istossdiadongespt i vel y
sel ects one or nore vocabul aries and '
term storage devices, for example, magnetic disks, rewritable optical disks, and so on. For
purpdses of the disclosure herein, a computer&eadable 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
I_ using vocabulary and acoustic models adaptively chosen based on a call context,
| ) according to embodiments of the present invention. Framework 100 compriées a
plurality of callers (caller 1 1 iOa, 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 systém 130 via anetwork 120. Upon receiving a call from a caller via the
network 120,7the voice response system 140 identifies and forwards information relevant
to the call to the speech recognition méchanism 140, Based oﬁ such information, the
speech recognition mechanism 140 adagﬁvely 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




acoustic nodels, appropriate with respect to the call informatigngagpptdpag
cal l er, thawoasmess2h then used to recogni ze spoken words ut tliagkoD¥eiSe S
caller during the call. S 2') SEP 2006 WO 03/088211 PCT/US03/09212 [0020]
A caller may place a call via either a wired or a wireless device, which
can be a tel ephone, a cellular phone, or any communication device, such as
a personal dat a[002@}sA saBertmayRBaje weallavipeittep a atiredomaiesless dvics,ivéhiedegpabl e of
transmtting either speech (voice) data or features transforned from

speech dat be a Elephored, wetluldAfhone Ureag Bbamanfag@nddvice, Ahws alpersofidl datamay
correspond to, but not limted to, a |local area network. (LAN), a w de area

t Kk ] : : ' t K.
net wor (Vﬁé%ta%f @Ac)amggzgilégstog?lacoﬂ ufer SR 1964 fei%f.h%srgiét{ﬁgé)ﬁﬂ'{eﬁl Edh net wor

The network 12 not only transmtting so relaying .
useful 1 nfor Lon.related to the.transnssjo t oget w th the \
F T anem t  eOE dad Ot fofBts St B LR SRt P e OZaET R e ‘
network 120 may include swi tches, routers, and 10 PBXes._that ari&%bl e of
ext r acti ngESREGRGNPTRe Which ek eorrespenitochyt met ligyiter tos @ deaal #ga BEfWRT , .

information with the transmtted data. [0021] The voice response system 130
r epr esent sa widgenametvorki(BeAN)) dit Intbrsat st wirelessimtworks gonpoptictatymstwerdech from
a caller by taking appropriate actions based on what a caller says during

a call. Forheﬁjéﬁm?keizoid&pﬁﬂb@fnﬁﬂﬁﬁﬁﬁﬁﬁnﬁﬁtﬁ?QE%ab'ﬁOaIQ@Yelﬁbﬁﬂgﬁ@lﬁﬂnd to 15 an
i nteractive voice response (I1VR) system deployed at a call center. Wen a

cal | er p'iﬁﬁgqﬁ?t?on‘}@ialedtﬂ?—tﬁé‘l‘?mﬁﬁfiésio%e Sther Y1IE Hig%?x%ﬂﬁ{eﬂ'@a@% tﬁ%gﬁgt ical ly

direct the c to an appropriate agent at t center base n what

is/said t he caller.. For, instanc if a Iler. calls fqr a billin

quest | on%?ﬁ?gnﬁe\?ﬁt?yéégm E Rott AP ’(raéetlfet‘f’% @glqlaﬁlf}c fle %Jéﬁ{es’vwéte{ssam?r ai ned
to answer billing questions. If the caller asks for directory_assistance,
the 1R 2& ﬂ@%ﬁ@ﬁ@m‘de af pdeactinginformafion selatad toybacaligrgnd sttighmgfugh ¢ o hel p
callers to find desired phone nunbers. [0022] To appropriately act based
on a cal | erfognatmnodtly thedeesmitteidataoi ce response

[0021] The voice response system 130 represents a generic voice enabled system
that responds to the speech from a callér by taking appropriate actions based on what a
qaller says during a call. For example, the voice response systerﬁ 130 may correspond to
15  aninteractive voice response (IVR) sjzstem 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
' ) | appropriate agent at the qall center based on what is said by the caller. For instance, if a
| ) ;Saller calls for a billing question, the IVR system should direct the call to an agent who is
trained to answer billing questions, If thé caller asks for directory assistance, the IVR
20 . system should 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 volce response
system 130 relies on the speech recognition mechanism 140 to recognize what is being
said in the caller’s speet:h. To improve 1;ecognition accuracy, the voice response system

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




system 130 relies on the speech recognition nmechanism 140 to rregogpp zEpghat
i's being swiodsiesdine caller's speech. To inprove recognitiﬂlﬁﬁg}dgﬁgy, t he
voi ce response system 25 130 may actively pronpt a caller to answer Certain
guestions. For exanple, upon s 2 Q SEP 2006 WD 03/088211 PCT/ US03/ 09212 -
intercepti m% a call, the voice response system 130 may ask the caller to
state one #iewsgifdea callgihericeyespenseysienilsd amyask thetcallents biatd e ekvend
(e.g., "place an order”, "directory assistance", and "billing"). [0023]
The answver giventypehef asaistance thayhdite iodecking Ye. g} 1plhdeash dr@ergtiddectble voice 5

- response system 130 to react but also useful in terns of selecting an :

appropri at essist@eéth wh@IBill@r). speech recognition purposes. For instance,
knowing that a caller's request 1is for billing service, the voice response

system 130 may | ler to [ QVI accoynt nunber. .
G ven this cont@g%?] t %Bgsgulegg%ﬁﬁ?g%%@ﬁ* ﬁ%he H%lg%g%}l e%gm TG ze a |
di gits yocabul ar a bul a onsi sting of only digits, if an account 10
number 1's RHGRA %’%‘e&bﬁ‘f&mﬁﬂﬁ E’ﬁ?ﬂi@"&ff’éﬁl {nstermyof soléstng JwappEeRTialg | | be said
inthe caller's response. The choice of a particular vocabulary may depend
on an undeYacyhHyy fprspieech Tespguitionqrumpmsasp For istanae, kaowingthati acalladsweqtest be
-conposed of a conbination of digits and letters, the speech recognition
mechani smid g bitting servicezthe yoich raapetisg systard ¢ 30 tagitriRer grampiahd @ller ocabul ary
(consisting of only letters) to forma conbined vocabulary. A choice of a

