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Ot her aspects of the present | REQOGNIEI@Ne to adaptive. automatic speech
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BACKGROUND
[0002] Aspects of the present invention relate to automated-speech processing.
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
atiract customers. For example, a customer who purchases a computer from a
manufacturer may be provided with a toll free telephone number so that the customer can

20  call for any technical support or service questions, To facilitate offered customer
services, a manufacturer may establish a call center equipped with call routing capabilities
(e.g., route a call to an available agent), backend dafabase 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 custoﬁler SErvices.

[0004] Maintaining a call center is costly. To effectively compete in the market

place, the cost associated with customer services has to be kept low.  Various strategies
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pl ace, 't he cost associated with customer services has to be kept |ow
Various strategies 1 WO 03/088211 PCT/US03/ 09212 of saving cost have been
devel opeWO 0348823 ich strategy is to introduce automatic caPCT/UBGURIYy
capability so that there is no need to hire operators whose job is nerely
direct calls to appropriate agents. Such automatic call routing facilities

aut omat i cfahVivgicoiteabé Bter feelope®dont ehdht Bdtded idFREbENG fiGhaEsan(e. 9., a
cust oner may have a bill i ng question) and thén 5 automatically route the

Cust oner,,s:: - i all i th riicuyl ar in
(e.qg., arﬁﬁtag@r%paﬁ 18?&319521%1?;]@;{{8 Ingef%rerﬁteaé#f% iﬁﬁrﬁ‘ VEI?CTSF' %]g%rl}é‘%rg#'e@reah‘gagg? ons).
(0005] There ar.e mainly categories of techniques to realize automatic
cal | rodPPRFOPEAR 4860t %’\ﬁﬁﬁm@n& e f. r%mtgégwgﬁﬁ% atemeisally Telstte Bhoi ces.
For exanple, a call center may pronpt a custoner to "enter 1 for placing
an or derleedsedtedbtoraralling ¢usinger de.gu esustomsr magthave 3 biling anestion) ankthen W t h
this inplenentation, a custonmer nay enter the code corresponding to

desi ped azptmuitwellysoute tle mietohmee’s\whil o keygens utb iaspsialietdphibopartiouhee this
type of solution requires a calling custoner's effort, it may annoy sone

custorrerd%maheﬁag%pwéem WE s feBSor DRI n@hd1alpodia gi;:ﬁte'd WEiGRPUGh so that a

I .
custoner may e trouble to renenber the code each service choice

after hearin A 90061 . Anot her .cat egor f technj.qu isto
aut onat o car 000, P Ble e B hlecoRR! SEabRRE Yooflhe AEBARHALT 1 St o
cal l'i ng‘c%sto r to say what gate ory of service is, being requested., Since
o cust oReTng nOpRiSIoPIGmP! alling SHStahgrdo eater EndaaboiceRe Eelsanlc, ealih
choice, it is often nore convenient. To realize this type of solutions, a
cal | ceSERIEr M3¥ pEATNPL QStanyes tafemden biraplasingreeaier; esteydifor wlingyst em t hat
recogni zes the spoken words 20 fromthe speech of a calling custoner. The

recdgni zeecstopskantendofod prameionh&n Weiddthisimplauématidie acabtbomePuRyteatet fige f act
that a call center usually handles calls potentially from nany different

cust omeksde édrrdspiaihy tF@Rlrey Serdite Aing Tich foe sSBQPSY {é!égyﬂo /S¢igea t hat

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

! ndepen%myp%gﬁggﬁlﬁon 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 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 ofien more convenient. To realize this type of solutions, a call center
usually deploys an automatic speech recognition 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 recognition system that
1s speaker independent (as opposed to speaker dependent system). Independent speaker

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

25  accurate.




voi ce recognition, although nore flexible than speaker dependent voice
recognition, is less 25 accurate. 2 WO (13/088211 PCT/ US03/09212 100071 To
i ni ni zeWOHE%¥¥dbgni ti on i naccuracy of using a speaker i rRIEHEHBOH2I2 syst em
a smaller than normal vocabulary may be used. Wth this technique, if a
call center pronpts a calling custoner at a particular stage of the cal

to state on t : [ SShH Vil ' L Q LRE0BRL AR d¥kat the
cust oner wﬁﬁpgggyﬁﬁgﬁg%gg%ﬁ@g%éggﬁ%gHF&GF%?ggpéﬁ%%rgg may be sel ected for
recognition. For.e le, i.f a.custoner is gi hai ges of.. "information",
" oper at*gpe ﬁﬁﬁ‘au%rixtﬁ% Pgymal v O‘faé?uté&g‘ﬁﬁirbf ém# aﬁt?‘ﬁ‘émgﬁ@?b%r fHP choose, a
vocabul ary consisting of only these three words is sel ected 558 opposed to

a generdeater prEanis p sRNIng GRSIAMAT # g Rapdda Firse of thggradidty stas on afeon
pur poses. Using a smaller vocabulary helps to narrow the scope of the
r ecognigivarseavice chuaseseto reoganoeavirag tegmistontem wild say auvaselyulaigiaftoni hihsee
technique, at different stages of a call, different vocabul aries are

sel gct afbriaaRy tRRelbRd Feebs SIRIH. _Sli‘c@fexﬁﬁ?lépﬂﬁrchh’tbﬂ@r@@g’-ikréxﬁﬁidim-of10008l I'n
many real systemnms, even with flexible selection of vocabul aries at

di ffere& % I HOGOGRIL | i . d enough.
by 7 STBARAE, Thfude L ETTRRIS HODOPE Ete LiphLFRAn oot erovo
eech recognition

enough, It is a di.fficult. task to perform 15 t omat ed
Chat Ut woctuiiy Bofictuisoctii Fops bt 1 S leied GEPP SR E58E 001 ar y.
different custoners nmay state a sane choice with very different_speech
f eat ur eecatmbgry sgnigpring thagsands ghwprishfor rerognisienFysprsehc dBEA $Ballerf f erent | y
by an Anerican native speaker and a Japanese national. 20 BRI EF
DESCRI Rot4 16K helk tdORAVSWES: £0pO8] the hecognimantdj eneatiinpnovesedagnitivar
described in ternms of exenplary
10  accuracy. With this technique, at different stages of a call, different vocabularies are
sclected 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 is a difficult task io 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

features. For example, word “operator” may be pronounced quite differently by an

American native speaker and a Japanese national.

20 BRIEF DESCRIPTION OF THE DRAWINGS
[0009] The present invention is further described in terms 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 nents, which wll be described in detail wth reference to the

drawi ngs. These enbodi nents are non-limting exenplary enbodi nents, in
whi ch T K@"¥/®¥2Hence nuneral's represent simlar parts t RCIRIWSM0L212 he
several views of the draw ngs, and wherein: 3 WO 03/088211 PCT/US03/09212
[0010] Fig. 1 depicts a framework in which a caller's speech is recognized
using vocablft0y Find depintsst fremewdel s veldabh icwldrs sebdcikeeedpaied usinga cal |
context, according to enbodinments of the present invention; [0011? Fig. 2

depi ct s vbdadulai id@oubtiioi@y 8laphivatdeRpRY tRkQLk, SLADERmAf a(fégr ﬁ)g S
y

recogni tion nechanismthat is capable of adapting its vocabu

acousti g t : .ext, according to enbodi nents of the present
mﬂyﬂﬁleﬁffloq” ﬁl?e gpl%gén:t ftﬁ%@lﬁt&%

i nvention; 1001 rates exenplary relevant information of a

call context nma af fect.the ad ive selection of a vocabul ary and
associ at ed ag@sii Fe éﬂiﬁg C&, tﬁ%@’&@t"aﬁﬁgg 56’6’31 Bnphenakblack-digremef grspesht
invention; 10 [0013] Fig. 4 describes an exenplary relationship between
vocabul BPPEutighmeckimgug 813& ispspeitls of adaptingiita yotabudary endech ustinmaklsttha
present invention; [0014] Fig. 5 is an exenplary flowhart of a process, in
whi ch acatbdonext, acsqdargto iembodmoagno bd ptigbmidnveagiaul ary and acoustic nodel s
adaptively selected based on a call context, according to an enbodi nent of

the present [MY%EFfagQB Hll%ﬁa&@@ﬁéﬁplﬁﬁel&ahﬁ%ﬁﬁsm}'QSXH ELuG @ftn%%{ a

process, in whi vocabul ary ‘adaptation nmechani sm dynam cal ects an

appr opr.i ' call .context,. according f.0 an
mbod, ranet Y AARNALNec A6 B £ AP i Biseifitg aS3stis Bl arrprdig
flowchart, of a process, in which an acoustic nodel adaptation nmechani sm
dynami ceé’iﬂ?%%h@g?tg(?f@edlﬁesﬁﬂ BPHICR e acoustic nodels with respect to 20 a

vocgbul ary based on a call context, according to an enbodi nent of the
pré ent i nvdAP13rFigahdescribes 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 a call
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 recognition

performances, according to an embodiment of the present invention.
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10017] Fig. 8 is an exenplary flowhart of a process, in which acoustic
nodel s used for speech recognition arc adaptively adjusted based on speech
recogni tW&’nWOB%’H ormances, according to an enbodi nent of REEBUNB&SENIL

i nvention. 25 4 WD 03/088211 PCT/ US03/ 09212 DETAI LED DESCRI PTI ON [ 0018] The
processi ng descri bed bel ow nay be perforned by a properly programred

gener al - pur pose conputer al Mme@ﬁf TRHNWM th a speci al purpose
conmput er. Such processing may be perfornmne y a single platformor by a

di stributed sin | at f or,m,,.l n addi tion,.suc rocessi ng and
functional i t@"géﬁ%ﬁgpf"ﬁ%‘fs ets%qur?epc{vhgla?gjp%egffmg%c‘e]]%fﬁpr%ﬁﬁose har dwar e

or in the formof software being run by a general - purpose conputer. Any
dat a hal@EENs! SeRCFRIIUERASE §PHPUISE alppeak B Foracaionagi) ¢ spsciad BEIROPY ocessi ng
can be stored in any nmenory as is conventional in the art. By way of

exanpl esompiiet Such pronespingenayt by patformed by erspplapitfoemor y aslisttibeted i n t he RAM
of a given conputer 10 system or subsystem In addition, or in the

al t e3 naprovessing pldifoiat & sdditife sadoseeksking kAl Baictiohitycah BE aBplefiRMicass, for
exanpl e, magnetic disks, rewitable optical disks, and so on. For purposes

of the ﬂ%?&@%@ﬁ%ﬁ%ﬁh&elﬁr&?ﬂ?‘&ﬁfﬂlﬁ? Bf SR ﬁe;gg@frfgygrg%%&m@”y form

of data storag Ism 1ncluding such existing chnol ogi es as
wel | as_hardware .or,circuit representations of suych structures,and of such
dat o, - IO BFBu AR i pend Sl SRR RS SRR PLAISL AT R 6 speech
is recognized wusjng vocabulary and acoustic npdel s adapti velfy chosen based
on a cdllPCEPRE &% be Sigreddp @y gnamery abisseRBeRtionak intheat, Byavay efmsamplean.
Framework 100 conprises a plurality of callers (caller 1 110a, caller 2
110b, ".such detaimayrbastatda) 3 tenporiryenamesyonsd as diy fedtm VB6X a gimen eomsmetec h
recogni tion nmechani sm 140. A caller conmmunicates with the
10 system or subsystem. In addition, or in the alternative, such data may be stored in longer-
term storage devices, for example, magnetic disks, rewritable optical disks, and so on. For
purposes of the disclosure herein, a computer-readable 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 acoustic models adaptively chosen based on a call context,
according to embodiments of the present invention.  Framework 100 comprises a
plurality of callers (caller 1 1104, 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




20 voi ce 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
f or war dsWCHP#P#dl i on relevant to the call to the speech PEEHEH¥EEN
mechani sm 140. Based on such information, the speech recognition nmechani sm
140 adaptively selects one or nore vocabul aries and acoustic nodel s,

apPronri at o hdhy LESRRC L Yl i LALOLIRNAR APl fald il ore

25 then used ecogni Ze en words uttere e ca uring the

call. 5 WD 0Q3/.088211 / US03/ 09212 [ 0020] ,.A cal.l er | ace a.call via
ot her  BORtEEDE, Borlla ge,&é@%&?llwm]aﬂe%ﬁe‘"% suchy 8 Lppicanel 498 o |l ar
phone, or any communication device, such as afpersona_l data assi stant
(PDA) orssistpg(ERAAlor & parsonacomphter, that is apreblecofdransmitisgictihersgeesht her speech
(voice) data or features transfornmed from speech data. The network 120

r epr eselit¢ice) datageifedtings nahyforiked fbunapedvhydator Ths panadrit 520 buptesaats al | m t ed
to, a local area network (LAN), a wde area network (WAN), the Internet, a

Wi 1 ek s geNefoWRilorkOWhRhRAAPEIREFSM BELWRIK 1imitth %, Aab¥ akeakRBydik (TARRD! € of
not only transmtting data but also relaying useful information related to

t he trapsm,ssion,.to | ] . '

respons g %‘?9% 6 %\nej 'IQ E%Pﬁg& gﬁ%@geﬂﬁhéaﬁgfev%%itﬁr%gg %%%y rép%lcelk%g & g@vﬂ% ‘ches,
routers, and 10 PBXes that are capable of extracting jnformation related to
the cal ITHF NSAPTAl CGEHHAREDIS GLROT ATY BRMEEFENE J4 PHUAHE TEPAMENERLd dat a.