© 15 vocabulpiswidd@yacabss dgntean LREPIALRRNAE Hhe sfeblh fbegé%gfggremfég{ggr}?ﬂd o

speaks only Spani sh, a Spanish vocabul ary I ng a
part i cul af ; [ e nition may natraow. do t he ,scope of
what needs. aﬁﬁ%&é‘?g{ tgr‘ld}5 %"2”3’?&% \Ié%%fl? 6’\93%‘“!)‘}%#]0[“@&%3#?" FnAGEomnt 1
accuragy of .the, speech recognition nechani sm 140. Another di mension
~affec ngmtnﬂgerd%}"f“g"f”i‘rﬁ%%@s@f gﬁ@iﬁé&gﬁ@ée recogrige Mihakwill bpsgidadhewallersr a
caller's speech characteristics are known. For exanple, a French person
may speakTEPRASE-s Fhorkeiceofz putitnlarcwentulary mayhiepembeean enderlying application.

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

| 15  vocabulary may also be language dependent. For instance, if a caller speaks only

Spanish, a Spanish vocabulary has to be used.

1 L ) {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 x}ocabulary .
- may result in poor recognition accuracy. In speech recognition, acoustic models capture

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




with an appropriately selected vocabul ary, recognition accuracy? 8nSEPo2006
exanpl e, reeABRk&H N9 English digits spoken by a French person using an
English digit V(y)bgg%ﬂl ary may result in poor recognition ac%%%‘i?m‘%ﬁ
speech recognition, acoustic nodels capture 25 the acoustic realization of
phonenes in context corresponding to spoken words. A 7 '2 9 SEP 2006 WD
03/ 088211 PERbulaHBreRZHAn difficaty lingnyees etdy chedsponddd Vistyiffertepnguagis nay
correspond to vastly different acoustic nodels. Simlarly, a vocabulary in

a particul glodtlBNgSagRreS vé@BhiaASd a\&da}ﬁbﬁdrfiérg%‘usgé et ?&ﬁ%&é& with QifferentSPeak -
) may S {/I el d di

digits in English with a French accent stinct acoustic

dels. 5 h 21 - i 50 hani 140, adaptivel |
ot h vocabti ars (&n el S i BAORN T EREN AR T aB AR R BBUFH ¢ on
pur poses. onprises a vocabul ary adaptation nechani sm 150, an acoustic

| t
nodel adapf'lgf]‘%iﬁn mechani sm 170, and an automatic speech recogni zer 160.
The vocabul ary adaptati on nechani sm 150 determ nes appropriate :
vocabuldari es ba@@@é)]oThei spPerhracdgnitionghenhenisinol 48 adaptivielyldetecisdmith vembulaby wel |
as the underlying application. For exanple, it may select an English digit
vocabul ar yandaseiatel dcbasticansdeldmpripiiatecol t@bghifiok p@pbsds0 Tonipribadd i Sh
speaker (e.g., based on either prior know edge about the custoner or

aut omat ed voegEaty igRaticsHbdhSNisRNG 0L é}?aco%_@f!ic'hﬁgdél%ﬁéiﬁé&o% @@{h\éhféﬁl iR ﬁ;ﬁ@d to

billing questions. I'n this case, the Englis Igit © vocabulary 1s ¢hosen

for upcom Lcoanif of _what - be said b e caller. i 5 answeri ng
the quest iag%,u{ or'g:ghésétcgg%cé’gugﬁro 0- h:—filf HgF&gmﬁ%@E%ﬂmqphaW%;}ébor e, an
dppropri date, vocabul ary.ma Sﬁ| ected based on both application needs (e.g.,
t6 answer StETBIEF ARRIO %%;M ulagies based op infprmation related do padigylanpall ashe

I nformati on about a particular caller (e.g., English speaking with a

Fr enc b0 ac a¢ehitas thq weledyingheplicatiost | BommxdmpleaitapdtyescleotamBuglishidigit 170
adaptively selects acoustic 20 nodels based on a sel ected vocabul ary (by
the vocabuwbeabylazyibpedon die faeahatheallkb )kndRe: 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
‘\(ocabulary 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 vocabuiary.may selected based on both applicatioﬁ needs (e.g., to answer a
) ~ billing question, an account number is required) and the information about a particular
cailer' (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 uncierlying call. For example, assume an iﬁéom'ing callis
for a billing related question and the caller is known (e.g., the customer proﬁle associated
with the caller ID may reveal 50) to be an English speaker with a French accent. In this .
. case, the vocabulary adaptation mechanisxﬁ 150 selects an English digit vocabulary..

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




the information rel'ated to the underlying call. For exanple, &s8uBEP azi0s
~incom ng calo é3fssfipr a billing related question and the ca‘jr#gﬁ Oi @tézﬁnown
(e.g., the custoner profile associated wth the caller ID % f S0)
to be an English speaker with a French accent. In this case, the
vocabul ary adaptation mechani sm 150 sel ects an English digit vocabulary. 25
Based on t ARV eeslipnlthe aeomstic inodel adeptation menbanismolT0awdy sefect the acaustic(e. g. ,
information s 2 9 SEP 2006 WO 03/088211 PCT/ US03/ 09212 about the caller),
t he acoust models dieit clrdagitrizeispeschpedpertics of dpdkeiByighidl digits Wik Famonaédeat. model s
that characterize speech properties of spoken English digits with French

accent.. [0027]  [do2m FalckBe SepeRBosiaERALASLRE hoi kb im i ioR0h skaMoR Rl | 07