[0021] ‘The voice response system 130 represents a generic voice enabl ed
syst em infhanaticagplatedgo the ransmegseny kogethenivathahe transnigiied datpitg thpyeiepri at e
actions based on what a <caller says during a call. For exanple, the voice
I espons eespyiscentd@d( 30RY Fepexagiente hetwbbk 820 inay dichals swdtches, ceutegsaahse

(I'VR) system deployed at a call center. Wien a caller places a call to the
cal | cephies tHaGre O Eﬁﬁ¥ oF exfrdPR¥g AbAMRIIGRIabt 1SSt Bkd SifichinkQuan

appropriate agent at the call cénter based on what is said by the caller.

For i nsg I%lg%ﬁoi%l];‘%ﬂgatgl%ﬁllﬂlflgrhit&%lda%-fOr a billing question, the I VR system

shoul d di 0 an agent who is

[0021] The voice response system 130 represents a generic voice enabled sysiem
that responds to the speech from a caller by taking appropriate actions based on what a
caller says during a call. For example, the voice response system 130 may correspond to
15  an interactive 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
appropriate agent at the call center based on what is said by the caller. For 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 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 voice response
system 130 relies on the speech recognition mechanism 140 to recognize what is being
said in the caller’s spesch.  To improve recognition accuracy, the voice response system

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




trained to answer billing questions. If the caller asks for directory

assi stance, the I'VR 20 system should direct the call to an agent who is on
duty to WEI%¥0ERIl ers to find desired phone nunbers. [O0ZZI/%93/09212
appropriately act based on a caller's voice request, the voice response
system 130 relies on the speech recognition mechanism 140 to recogni ze what

I's bei Nfhterc ﬂg'a%a[lhﬁleé@kclfg%spgnsseosgrgt%ﬂf I%Bomwgqu@ cﬁl?e(fc?tggfa{é AU FEEHACY the
VOi ce response®system may actively onpt a calTeéer to answer certain
questions. For exanple, WO 03/ 088211 PCT/ US03/ 09212 intercepting a

ot CRen s St Seince 1B By the i ser g ook riace SR AT OO o one. of
several given types of assistance that he/she is seeking (e.g., "place an
order ", assigtanex’t erq/ “bilgrd st ance”, and "billing"). [0023] The answer fromthe
caller may be not only utilized to guide the voice 5 response system 130

to react but[08R3]Ths edavwer ifont the well@fmsehendtionly wilizagpe gide tHeevoisocabul ary
for speech recognition purposes. For instance, knowng that a caller's

r equEst respchsé Sstdh 150 RIra8 B GRo ubdIBl MALSS SBSRENSES XHrpRiakd0 may further
pronpt the caller to provide an account nunber. ven 'this context, the

speech Ifa I L] 1 gkt S, VoC ar

vooabul SRSBRENLE TR BTG fitmob®! b el skt aI Pl <o
consist, of oply digits) tQ recognize what will be said int caller's

r espons‘é?or'rtf’lﬁm@ﬁ@l’v <8 83)'6 YPISEARSRORST Syrsted é by AYrthaE prorapld acgff-‘ram under | yi ng
application. For exanple, if an account is known to be conposed of a

conbi narpvide en aghayint sumber. | &tiven this conteat, diprenchch weognition mechandsmand@m 140
may utjlize both a digit vocabulary and a letter vocabulary (consisting of
only | ahdenilzetaodifing mocabohnbianedamdadizohsdstng of oniwdigis df amadduntocabul ary
may al so be | anguage dependent. For instance, if a caller speaks only

Spa S hunthePRAHo™h MRS FHonly dgitd)do p@cogﬁi%g whabRAtbe 4484 NOtR AR cul ar

vocabul ary 1 n speech recogniti'on may narrow down the
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 combination 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 a

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

Spanish, 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 recognition, acoustic models capture

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



scope of what needs to be recogni zed, which inproves both the efficiency
and accuracy of the speech recognition nmechani sm 140. Anot her di nension

af f ect i gO0HB83REr f or mance of 20 a speech recogni zer i nvolPEggUSABEIIRT a
caller's speech characteristics are known. For exanple, a French person
may speak English with a French accent. In this case, even wth an
appropriately.sel.ect.ed ,vocabul ar recognition 0 f xanpl e,
eeoon SRAEEIENERL T g REOT ey R L R B P rRG skSstB Toh G i
vocabul ar may result in poor, recognition accuracy. In sp h recognition,
acoust i EONel éme]éﬁﬁfu% wocpbleReinp Ryl lanaiaes 46 ol \ﬁ%ﬁ €1t n cont ext
correspondi ng to spoken words. A 7 WO 03/088211 PCTI US03/ 09212 vocabul ary
real i zeatcgnds (h.4.f speehdigitaiy aglesh wily a Foench spomd) may else tviald distifiefraspestiscoust i ¢
nodels. Simlarly, a vocabulary in a particular |anguage yet realized with
di ffereibdel@accents (e.g., speak digits in English with a French accent) may
al so yield distinct acoustic nodels. 5 [00251 The speech recognition

mechani sm 1 P?ﬂf‘gﬁéf %)r%la%he%gg%&ﬁ&n HﬁEl‘Ihan‘P&"l‘%‘hc?JpYive nd1eRBe %c%u?a?fUSt ic

nodel s appro t1on purposes. cofprises a vocabul ary
adapt at.i gn rrechgﬂ smt150 gn acoustti %P{rmdel .adaptation ﬂechan.i sm 170, and
an aut GGtAERO LS P HBATS ApPTRRIAte 1o d oMM B DOSSEa pt SPTRNSFe hani sm 150
determ nes appropriate vocabul ari es based on_information related to_ a

par t i cuiosRbwY|adaptation merhansan | i anngenstigimeel afantztion mechapsm Bhapte, it
may sefect an English digit vocabulary based on the fact that the caller

i s knovam auéorhiicaapedaigletagnizpdaler Theverabulbpsatiptation edechanispris®r  know edge
about the custonmer or automated recognition results) and the «caller

r equestd@idipiings Gppropliafea@cituldtidsibangl SHiRSsrneNisn rélatet o 8 ?aﬂﬁalar thieagEngl i sh
digit vocabulary is chosen for upcom ng recognition of what will be said

O a5 Ok B AR, OB ST e T
bot h ap\}%lcciibcu%riy Hsd oend e ‘et Fiat tlttleoca B 1% hofn to be an English speaker (e.g., based
on either prior knowledge about the customer or automated recognition resulits) and the
caller requests service related to billing questions.  In this case, the English digit
vocabulary 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 adaptation mechanism 150 selects an English digit vocabulary.

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



billing question, an account nunber is required) and the information about
a particular caller (e.g., English speaking wwth a French accent). [00261
The acou®i®/08¥dEl adaptation mechani sm 170 adaptivel y setGeUS03aeBAstic 20
nodel s based on a sel ected vocabul ary (by the vocabul ary adaptation

mechani sm 150) and the information related to the underlying call. For

exanpl eghAfi SRR, IHBGeH B ntel adadtatio®mdnMibhi 179 ﬂ@’ﬁﬁ%@yﬁ%éﬁ&ﬂ” and the

caller is known (é.g., the custoner profile associ at the caller ID

may reveal t n. Engl.i sh Ker wit . French nt, In this
case, v RSy RardfelR S0 GleSER S ok Bedichi GRECV AR T h kel v
vocabul ary. Based on .the vocabul ary, sel ection and the known context of
the call (e. 5950,27] iﬁe%?amfﬁéﬂeeah 8%P0H RS 21e IEHNOED 3 I (E- Sfsaent), fee
caller), the acoustic nodel adaptation nmechanism 170 may sel ect the

acoust i gcougipeiwiodelt adaptatimmechamsn ¢7¢ peg catepnimseon-ilesilpfthe pedt@poEtigl i sh
digits wiwth French accent. [00271 If a caller's speech characteristics are

not Xnomodelspuitabilé fof @.p@rticude eaMdr) , FértgampipthgtacoudtiRdebdadagiaidon mechani sm
170 may determne, on-the-fly, the best acoustic 5 nodels suitable for a

partic £ I BE i |l SRR | chani sm
170 ma;ﬁl g?/l}lan‘i cgmgl@g r%ﬁﬂggﬂtlﬁ’gu?gg;dgcg@g?&scgesg%ﬁrrgcﬁgn%dt%l’ g‘%,?)tsa apts to
approprjate acousti ¢ nodel s based,on the.recognition rformance of .the

0P o RO PR R At ag e BShS B8 08 el iR RGwPHY Speech
recogni tion perfornance and accordingly adjust the acoustic nodels to be
used. TIRECHPEALEY- | HrepneantigHoysly mﬁégorstb%ﬁmch 1gognRition Pefermanss aflt h t he
call-information for future use. [0028] Wen a vocabul ary and correspondi ng
acoust i asconsiiegly adjnet the atpustipprodplsitabe bisede s epdatieti énfarrtatmea is theytaet

recogni zer 160 perfornms speech recognition on incom ng speech (fromthe
cal 1er ) andsish@idibe with I tRe t Al indorealioh dsnfuaré ugcoust i ¢ nodel s. The recognition

result is then sent to the voice response system 130 so that it can
properly [0028] When a vocabulary and corresponding acoustic models are both
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
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 recognition. 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




15 react to the caller's voice request. For exanple, if a caller's account
nunber is recognized, the voice response system 130 may pull up the
account WRFGMsEon and pronpt the caller to indicate vm&‘ET/ﬂJW}’éﬂf’éil billing
information the caller is requesting. [0029] The reaction of the voice
response system 130 may further trigger the speech recogni ti on nmechani sm

140 10 8doplie e ebadl MhElant, ‘68@%9%%863%11@23?3@“.&.%' HPE sndf OF

upcormi nax exanpl & aci € au omatl c speech

recogni zer 160, to recogni ze the mer abo e of billing
quest i ofhe@cPphc adpptabion P@Fl}amﬁ%éygég% %‘Eﬁ%@ Sl? (12@ ¢m 150 may

sel ect a vocabulary consisting of three mnrds correspondlng to three types
of bi | | dympngjoaiét $obevs theevagabulies adaevusticapedyis that arampst PRRIEPHUG FEER" ) . The
acousti c nodel adaptation mechanism 170 may then 25 accordingly select the
acoust i therdaflebsteff. the three-word vocabul ary that correspond to, for 9 WO
03/ 088211 PCT/USO3/09212 exanpl e, French accent. Therefore, both the
vocapul ary aﬂﬁﬁe? %@%m&éph@meveﬁ hﬁwﬁ@ﬁ] $ldek dEBRLAITIIRNspERGhani sm

170 adapt to g cont ext of and dynami cally select the

vocabul aries and oust rmdel ar verw..t he call
cont ext’ 33?88%816&&? szlag’eapc’ceﬁ n%%’ ?ﬁ%?%ﬁggﬁﬁlg%g%géﬂeﬁk%n |g}lllgl bl ock
di agram of the s (fwech recogni ti on mechani sm 140, accor (g fgbodl ment s
of the BrebEHEY ARPENIONSRCCIEM |ADCaBITHFS A ReREbEal PR BelREAIG fetlo
conprises an application controller 210, a call context detection

mechani sont@dGleteation owbbdnismy 240 avacabularyesshestis mebmisra R30eng) aplarality  of
avai |l abl e vocabul ari es 230. The vocabul ary sel ecti on nmechani sm 220 chooses
10 appr gpsvaah6le WoeaRIMrPdsi 289, base docibuiurg sdléctivnmhehbnisaeddodhedsasy t he cal |
context detection nmechanism 240, and the application requirenent,

det g5 M Aed BYatk D6cARRIHES BhdeABrGPEMT Qntekt, detetfid by the call context detection

mechanism 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 example, if an account number
15  in a particular application consists of only digits (determined by the application controlier
210), a digit vocabulary is needed to recognize a spoken account number. If an accoupt
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




[.0031] .The application controller 210 may dictate the choice of type of
vocabul ar fromthe standpoint of what an application requires.' For
exanpleﬁ”%ﬂiaﬁ“ébcount number 15 in a particul ar applicathtdAV¥éig318t s of
only digits (determ ned by the application controller 210), a digit
vocabul ary is needed to recogni ze a spoken account nunber. If an account

number in a u@g%;ef}?@éam&p%éx@a&mmnqgu btss 20 b GV EsSin@RhaliSh bgtes, both a

digit vocab and a letter vocabulary are required to recogni ze a

spoken accoynt .nunber .. [0032] A cal |l..context ocCi i call (may
o o0 asBBtRHPLaRS ypich rBRbse N LWL ELA0R Ao Ee Y 1y
dictate the choice of a vocabulary fromthe stapd oint of i nsqju' stic
r equi r eassoniatedwithdhaeglies or frpmdhe pgiviorly o BAsEraTPIS DErvOF FEERPNETSHFHFM
application, there are choices in terns of which digit vocabulary of a
parti cul3drmbpfoguagicallsekeginfoematiomhich anayaber idettdfioafioeduabedediendPio t he
call context. For exanple, if the caller is a French speaking person, a