(e.g., accent), the acousticC nodel adaptation nechani'sm 1 rm ne,

on-t he-fl yaant; C [ suitable for .a particular caller.
For exanpl §,°h§‘ﬁ°e£§§%6§2??%&%o“3%?mg§§§? gtnllag n&f’?“ﬁ%ﬁa%‘i‘“ﬂ?ﬁ'@%‘%%ﬁ# WG cal 1y,
during g he_c egrse g{ risglgeech recogni tion, adapts to _approi)ri ate acoustic
model s “basBRUGH> TR BRI g Faper t Bermample theageusiicmendst adapiabionch
recogni zer 160. It may continuously nonitor the speech recognition

per f or mandBecdaaismld@anay dgeically,ubiringitke covwsestfispeach dedognitionjralaptsda. The
updated information is then stored 10 and associated with the

cal | -i nf orapptdpaiatefaooustio mudelsiased dn82 Bdcolieion perdaaabed & e aMomads EResRndi ng
acoustic fodels are both appropriately chosen, the automati c speech - :

" rec ogni zetrech@RizBET40" Hﬁnﬁ?@@ﬁﬁu&&?ﬁﬂxﬂhﬁ&@ﬁ% @5333%1% IIEE%Q%@% éé}?f%%ﬂéée%@; nit th ieo n

caller) using the selected vocabulary an
{ It i - s | t 30. that .i
oS ber 1y BRREE Pk Ao PaLR SRR RS BE B B RRh f doe Bea
I'l eg, t. m ' Il zed, th [ t 130
pul 1)t ALY Esecialed ety Fall-iRrmaRen 15 BER Wehe cal | o to i ndicate what

type of billing information the caller is requesting. [00291 The reaction

of the voi ce r {§38h¥&enyasiosahulay andigoriespoiding seougiiemotéie aredypitech
recogni tion nmechani sm 140 to adapt to select different vocabul ary and

acoust i ¢ appropriately chosen, the automatic speech recognizer 160 performs speech recognition on

incoming speech (from the caller) using the selected vocabulary and acoustic models.
The recognition result is then sent to the voice response system 130 so that it can properly
115 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
' f) 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
_speeéh recognition mechanism 140 to adapt to select different vocabulary and acoustic -
20 models for upcoming recognition. For example, to facilitate the automatic speech
reéogm'zer 160 to recognize the upcoming answer about the type of billing question (from
the caller), the vocabulary adaptation mechanism 150 may select a vocabulary consisﬁng
-~ of three words corrgsponding 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




aut omati c sper@lwsg?Rcogni zer 160 to recogni ze the upcom ng a Sosepyt T
type of billing question (from the caller), the vocabul ary adaptation
mechani sm 150 may sel ect a vocabul ary consisting of three words
corresponding to three types of billing questions (e.g., "balance",
"credit", exgaple|Benchpgyambnt Therefire, tatiothe tvocabutaty hd aptidionan¢chanismdifiang m 170
may then 25 accordingly select the acoustic nodels of the three-word
vocabul ar ythetaabustio ad a8 givndnéchanibmr 70%dXD 0 8{cQ8 SoritexPoP a 480 Gnd

PCT/ US03/ 09212 exanpl e, French accent. Therefore, both the vocabul ary

adapt at i ongyReheN APPSR o ngp P%E" : dapt -

to the changi ng@dglgﬁﬁgéftﬁ%f@&%bgfgﬂ@s and éytfrzfam ca %ﬂagg ectgﬁ?)l?l(5 vo%ég?}fari es

and acoust{h% Qﬁ’ggﬂt .that are nost appropriate given the call context. 5 -
[ 0030] Fig. 5 depi'Cts the internal high level functional block diagram of

t he speech rec®ﬂniti.on mechani sm 140, . accordi ng to enbodi nents _of the

present i nvent i GH30IS. 2 {eicts thednipmadihigh deveb Angdensh hlosk (g efitheiseesh an
application controller 210, a call context detection nechanism 240, a

- vocabul ar yresegngtion roechasieha40sanceziing trantsdjhentsidf thy preséntamanticin! eThe

vocabul ari es 230. The vocabul ary sel ecti on nmechani sm 220 chooses 10

appr opr i atwc¥ndauligititis thesedisen 50 @ﬁiﬂﬁsmta?ﬁﬁeaﬁéﬁfcﬁﬁﬁﬂ%rmolmm I

context detection nmechanism 240, and the application requirenent,

det er mi neqoRiext fifecBiBR &ﬁeeﬁéﬂjgt;ﬁ 280N {r&hﬂ;ﬁgry sééaio4£g§%]é%§{%@aﬂ¢ gg%}atlﬁg

controller 210 may dictate e choice of “type o

$t andpoi nt Jhat. a | i.cati requisyes.' For exanple,.if, an account
mimbor ' 1ot AkaitiBRoBa iR | e b ciechSh mesEy 2 fRicr or i ned
by the application controller 210), a digit vocabulary is needed to

rec ogﬁ@ z e *BPTOPGRE Yoeabubiist basadwa e callicontgslc deeaied bthsisal cpntest detgotion ent

application consists of digits and letters, both a digit vocabulary and a
| etter votwshimsny 240,and thpappidation reuicayring, életzrmined by tlacaplicationconioller

20 ‘model s for upcom ng recognition. For exanple, to facilitat e1g Q%EP ZG'UE
e

210.
[0031] The application controller 210 may dictate the choice of type of vocabulary
from the standpoint of what an abplication requires. ' For examplé, if an account number
15  in a particular application consists of only digits (determined by the application controller
210), a digit vocabulary is needed to recognize a spoken account nmﬁber. If an account
R ) . number in a different application consists of digits and letters, both a digit vocabulary and

a letter vocabulary are required to reco gnize 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 requx;red 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 calleris a

French speaking person, a French digit vocabulary is needed.

10




[0032] A call context associated with a call (may al so associ at € @ 8P 2006
different twe3nd21i nstances during the call) may dictate t /ﬁb%&‘i of a
vocabul ary fromthe standpoint of |inguistic requirenment. For exarrpf'e, i f
a digit vocabulary is required by an application, there are choices in

terns of which dlﬁi%idt vocabul ary of a particular language is required. This
may be det er mi @833 clhsraall wgntext defastiommechaninme4( repeivessinforpiation ¢ithet he cal | er
is a French speaking person, a French digit vocabulary is needed. 1.0 2 9
SEP 2006 MOvGe¢OBAA e RGTY 10GARLO HRken | TDGFIbtrithel fromnla @i profidé ecti on
mechani sm 240 receives information either forwarded fromthe voice

response sisdoRiiRdheith fHe caRér dr SRl tHe e o3k C UBSIARIp Rl feivofee BSHORS Fhigdh Wi th
the caller or fromthe network. For exanple, the voice response System 130

may forwar ' ].on S call l.dent 1 £ catd nunber
Comi | or " oy Va2 folfnd b el 3P0 R44AAs S Bepeloafirt bt (RE T
initiated. A call e(i, I D mir% be useﬁﬁto _rettgi eve a .correspondi ng custoner
profil 8 tiPAfD AES PIFPPIFECTHIRS @R &Fed T Mhekei tscalkis dntiated cm&ﬁyﬂa@a e
preference of the caller. Using such information, the call context

det ect i on UsliRaeirieys 2e@respondingeustomanpraflel il way gravade fugibet infarmativn ch nay
be relevant to the selection of appropriate vocabul aries or acoustic

- rmodel s.  16udhCB 34K lakgupge Prefirbnst ofahenilex e iy shch @lfomamion fraall @bntext
information within a call context that may affect the selection of a

vocabul ar metmnm%%%o%sﬂéaﬁfds%m%@ggg@g EME i Iﬁgg&gﬂeﬁ%iﬁo of the

present invention. The information forwa romthe voi esponse

$\._¥,§t em 130 NB¥ Rl d; a@}g@g ats Vo281 QQ}&@E%@%&) tion 310, including, for

exanpl e, an area co 0, "an exchange , or a caller 1D 340. Such

15 informatio ciated with a _physical |ocatign where the call is
init?lgfed, m?@ﬂ%ﬁ@ﬁéﬁaﬁ‘ﬁa@ﬁﬁ?’ﬁﬂé’gﬁryfﬂ%ﬁﬁ@ﬁ 3 tign §1 cally change
nunber 330, or, probably nost 3 precisely, fromthe caller ID 340.

Geogr aphi efext hebman affest theaselastion of 2 vedabylageandessndiated scousiiemnodes,r i er when
the call is initiated and then routed (with the call) via the network 120
' according 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

| 7 ) precisely, from the caller ID 340,  Geographical information may be initially gathered at

~ alocal 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, bne or more corresponding caller IDs 340, an account number 360, ..., and
langnage preference 370.  Using a received caller D (from the voice responsé
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 :




to the voice response system 130. 20 [0035] The custoner inforneg QOREP 2008

retrieved fwomsassust omer profile may include, for exanpl re
corresponding caller IDs 340, an account nunber 360, ..., :‘F]%ﬁﬁﬁ’éﬁ’éﬂgge

- preference 370. Using a received caller ID (fromthe voice response

mechani sm 130), infornmation contained in the associated custoner profile
maybe ret fitlstratimems:  Bordngttnse, iy imaybeantssd vehen! the undvelyirgapcans ipsetipoence
370 maybe-retrieved 25 from an associ ated custoner profile. The | anguage
pr ef er enceit 87§ beresthblishad toddethe Chwrsd 3f WRAINBHAB IR dusBbrerSEP 2006

PCT/ US03/ 09212 di fferent neans. For instance, it maybe entered when the

-under1ying acc i1 i i i e of
| yi ng qo036]! IBiffefdnt BalRirs m]h§' u§BYshf GHEAR, i%gnta% gg&élgg%%g@%bﬁ

dealing with the customer. [0036] Different callers | er

cal  ors andoy Rl phdilBhol AR e R BEY ol Sl Ban Pl (o S i

Al ternagtivgly,;a customer profile may distinquish fenale callers 380 from
‘el e..cgl,l 5 -é&%‘“@%‘.’%&a qustomner sradideBiay yistipgpith femaleepllerssiidomapaleinguage
preferences_due to the fact that fermal e and mal e speakers usually present

subst ant i #eliers 399 fecg.cinta hopechohd) aph dherdoeresriniding Isnpubpeprefirendendie wahelst i ¢
nodel s may be used to recogni ze their speech. [0037] Ceographical

i nfor mat i dawt thek fanede 210l maleapéakenushallyisesnt QibeahAAITY diffefnd ShdesH OF ML i on
relevant to the selection of vocabul aries and acoustic nodels. For exanpl e,

~a caller Rrka&cs s tht &aeﬁﬁcl@sca{eﬁ&ﬁmag? RAYTE @Xé&%&@gzeﬁg% %gepki?ed to

retrieve a corresponding customer pro that provi . el evant
or e er ence 370 bR Geb@RPR B EGPRE 5 8 ot Graln BPGRmER: o o (o
appl igation needs), an appropriate vocabulary 15 (e.g., English digit
vocabtll ar Jorgiagon rderant 1o the srleatiopof yocabylerigs tndcacenstisi moddds. Hraglexampledi git s
in French accent) may be determ ned. [0038] Wwen a caller IDis not
avai | abl ea cafler H2 forwendeddram the wirstrespenseuysfeinl E30nmy be used to retrieve a
- corresponding customer profile that provides further relevant information such as
langnage preference. Using the retrieved language preference 370 (combined with a
rgquired type of vocabulary ac;cording to application needs), an appropriate vocabﬁlafy
15 (e. g., English digit vocabulary) and acoustic models (e.g., acoustic models for English
digits in French accent) may be determined.
) {0038] When a caller ID is not available, dﬁect 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 aboustic models corresponding to a Texan accent may be appropriate. As
another ;Xarﬁple, 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