French @igiskeiRasbefraderitihs an eRd Sbm $BeldEhOSI08 3ZilidteRCTA WSNE/MDARIPHE 00331
The call context detection nmechani sm 240 receives information either

forwar dgdq {J I%Fﬁetv@g dp\ﬁgéeg}ﬁor{dﬁ%ocgféﬁ)ﬁéc? }sgérfﬁﬂﬂa%ag@rwhé reMRd il emidncust oner

profile "associat omt networ k. For exanple, the

voi ce response system 130 may. forward.call rel.ated j.nf i ch as a
cal | or abA PeEiEPERP AT i (P s sl ipatiSedhERILERGET, 7S an
area fromwhere the call is initiated. Acaller 1D may be  used to retrieve
a cor r elptrstion mechanen 24P cprgictsdhe waderng lleoniat. VeI PEFHEAE fOn  such
as the | anguage preference of the caller. Using such information, the call
cont extthe s¢iohiofappephiateivenaigddissonstoustic smodhle. under | yi ng cal | cont ext,

whi ch may be relevant to the selection of appropriate vocabul aries or

acagsti ¢ moqebsy] 2iQ. § ARRdhieFegemPary elesintanes of kgforhation withiaantl t ypes of
information within a call context that nay affect the selection of a
vocabul afy..fid: ASS QAR sAEQHRrG VORHR &y and associated acoustic models,
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
precisely, from the caller ID 340.  Geographical information may be initially gathered at
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
i1




according to enbodi nents of the present invention. The information
forwarded fromthe voice response system 130 may correspond to

geogr aphVOP B8 br mat i on 310, including, for exanple, anPGFES3WER 320, an
exchange nunber 330, or a caller 1D 340. Such 15 information may be
associated wth a physical |ocation where the call is initiated, which my

be iden gﬁ[gb r obabl y
nost p‘?llgfg%eglgﬁe?g#nr ]tn%{élﬁgeéﬁlq—g% ?%%%%H%Véﬁ ograp |c ﬁ%g%ﬁng |Sé§n n(gy be
initiall t he cal car er vvhe he c is initiated and then
routed ¥ %l‘agﬁ) égﬂ%held)duvpﬁ HEVRE Rluﬁ.gz‘ffl :ﬂbe‘f“ﬁ %[ ce response system
130. 20 [00351 The custoner information retrieved froma custoner profile
may i ncl ude, [008@k Differa callers meayotse mpemeseHerddh oAdsustpraet Arefilemmyy mgord an
account nunber 360, ..., and |anguage preference 370. Using a received

cal | er ¢dch of st intieidoal petentéd polise ambthear agmagSpeferemdes {nsttshowndawiigi ned i n
the associ ated custoner profile nay be retrieved. For exanple, given a

cal ler 3D, Alﬁﬁldtﬁe@uag@st&heﬁ ﬁbﬁwﬁaﬁaﬁnﬁaﬁsw@n{a@é EdIRYESR0 Bemiham an
associ at'ed custoner profil | ahguage preference 370 maybe i ndi cated

via 11 déﬁ@ﬁl%%‘@%ﬁé% 3 nl(]:lg {lsléﬁgl?&gggggl% ddogegc{% F%%fer‘eﬁéését@%‘%% gid may be

entere errying &count I"i ' shed

during the, co of dalln with the cust 0 Different callers
may us agl Walfemale andmal pspoatteiies rPIgTeoH B *%19-&91 8%@#@»( SBECR of such

i ndi vi dual J[ootentl al callers and their | anguage preferences (not shown in
Fig. 5hayactenistien sedthptidistinet acovgiie medels praythel usedig regp gnika gieirshesdinal e
callers 380 frommale callers 390 (e.g., in a household) and their

cor r espondi N§03 ANGeageptica ifbangem dlged to adadl cah betusédiat ofiteinmbe@eand mal e
speakers usually present substantially different speech characteristics so

thaly diigformetioRfdsishi © (108QESiABY vBSatSRLshAd hEGRAP hiRlelsh eiFbr 8RS8, [ 0037]
Geographi cal information related to a call can be used to obtain nore 10

| nf or maatdaﬁgr ﬁf%o%?&edtfporﬁ Ifhe \?0% r%géo%ge @sten?ciga %Jn? Eé ﬁ?edqo%t%ggél 3 tic models.

For exa

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.

[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  Forinstance, 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




a caller 1D forwarded fromthe voice response system 130 can be used to
retrieve a corresponding custoner profile that provides further rel evant
i nf or mat VOP398M as | anguage preference. Using the retriRSIEdSBEMIGage
preference 370 (conbined with a required type of vocabulary according to
application needs), an appropriate vocabul ary 15 (e.g., English digit

vocabul a agoust i el s . C J f Y digits
! Fr entin Bl SRS e ColRIE rselorting BEBY el TP raf bp ORI

avail abl e, di rect access to a custoner profile may not be possible.
Consequ%grﬁﬂpyol’r‘éepref erred | anguage may not be known. In this case, the
area code 320 or the exchange nunber 330 may be used to infer a_ | anguage
preference. HO3foAsidissusnd earlipr, selbeticared acoustie RiFlcdapendpunay only he
geographical area in Texas, it may be inferred that acoustic nodels

cor r espspreéinchat @ teisliexana agleehit dlythb ehdppodpsdabilarieds Figadallitrateaanpl e, i f
the exchange nunber 330 corresponds to a region (e.g., Chinatown in New

Yor ks Ci I cul ar accent
(1. I~'5 : é)bé}r:prllérg ‘WF%VI n &Ly Vn%%w%ﬁ%gﬁm%?’éh%&wag%ég’ﬁe%g“:“. sh with

St TN grg%“%?ﬁ%?v’ﬁg Wb KB R 2L IR PEBASRE Gorea s

appropri ate [[00391 As di scussed earlje sel ec i on of acoystic nodels
dependsV# Wé‘flesdﬂp%bﬂli?éyléldge‘&?a}é‘ﬁéﬁya%‘f-&n st Y& Bllar%n @r 2Rt al so the
choi ce of vocabularies. Fig. 4 illustrates an 5 exenplary relationship

bet weenvorebdbtyl raay baveanalizatousinidifferontdhsguages orkbirsgampleadiggvioodivdatit of t he
present invention. The vocabul aries 230 includes a plurality of

vocabul 420 188y n¢ncie Bphaikl diekdcaioagDaEYglRh4REL vocabuleog abyl.arandn 430) .
Each vocabul ary may have realizations indifferent |anguages. For exanple,

g: gllq Vogabul gflgyt voéaﬁula%ymonc AR RRAN B el @t fo #RAIBUARINy 40 giveR] i Sh
language, a plurality of acoustic models corresponding 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 adaptation 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 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 calll context detection