not be possible. Consequently, a preferred | anguage may not be 8o REP 208
this case, wieoymsna code 320 or the exchange nunber 330 rray%-pgsdgﬁ,gﬂzto

i nfer a | anguage preference. 20 For instance, if the area code 320
corresponds to a geographical area in Texas, it maybe inferred that
acoustic nodels corresponding to a Texan accent nmmy be appropriate. As
anot her ex8ffiicelar sef of areusticomedalrcomsanading3o thenfaseed sackat moy e congidared e. g. |
Chinatown in New York City), in which majority people speak English with a
parti cul ar asappeeyiriaie. . ., Chinese living in Chinatown of New York City
speak English with Chinese accent), a 12 2 9 SEP 2009 WD 03/088211

PCT/ US03/ 09212 [quagf AS HisBiisséBlarlitr, RERHSH bfad¥RSR] Bodds Hgﬁ:ﬁ&’é”&iﬁ}ﬂ oy thbe
i nferred accent may be considered as appropriate. [0039] As di scussed

earlier, s ' - AGOUST | e - onl v 1 h
characteri g{egéi{s&%%c%hgg% dét?d dﬁﬁ?{ggﬁ gfcs)8 P‘% eﬁgﬁg ?’g gg%aﬂﬁéagggbﬁfga ?ﬁ%‘%ﬁ%ﬁ‘séﬂ 4
illustrates an, 5 enpl.ary relationshi p between vocabul ari.es and acoustic
nmodel. s,5a ac F‘dﬁl% T“ﬁ@“&ﬁﬂ@kﬁ@%ﬁeﬁﬁﬂ‘@%&%ﬂ?g@ E%%&mP‘iﬁéi% AEBEDE fehan

vocabul aries 230 includes a plurality of vocabul aries (vocabulary 1 410,
vocabul ar yembadmgent of the nreseabinventipnn  A3e)vocabadries 230 itslidgs g phualityial e
realizations indifferent | anguages. For exanple, digit vocabulary 420 may

i ncl ude Spawatatarits§idcabulanblill HY, yocbbOlaryEn 20,5 h, do@bilamos a80)l aByc50, . .., and
10 Japanese digit vocabulary 460. In addition, with respect to each

- vocabul ar Woecdbulardimdghave AAEHAREs ifdiRbithelahfihed. AERERMhfSle MER YScabul
correspondi ng to di félyent accents 1may be él?iﬁ\%ai | abl e. F@?"ig%t a%acg,mf'or t he

En0l1 sh Cigb ol S ST RSy 81 FSABRAEL DA, LOaRber "
appr ofd  areettef soRBuanefol B adfiia pidksmet: Rcraph HsBRANBAHFSm 170
may make the sel ection based on either the given information, such as the
sel ect i onlasguageyaphiselity of aqovatitombdels trarasponding terdiffertapacsentomayrdehani sm 150)
and the 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. 7 |
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 édaptation mécha.nism 150) and the
information contained in a caﬁ 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  meodel adaptation 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 detect_ionr |

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

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

i3




i nformation contained in a call context, or information gathergg SFFegqﬂsﬁ:

- on-the-fly, wouRlses; t he speech characteristics detected fr o
speech. Referring-to Fig. 2, the acoustic 20 nodel adapt ati%&/ﬁ%@ﬁaﬂﬁsm 170 .

conpri ses an acoustic nodel selection nmechanism 260, an adaptation

nechani sm 280, and a collection of avail able acoustic nodels 270. The
acousti c sel ect [084l]n¥bkathicseccdtd cal centerisicas natl frovideheeded fifommdtioa teal |

cont ext detection nechani sm 240. Informati on contained in the call ‘context

- maybe usedmtle gledefioh, the adap&Bbe GldcRihigh 280 M0 Rkieat 8y Schl, s (see
‘Fig. 3). 13 2 9 SEP 2006 WD 03/088211 PCT/US03/ 09212 100411 When t he -

recei ved CllalackPiRi&@tonda | de.. ' ' i g a o
sel ection, thag adapt aotn?g%%ﬁag%lsa iesénq%%mﬁ%ﬁ%g&%?&%ér@ﬁagk%ﬁg% |, speech
“characterigstj rom.t.he caller's speech (g. et he he caller is a
femal e or %Eér%%ﬁet{m%aé’alf?eﬁe%vwz? thrw%ﬁtém?'elﬁl?%r‘?tec{gg SP?Fé’{lé’hi‘réﬁtFFWs HaYe

det ect gd speech characteristics, may 5 also be used to identify information
i n t he”as Sovibstuser ddensiy infprmertiondn theassagiated estoimer profilp that awlusefil trfhe For
exanple; if a female voice is detected, 'the acoustic nodel selection
mechani smsgigctiorayFarexamble ifiafbmaleatoiceris tetected; théviotstic hmbdsl gelection | anguage
preference associated with a femal e speaker in the custoner profile -
(accessed nighitdsm D60 ny PR infornfaibh & sk Wtethet &%ré’ﬁ'a'laﬁ@@%@ﬁe}'ercﬂc@ this
case, the selection is dynam cally determ ned, on 10 the-fTy, according to
t he speechshalcaSif 4 & _ , Ifferent exenplary
- al ; ernative to ac gledv%}dg?as 'Eg a e}r%ﬁth%%b %tﬁél? # rgg\f%zéﬁésgeﬁéllﬁ &8 gorr?g‘" n@bﬁ’ mat i on
~avail abl et sist the selectj of acoustic nodels js to initially '
‘select a gaé{%rg]ﬁl @86@ Fentexy elljé‘q&ééﬁﬁedﬁﬁée]te‘é“ y’&?‘?‘?é’ﬂy‘g‘“’tﬁﬁ'ﬁ‘%}n? SR refine
the selection based on the on-line performance of speech recognition. For
exampl®, Hevlh aggerding ta the snesch charactemstish of hewallerhe acoustic nodel sel ection
mechani sm 260 may initially choose acoustic nodels corresponding to

Engl i sh accent [00&}ahidfferamteramplagnalidrigtivelio acli@mtadagtation sniete-flynisheml | y
sel-ected acoustic nodels are then fed to the automatic speech recogni zer
160 there is no information available to assist the selection of acoustic models is to initially

(D

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 English
| 15 digit vocabulary, the acoustic model selection mechanism 260 may initially choose
- acoustic models corresponding to English accent, Spanish accent, and French accent, All B
o ) such initially selected acoustip models are then fedl to the autox_ﬁatic 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 méy continue until the most appropriate acoustic models are

'_ identified.

14




for ' speech recognition (e.g., parallel speech recognition agai/n8tSEPi3M8Bent

accents). TWe osp@hior mnce neasures (e.g., scores of the reg nition% are
produced during the recognition 20 and sent to the adaptati AAE sm 280
to eval uate the appropriateness of the initially selected acoustic nodels.
The acoustic nodels resulting in poorer recognition performnce nmay not be ’
consi dered for [0043}Ese fiext oglinkiadaptationt lasulie ¢eliotoet oDhicdubiicmeadlh adjuSitdts '
on-line adaptation nmay continue until the nost appropriate acoustic nodels

are ident adhid opiithalsp8echEee ; gmzﬁ?ﬁl@ﬁﬁ%fﬂﬁy BERAS0 %ﬁg%% Fl% ugg%%tﬁ% g The

final .on-1ine adaptation resu ol ces of acoustic to

achi eve opty h bt erf.or mance e used to update the
under | yi ngéﬂsﬁiﬁrﬁﬁfﬁ&p%ﬁ%ﬂ%ﬁ %g%{%ﬁlé?us %%ﬁ&nogﬁi?@?aﬁﬁn%g]ﬁ%Wrmpr ofile
that originally h n i ndi cation of_  any | anquage preference and accent
mmy be upcTISER SV B I oo U AC IR S R 6 WiBibe Re-ingi ¢ h

associ ated speech characteristics. For instance, a fenale speaker (speech
char actoer i ¥leplatign ssults, tegatbenwith agsocinted spesctiichgyatteristics.al [Fer ins@Bpchas a o
French accent. Such updated information in the custonmer profile may be used
in the fubmele speaker @pdeeh kcharaeibfstics)oT afidubeobBRefbspofdiagBith talts BY hde 1d Of
speaker. [0044] !:i g. 5is an exenplary flowhart of a process, in which a
cal ler' s sharfiictcht, thch@peaRd Hftchmitiv h RCARUhE MroRlnAr OBty fRAC! S that
are adaptively selected based on a <call context, according to an

enbodi nen .l ny lon. A call is first received at act 510.
Lnfornatitg?]tg%ee g\e/‘dgnuﬁ?’gﬂmééﬂgg[ﬁ%sge%tﬁ%ﬁpw ]88 f}%fﬂe @t 520, fromthe
Voj ce response system 130 to the speech recognition nmechani sm 140. A call
ontoxt s et MOAKEFERb 1 cxsmplhgy dopshus et pgoesd ingthiclng caller’sspeech i
appromi ate vocabul ary.. Based on the 15 sel ected vocabul ary and the .

det ect@d rpgnizesising vocphdpryrand econstic modeld dhat asradapiiteshy sdléctel] based aca 550.

Using such selected vocabulary and the acoustic nodels, the automatic
speech | calbamtpxi,zecording t¢ el tabodinkReethe pRSOS Rivehesh. A cACls H8Gecded he

caller's speech.
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 the

| 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 vocabulaﬁ
adaptation mechanism 160 dynamically selects an appropriate vocabulary according to a
20 call context, according to an embddime_nt of the present invention. Information relevant
toacallis reéeived at act 610. Based on the call information, a customer profile may be
retrie_ved 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 Vocabul_ary, together with the call context, is then sent, at act 640, to the

25  acoustic model adaptation mechanism 170.
' is




[0045] Fig. 6 is an exenplary flowhart of a process, in whiclf 6h§Ep 2006
vocabul ary waslggusedis on nmechani sm 160 dynam cal ly sel ects anpappk ﬁﬁt e
vocabul ary according to a 20 call context, according to an enbodi nent of
-the present invention. Information relevant to a call is received at act
610. Based on the call information, a custoner profile maybe retrieved at
act 620. From t RP46LFIE- 7% a7 sramndary {leorcharé ofaprosessy inpvlaieh the aceusgigmodebnt ext
is detected, at act 630, and an appropriate vocabulary is selected '
accor di ngl pdaptatimatmehanisHg0siyhanicelly sadectdappeopyiatd mgestivanoddls with kepea| |
context, is then sent, at act 640, to the 25 acoustic nodel adaptation -

nmechani sm io/8vockbslaty bas€d SEF c2PEhteMRcBIRBZ88 2 cRESHHRIBHPBE bresedt0046] Fi g.