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

selection of appropriate acoustic models (see Fig. 3).
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.10 Japanese digit vocabulary 460. In addition, wth respect to each
vocabulary in a given |anguage, a plurality of acoustic nodels
correspowvdiopigssen di fferent accents may be avail abl e. Forpdmsswanen2 for the
English digit vocabul ary 450, acoustic nodels corresponding to Spanish
accent (470), English accent 480, and French accent 490 may be selected

consi stent w t speech.characteristics of a.caller,. 15 4 To sel ect
appropri at evrgh%ds%@n ﬂf?cfé?eé‘,’e i c(,%ﬁsa(i@?e@ ngwcgedréeﬁ? o Fl%%m{agrr@%&%ni sm 170
may make the sel ection based on either the given_ information, such as the
sel ect iT#kegt seleciior.abe pdapjationgaechgyisena Openfelrdr Juringdthe stilboResfdchani sm 150)

and the information contained in a call context, or information gathered
on- t he-dhbmactesisiids fasmtihecallspe spdech lagavhethiestheaslletas edemaleforemalecal | er' s
speech. Referring to Fig. 2, the acoustic 20 nodel adaptation nmechanism 170

conpr i s@gal@ tﬁ@tQH? bErd®Ae! toSRé SabdtN. MR ABicEidd 2pékch chirasiREARi@rhon
mechani sm 280, and a coll ection of avail able acoustic nodels 270. The

acoys! | ot REH IPRCARRNARSIGPM 1 GBloYER S Rhiler HAME Hhat i

context ectlon ani sm ormatl on contal ne e call context

may be used to_determ ne_.a_. selection,of appropriate acqusiic nodels (see
Fly. 3 yeieaion s portRBate (e Uess Aot Qrrp U HORO0 e ke ved cal |
context does not provide needed information to neke a selectjon, the
adapt atmheshapiswr$Rimay Rgchstdpiogapten to seamhether Hiereisa langysge preference
characteristics fromthe caller's speech (e.g., whether the caller is a

f emal e agsocintedaivith apakeapakiehat threystbmer plofl@afatcdssed sing édrendiaimpie, aThe

det ect ed speech characteristics nay 5 also be used to identify information

in the AR§A0 ﬁttﬁéiczflyé&rﬁémj. [ @ik leSsel HRtseREBoRRIyHAmIcANY AeterRic@céd-on. For

exanple, if a female voice is detected, the acoustic nodel selection

Teq §ANI RINIOR Bt Rinb Bect B REABAARD of rc3iieitet her there i's a | anguage

prererence
[0042] A different exemplary alternative to achieve adaptation on-the-fly when

there is no information available to assist the sclection 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 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
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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associgted with a femal e speaker in the custonmer profile (accessed using,
for exanple, a caller IDin the call context). In this case, the selection
i s dynanPEut¥0gset er mi ned, on 10 the-fly, according to thecEpesaR12
characteristics of the caller. [0042] A different exenplary alternative to
achi eve adaptation on-the-fly when there is no information available to

assist the s Lon of acoustic nodels_is.to initially select a set of
acoustic nod +(§4%i\t[£‘8rfﬁ’ialn%n“ﬁﬁe§ fl@PifF%l,lfﬁzd}QﬁQfSPﬁé?PqSE? modelsaiustaddet i on
based on the on-line perfornmance of speech recognition. For exanple, given
an Engl peHeviesopdiml spersh agnoiaitipn perfermansalmay bawehs tospdate thewndedyingni sm 260
may initially choose acoustic nodels corresponding to English accent,

Spani shcatematprofited Foremxatmphs aentderBling cisteheri piéfileahdt yrigilafiohasgnacoust i ¢
nodel s are then fed to the automatic speech recogni zer 160 for speech

recogni idatibs ofany RALM g PhePRAGS d REAH Y B uRGRIINGEh leldnelignt accents).
The perfornmance neasures (e.g., scores of the recognition) are produced

duri bt tatkon chani sm 280 to

cval st AUPLAREIGML, Bl B POk Bpbetf RGRLALI AT, I IR € o .
The acopstic nodel s resulting.i.n poorer re nition  performance may not be
consi def B Waﬁgﬂr(fl?f@f’h Eﬁ%ﬁﬁgﬂspp@r%ﬁarhot“ﬁ%hoi‘g é‘ﬁﬁp%ﬂlrfgﬁpé celley ID) }Bﬁéh
on-|ine_adaptation naMonti nue until the nost appropriate acoustic nodels

are i dBispel pesgnt. 1 Spchapddrdpdamrtipaiv theossoor: prdfidondy beheed inthe on- | i ne
adaptation results (choices of acoustic nodels adjusted to achieve optinmal

speech fitwognhndefanltgeletibsmmith egspamyo bpartivathr kindufdpéset.he underlying
custoner profile. For exanple, an underlying custonmer profile that

original ly ham4apRigi BN &a&ﬁeﬁg)éﬁ MRAKhABPUBARCRY B SLRAGE AR §RreRls MY be

updated with the on-line 5 a ation resufts, together wth assocl ated

SRS, EBRABRAE S S50 0 ol R BRSSPk ER e,
iF Letrl ﬁg & Cc%pl%e'xt, %ggor}dllflrg)c%g Fa:r?gmlbggig{egtagf t?xg plrense;[lthlgvgn%f%ho n%rca lrig];ilrslt ?ecr;?%%e used
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 vocabulary
adaptation mechanism 160 dynamically selects an appropriate vocabulary according to a
206 call context, according to an embodiment of the present invention. Information relevant
to a call is received at act 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.
1s




future as a default selection with respect to a particular kind of speaker.
[0044] Fig. 5 is an exenplary flowhart of a process, in which a caller's
speech i wo ddssaecogni zed usi ng vocabul ary and acoustic noBetmsednatizare
adaptively selected based on a call context, according to an enbodi nent of
the present invention. Acall is first received at act 510. Information

rel evant to .l s then forwgrded, act 520, .fromthe voi

response sysh@fﬂﬁi?ég‘tfolsPﬂ@x%@gl‘:ﬁﬁ?@@@%%ai FRCHECRAS .Ousxlccr%%}elcont ext
is detected at act 530 and is used to select, at act 540, an appropriate
vocabul afgptatBmsserhspisahb/ idymsstiedlbyeglopscapiapaplp aspesticHaodrds withaerpee |
context, proper acoustic nodels are identified at act 550. Using such

sel ect eto ¥ 9oaibulasy Yased dntanallaoatext,iaccordie ts an timbodintenbraf ihe sgsertch
recogni zer 160 perfornms speech recognition, at act 560, on the caller's

speech. i1 QA& FA Qall Bohisx@hdaxRMetRvochbdNshafitst edcebref08@SA0. i Usifi ch t he
vocabul ary adaptation nechani sm 160 dynamcally selects an appropriate

vocapul C i i to jent  of
ho. br e Ol ERRH A S R et Pitbmi3Bh o) BEAAL 7807 VAR, ot
610. Based on the call inforpation, a cust r.,Rrof,i | e mayb efrieved at
act 620§P‘F€|°§ﬁh%rﬁge’8§}°t5 Oifﬂﬁfra% 8 e?ﬁamtea@Pg’:ﬁgtgﬁnefxcﬁ?s@rci]%%‘%lsaﬁ’ggﬁrfa cont ext
is detected, at act 630, and an appropriate vocabulary is selected

accor di aghppaeteadth Bge:ct Mribe giicacedbwart and thergpll coptext Haeluding the spseely) |
context, is then sent, at act 640, to the 25 acoustic nodel adaptation

mechani ghardatOristics d¥ecied/onaB8211) RSTeeldsRd/a09& 720[ 0046] Fig. 7 is an exenplary
flomchart of a process, in which the acoustic nodel adaptation nmechani sm