7 is an exenplary flowhart of a process, in which the acoustic nodel

adapt at i onjesiaN %”&31}17(&1}]%%%% géé%éfef\%c I%Pﬁggfr#%cieﬁteg a?&?j?_(?\.ig?{sg%gﬁl S

with respect to a vocabulary on a ca ext, accor

enbodi.nent ,of fhe present invention. A call context el ect ed

vocabu [Sgr ythl%sc a]fl r Iggmr @Eeé’ PQ%@SWG&H&Q%@OH ETS?%S‘/Zﬁé ghest ggﬁ?l R BGGESSAERB| evant
custoner information is analyzed at act 720. Wien necessary, speech

- char act er i Stepehchgracieristicsnfthe callep agaictormined at 20t 730+ Asoustinmundelsithatarsdel s
that are. appropriate wth respect to the given vocabulary and the call
cont ext (i anprepdiategvitheespae éxthe ghleanaciteidrs tid thedall eohtet: @rclidisg fhe ¥peceh e
selected at act 740. 1 [0047] Fig. 8 is an exenplary flowhart of a -

© process, idhabictibticsGerbiddamlBs-18) dre sbicRE Akl 7go.model s used for speech
recognition are adaptively adjusSted on-the-fly based on speech recognition

_ perf or mances, = G ; t : i nLion.

et vel y sel dpEA TR it e RIRE LRyt an el M BB ot oy, o
act 81Q, and t.hen sed.t.0 recogni ze,. at act 820, the speech _from.a caller.
Per f oﬁﬁrﬁn&go §2dg ug?%{”orég?f‘@ﬁg?cggrx%p Wd@mvegba@e@e@%@c%famlaﬁ and .
are used to assess, at act 830, the 15 recognition performance. If the
assess mentSPasATwagRision pexfornaces aceonding inancerilsodimizitenfdlie present invention.

- 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
ge_nerated 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 recognition, determined at act 840, cwrrent vocabulary and acoustic models are

) continuously used for on-going speéch. Othemisé, 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 selecfed vocabul@ and acoustic models) is

20  used to update the underlying customer profile. This model adaptation process may
continue untii the end of the call.

{0048] While the invention.hés been described with reference to the certain

.illustrated embodiments, the words that have been used herein are words of description,
rathef than words of limitation. Changes may be made, w1th1n the purview of the |

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




during thé recognition, determ ned at act 840, current vocabuy grgEanﬂ]ﬂﬁ
acousti c nod@ 8% contlnuously used for on-going speech (iﬁ?)M

vocabul ary and acoustic nodels that nay |ead to inproved IS POTA
performance are re-selected at act 850. Information related to the .
re-selection (e.g., the newy selected vocabulary and acoustic nodels) is
20 used tomwpmaUHﬂmhghﬂmﬁnvﬁﬂhn@mdmshdm&ﬁbpdhﬁhh&ﬁﬂﬂmﬁ&aﬂmdsbmﬂhﬂmtatiOn
process may -continue until the end of the call. [0048] Wile the invention

has been defeir&eebty)iahl niRéRIL BRANYAbAR fotid B Bmitkd Bt halReMlagOdi nent s,
the words ‘that have been used hereln are words of description, rather than

wor ds of i 25
appended cﬁh%?ihrrjr%H %@{%out %éegtﬁ rom R s@%@ﬁsdgéﬂpgéf%% {3%3’3
nvention in i SE 6 WO 03/088211 PCTI US03/ 09 spects.
Al t hough t$rde cidise dishn oSt LR drcloird Gukpbiars ALpTIGRds ol SEen
particul ar structures, acts, and materials, the invention is not to be
limted t@hwﬁ@r%%eméwenmﬂdb@e@e within thes¢epe of the dppensiedoltiasl i n a wi de
variety of fornms, some of which nmay be quite different fromthose of the
di scl osed enbodlnents and extends to all equivalent 5 structures, acts,
and, materials, such as are within the scope of the appended clains. 17 18
2q Septenber 2006 What is claimed is: 1. A nethod, conprising: receiving a
call froma caller associated with a customer; fowarding relevant cal
~information associated with the call; detecting a call context associ ated
with the call based on the call information; selecting at |east one
_quabulary, conprising a plurality of words froma particul ar | anguage
according to the call context; identifying at |east one acoustic nodel
representing a specific accent wth respect to the particular vocabul ary
based on the call context;

i7




and recogni zi ng speech content of the call using the at |east one

vocabul ary and the at |east one acougtic nodel. 2. The nethod according to
claim1l1, wherein the call context includes at |east sone of: geographical

i nformati on associated with the call which includes: CPSP ar %ac%]ggle
representing a  .geographical area fromwhere the cal? J8°BPERNC an

exch 'Shag’ﬁ'@ld ’ﬁgepresenti ng a geographical region fromwere the call is
pl aced, or a caller identification nunber representing a phone through
which the call is placed by the caller; custoner information associated
with't ﬁemeﬁ‘l?g_t SHBPIISI: CACYIRY @derdl: from aneallsh @esaniatest with eppesierner; fewvarding
accotfievam calhniMmeHon azsosigiadowilt thetalicdatesting a-gall conigxbasgsqriatad with the call

i denPP$9LaR sncHLIRIDENaLAL selesingdatieast angevogaldanit corpRrrisingna plurality of words

char 46167 iPafticelar language aerordieg fa (hevesll eontexkpdantiiingdat lsasd \oae asorsticomedel

char SATeFsnEng aspegfic gepenhwith irpraelde drepartieulan vicablary iseed pm theneallcgostextier
char 48¢ E35090izipg spesgtsontert ofinerrall vsingdie ableast angiogetetlaty and ike atdeast-ongender
of afCPUsHSMA¥Rk caller associated with the custoner; zero or nore

| anguages for comruni cation preferred by the at | east one caller; or speech
accent _ wth respect to the preferred | anguages of the at |east one caller.
4. TRe THEt MEHIOYceEoriIng) 1 £laiinail mwhereim dhe | Gall seaniexidpdedasngt deashisomeoat ext
conpffEaprhisal | infgupatiop ssogipted yithy et sallgwiisle ingliuslgh-aphBeas cqdef ISPFASEN®IY Bf t he
cal | 9PQLARUITH RiePeliamt Whare thef ealindg iRirreds e iexerangewnymbem serrgsenting a

i dendF99aRIICH FROIQLERB YEIETS Hediathit Plased ob mcalieridendifieatiop mymbeerepiesestifoadi ng
to t PROMe;IEEgRt Whithiihis calsiemiecRn hthene@llen ustemer finferenation mesediated with the

i denfYS{YNFgvhinR INCHEEs Y accoHR RimRarrepresanting ABRCEPUNt WEIng i hthefeusiomer
cust BAEFS B2 ol thet RAIEr aideBiiigaliep truinthesi aAsspciatagh vithr theo msePWithgusmEsssi ng
t he PERGeiRliRSOran cgdherfly veies gamplentged feevwlyate volpricharagierislies.sone of t he
vocabul ary and the acoustic nodels that correspond to better perfornmance
of said recognjzing according to said assessing. 6. A nmethod for adagtivel y
adj ust 'NRS'%%GF%{ géHoP'%l@ogsWh%fer?oﬁr@l cugtqrasst shavacteristios pesasipted withftBe ni ng
speetFiIRJaHiee Bhleaslisegreagendaiof ableasl onaasalipaasposiatedaniivibe AUSImEY: 785ast
one YCBRE: pPouagss &r cosmmuigalign preteire Py thecatdeashpne saliereatspeasnaesent with cal |
f r orheaPRELQ e PrefRred langprassipf thephleastong aalleer . assessing the performance of
t he speech recognition with respect to each of the at | east one vocabul ary

and fax%h of its associated acoustic nodels; and re-sel ecting an updated
. The method according to claim 3, 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.

5. The method according to claim 1, further cbmprising: 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. ' '




vocabul ary or an updated acoustic nodel based on assessed speech
recognition perfornmance so that sai ngperfor m ng speech recognitionis to
be carried out using the updated vocabul ary and the updated acoustic nodel
19 2q Septenber 2006 7. The nethod system according to claim®6, further
conpri sing: updating a custoner profile, associateddRPEMPE?YE] | er, based
on the updated acoustic nodel. 8. A machi ne-accessi ble medi um encoded with
dat a/- tThe wathad syetem acewdisedo drimss,nigrtihereeemprising: updatingl a fausiomer qubfiler
asso@peacaiedwith the ealist, based orf baaipdatad aceussioardekal | i nf or mati on associ at ed
with the call; detecting a call context associated with the call based on
the call information; selecting at |east one vocabul ary, conprising a
pl ur & Atjachinengncgssible oradiunp apeaded mith daten theadada, elsnorodessgdt caushng: resaiving
cont @x@all froemealiey ppgpciated witfsa castemar faveardiog neleleint ealpniogealidnragsacialed avithi ¢
accethe @l deteelinger eali epntexhassoaiatadovitelie wolk haredanythe aslbigfamations setekling at
cont &ast ormuocablleghiczinngsisg e elialiy at words dfont apadiatlar languagg, ateording kethet one
vocaball egnfedndentiignaat leasisenecrnousticonsedsl cepresimiting @. spebific estintiwitheespediteg t o
cl ai thespanifidareyasabhlerychaded conthexaallicaoteiti emdaecdasizing spmesh sbntentebtieaghi cal
i nf oxpipg thmatdeasd ohevessbulanhandibe ehleasimedtcousicinuetiess: an area code
representing a geographical area fromwhere the call is placed, an
exchange number representing a geographical region fromwhere the call is
pl ac8d,Ther mgdigal laeeorfidgntoi ¢leivats, ovheneinbibe ¢alpeederitindydes apheasé someowvih
whi cBeegiaplien! [infogngticacassopigted wathe thiel eall; whicks frpltusies] an aresacddsnrepseseoting ed
wi t hgeegsaphicalt aiear frami othersvcthededl isrplacedouat axolrdyge nepbes eepresentag a
_ accogengraghica regipre lomhvenese dteoradis plpted @s atdaderdaéntification nuaiblee representing a
i denphariectiroush whishdie aglsischlagaddoynihencallae casiomentinformationsisepiated with the
char sgtemneswhigh inciugles Tare aeapyhunnraless reprasentiog cdnsdaso @)t usingrvdiich theecustoserner
char pleces ithe icgl, & selleit senification membey stssosiated nwithudiee scchwiis or sastemegender
of athdraeietistigne cal | er associated with the customer; zero or nore
| anguages for comruni cation preferred by the at | east one caller; or speech
accent wwth respect to the preferred | anguages of the at | east one caller.
11. TheTheetiedivnneewdinnrig daimdd, avhardio thevsastemar shardctddstios tasaeriated atith tbent ext
conpeysienserdnclyge gt least some: gender of at least one 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 caliler.

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




sone of: extracting the geographical information of the call fromthe
relevant call information associateqzmjth the call; identifying the
custoner information froma custoner profile corresponding to the account
nunber using which the customer places the call; or identifyin the
custonmer characteristics based on the speech of the %ﬁ%?&ﬁﬁ?r . The

medi um according to claim8, the data, when accessed, further causing:
accessing the performance of said recognizing; re-selecting at |east sone
of t mwdebbasrd anyassedsachepersburschgnitionogelfermanae svothab spisihdefainet speech

per f craggRifen isfio Haicarmedoawd nsing g updateddionabulary siail theagslatest augusticiiBoded

machi ne- accessi bl e medi um encoded with data for adaptively adjusting
vocabul ary and acoustic nodel selection, the data, when accessed, causing:
per f d#mThg rvpdivmhsyséero garcoiding tsiclagm 28, theadata,owberv ecagnsedr furtied cassiog:i at ed
at | gpdatingrrecustamgrtnirefilevsdetciated it theccadler baskdan the updatet lacoustintmedel. r el at ed
to acall froma caller, on the speech fromthe caller; assessi.ng the
performance of the speech recognition with respect to each of the at |east
one vocabul ary and each of its associated acoustic nodels; and

re-sel ecting an updated vocabul ary or an updated acoustic 20 2q Sept enber
2006 nodel based on assessed speech recognition performance so that said
perform ng speech recognition is to be carried out using the updated
vocabul ary and the updated acoustic nodel. 14. The nedi um system accordi ng
to claim?29, the data, when accessed, further causing: updating a custoner
profile, associated with the caller, based on the updated acoustic nodel.