170 dynam calihoy7s ¢he @S af RREAPERHBW ARSI Srob@E Shsvivith hodabaReiet and 0 a
vocabul ary based on a call context, according to an enbodi ment of the

S R T e Y
BEGSIENER CRET R N S e e
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 2 high confidence is achieved
during the recognition, determined at act 840, current vocabulary and acoustic models are
continuously used for on-going speech. Otherwis.e, 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 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




appropriate with respect to the given vocabulary and the call context

(i ncluding the speech characteristics detected on-the-fly) are sel ected at
act 740.wpo4AF21Fig. 8 is an exenplary flowhart of a prae@sssesiomziahi ch
vocabul aries and 10 acoustic nodels used for speech recognition are
adaptively adjusted on-the-fly based on speech recognition per f or mances,
accordin enpodi ment , of t esent . i nvent.i.on tlvel sel ected
vocabul & Vt%r'i@rlﬁ‘é‘ggélﬂq TaVERS o) has EP@PﬁEqSPQlPe‘lrléetr?lflé’(}hHEfeéF 3 pgri‘l(gu *Ond then
used to recogni ze, at act 820, the speech froma caller. Performance

meas ur edrugiuses, getnamsimaaerals. thyinveatianigmebtodre liaiedio the aartisWarsar e used t o
assess, at act 830, the 15 recognition performance. If the assessnent

i ndi catdiscloded! bt rhihghcandnf dnalenide] ins widhiverieg of dumisngprhdef whichgmiyt beon,
determ ned at act 840, current vocabulary and acoustic nodels are

cont i m&gﬂ%‘ dlffb&%ﬁldfr&%rth% BB 8088 CboBhrhgivhiBextmaiabullagyivakgt acoustic
nndels h l ead to i nproved recognition perfornance are re-sel ected

! gl %%?d;% gl Bl bl i SRR M o byl oY

under | yi ng custoner profile. This nodel adaptation process nay continue
until the end of the call. [00481 Wiile the invention has been descri bed
with reference to the certain illustrated enbodi nents, the words that have
been used herein are words of description, rather than words of

limtation. Changes nmay be made, within the purview of the 25 appended
clains, without departing fromthe scope and spirit of the invention inits
16 WO 03/088211 PCT/ US03/ 09212 aspects. Although the invention has been
described herein with reference to particular structures, acts, and
materials, the invention is not to be limted to the particulars

di scl osed, but rather can be enbodied in a wide variety of forns, sone of
which nmay be quite different fromthose of the disclosed enbodi nents and
extends to all equival ent

17




.5 structures, acts, and, materials, such as are within the scope of the
appended clains. 17 WD 03/088211 PCT/ US03/09212 WHAT IS CLAMED IS: 1. A
met hod, wompossing: receiving a call froma call er associEBEOSWGiREza
custoner; fowarding relevant call information associated with the call; 5
detecting a call context associated with the call based on the cal

i nformat.ion; selectln at | east one vocabul ary according to the cal
contexf“qﬂﬁ% D85t east one acoustic nodel for each of the at |east
one vocabulary based on the call context; and recognizing speech content
of the call lush mgthdve cemptisiigt one vocabulary and the at 10 | east one
acoustic nodel. 15 20 2. The nethod according to claim1l, wherein the at

| east one vageaiuhghyal iffeh Hdalferaksdchigsltwislpaenabmen di gits vocabulary in a
particul ar | anguage, a letter vocabulary in a particular |anguage, a word

vocabul ary 'fewadbggfaa%ﬁéaﬂaﬂﬂﬂaaan 2A08aRdSANEME ¢aoCabul ary in a
particul ar | angua and the at | east one acoustic nodel representing a

specific accgnt .with W met hod
according t éie E BPgna f al ‘@g’gtl aﬁg?clln%edcg@ﬁtﬂ'w &?ﬁats&?‘%gﬂécf’% 2 mfoﬁnggs > some of:
selecting at least one vocabulary according to the call context;
identifying at least one acoustic model for each of the at least one vocabulary
based on the call context; and

recognizing speech content of the call using the at least one vocabulary and the at

10  least one acoustic model.

2. The method according to claim 1, wherein
the at least one vocabulary includes af least some of:
a digits vocabulary in a particular language,
15 a letter vocabulary in a particular language,
a word vocabulary in a particular language, and
a generic vocabulary in a particular language; and
the at least one acoustic mode] representing a specific accent with respect to a
particular vocabulary.
20
3. The method according to claim 2, wherein the call context includes at least
some of:
geographical information associated with the call which includes:

an area code representing a geographical area from where the call is placed,

18



geographi cal information associated with the call which includes: an area
code reg&sﬁgﬁéin a geographical area fromwhere the call is placed, 18 WD
03/ 08821 %803/ 09212 an exchange nunber representi ng PETGEOSPEIRI cal
region fromwhere the call is placed, or a caller identification nunber
representing a phone through which the call is placed by the caller; 5

cust omer i nf or mat ,P8 ASSECARE rdrbRntifea SHSHANREIMUIEH AoREHARThe N

account nunber representing an account using ich the customer places the
call, the ca&hﬁ% hgg?agfication nunber associated with the account;

cust omer charac grls’ics; or 10 an on-the-fly voice sanple used to eval uate
voi cecharacteristic 4, The nmethod acording to claim 3, erein the

cust oner char act ef Fé{eFé%eng sFpqEper feresenties & phensibroushyy ?}bthﬁtcaﬁeast
sonme: gender of at |east one caller associated with the custoner; 15 zero
or nore | anggadpesd byiheeatletini cati on preferred by the at |east one caller;

or speech accent with respect to the preferred | anguages of the at |east
one 5cal | er. dustofiee imfetrhaitbressaridedyithahetdiomd, whbeiilulesai d detecting a
call context conprises at |east some of 20 extracting the geographical
information of thg gabliniffuiPet RBrdshBUAM actllt u 1@%@1&1@&&1&%@&&90' ated with
the call: identifying the custofrer i|nformation Fr m a custoner profile
correspondi account nunber using which the custoner places the
call; or id he customer characteristics based on the speech of

t he custoner.

he
e fyit
the caller identification number associated with the account;
customer characteristics; or

10 an on-the-fly voice sample used to evaluate voicecharacteristics.

4. The method acording to claim 3, wherein the customer characteristics associated
with the customer include at least some:
gender of at least one caller associated with the customer;
15 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.

5. The method according to claim 4, wherein said detecting a call context
comprises at least some of’
20 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.

25
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25 19 WD 03/088211 PCT/ US03/ 09212 6. The nethod according to claim1,
further caonprising: accessing the perfornmance of said recognizing;

r e- sel ectOrlg"8%21] east sone of the vocabul ary and the acouRtT/UShdel2s t hat
correspond to better performance of said recognizing according to said
assessing. 5 7. A nmethod for selecting an appropriate vocabul ary,

conpri si ng: J V] i irO E o a call placed by a
cal l er assocdlgﬁgééﬁémﬁtgﬂ%gwr%%gﬁgﬁle% I?Q{Hrhl’%}e%m?#! t he cal IO i nfor mﬁti on

provi des appropriate identificatio a customer 10 profile, accessed using
t he appr opriaﬁf'%sﬁngéﬁ?P?r?‘%}-ﬁiiap%%&tstabd%ﬁ?%r?ﬁnﬁustorrer i nfformation; detecting

a call context associated with the call based on the call information and
t he cust onereisplegingatilenst sapeloSihe vetabmlpraandBsrasprstistreoddde BBl ary based on
the call context. 15 8. The nethod according to claim 7, wherein said

det ect icogresponpto beiter peefotmace iofigaid eewgaizigoakomling wskhohessedsimfzor mat i on from
the call information; obtaining custoner information fromthe custoner
prokile; or detecting caller characteristics based on the speech of the
caller. 20 9. A nethod for selecting an appropriate acoustic nodel,

CorPL 0%, 7 F RN SEa AR Rhiny S ounly Lapgrnal, o pced Y o
| east one acoustic mpdel wiih respect Lo the ypeabuhary baser, gn,the a
customer;
retrieving, if the call information provides appropriate identification, a customer
10  profile, accessed using the appropriate identification, to obtain customer information;
detecting a call context associated with the call based on the call information and

the customer information; and

selecting an appropriate vocabulary based on the call context.

15 8.The method according to claim 7, wherein said detecting comprises:
extracting geographical or customer information from the call information;
obtaining customer information from the customer profile; or

destecting caller characteristics based on the speech of the caller.

20 9. A method for selecting an appropriate acoustic model, comprising:
receiving a call context, relevant to a call placed by a caller associated with a
customer, and a vocabulary; and
selecting at Jeast one acoustic model with respect to the vocabulary based on the a
call context.

25
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25 20 WO 03/088211 PCT/US03/09212 10. The nethod according to claim?9,
wherein said selecting includes at | east sone of: anal yzing rel evant

cust omer WOHBEFHAt i on contained in the a call context; andPCHES®821i ng t he
speech characteristics of the caller fromthe speech of the caller. 5 11. A
met hod for adaptively adjusting vocabulary and acoustic nodel selection,

conprising: pErieL MeAthdSReGahy 8 CRARAIJ, Herdis 5418 s@kcthRAntluaseat IQsaRIHAr y and
associ ated at | east one acoustic nodel, selected according to a call

context related to a call froma caller, on 10 the speech fromthe caller;
assessiﬂg t he performance of the speech recognition with respect to each of

the at | east one vocabul ary and each.of its associ ated acousti nodel s;
and re-sel ecﬁ?aﬁﬁzlﬁg\rq}%‘@&f @H%I%‘??dBfﬂ“HWObeonéﬂnE%H’aﬂc’Ea C3 GO e A bdel based

on assessed speech recognition performance so that said perforn ng speech
recogni tion deemninbeg thaspdcel charactenstica of Hhy aaHer fipmdhespepddafie srlerand t he
updat ed acoustic nodel. 12. The nethod system according to claim11,
further conprising: updating a custonmer profile, associated with the
caller, based on the updated acoustic nodel. 20 13. A system conprising:

a cal ler for Tl Ngndd & dda SRRRGDHBAAGHnt 1205usHB GIRRI SR,
J
recogni zi ng the speech of the cal Per  usi ng at
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
10 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

15  out using the updated vocabulary and the updated acoustic model.

12. The method system according to claim 11, further comprising:

updating a customer profile, associated with the caller, based on the updated
acoustic model.

20

13. A system, comprising:

a caller for making a call; and

a speech recognition mechanism for recognizing the speech of the caller using at
least one vocabulary and at least one acoustic model selected adaptively based on a call

25  context associated with the call and the caller.
21




l east one vocabul ary and at | east one acoustic nodel sel ected adaptively
based on a call 25 context associated wth the call and the caller. 21 WO
03/ 08821WOBB1BIEH3/ 09212 14. The system according to cl ai ETASOIMEt2ei n t he
speech recognition nechanism conprises: a vocabul ary adaptation nechani sm
for detecting the call context and for 5 adaptively selecting the at | east
one vocabul ary based on the detected call context; an acoustic nodel
adaptati on mechanismfor dynamcally selecting the at | east one acoustic

per formance. 1 1pem bRl t i If W oA hatish C o

speech recogni zer for perform ng speech recognition on the speech of 10

t he cal fERPEE¥Png the at | east one vocabulary and the at | east one acoustic
nodel . 15. A vocabul ary sel ection nmechanism conprising: a call context
det ecti on neemagabstary edaptidicacpéahgniamdar fleteasimgehe chewmdedrandddrevant
informati on associated with a call froma caller; and 15 a vocabul ary

sel ezt i giptivahasicamd BE abRhaGhE REcanl2p PiRhonahe dvoctad uhlcyntsed  on the
call context. 16. The nechani smaccording to claim 15, wherein the call

context det egf 'ac%sﬁﬂ%tzi@%% afl61 ﬁfé&ﬁmﬁéﬁ?f&itgﬂ?ggmv%iilgﬁé1faﬁ§geﬁeaﬂlea§t dngast

sone of: 20 geographical 1 nformation associ he Tcal | ; custoner

i nf tion.f t . ilet i th |1 ' ted
wth: oo dndiSs SRt Pt 5 OB S R o U BB et oo
fromthe speech of the caller. . L

of the speech recognition mechanism is optimized;

an automatic speech recognizer for performing speech recognition on the speech of

10 the caller using the at least one vocabulary and the at least one acoustic model.

15. A vocabulary selection mechanism, comprising:
a call context detection mechanism for detecting a call context based on relevant
information associated with a call from a caller; and
15 a vocabulary selection mechanism for selecting an appropriate vocabulary based

on the call context.

16. The mechanism according to claim 15, wherein the call context detection
mechanism detects the call context based on at least some of:
20 geographical information associated with the call;
customer information from a customer profile to which the caller is associated
with; and
acoustic characteristics associated with the caller and detected from the speech of
the caller.

25
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25 22 WD 03/088211 PCT/ US03/09212 17. An acoustic nodel adaptation

mechani sm_conprising: an acoustic nodel selection nechanismfor adaptively
sel ecti nyPd''P¥aLt one acoustic nodel based on a cal |l cdifie¥s0368p213 cal |

pl aced by a caller; and an adaptati on nmechani smfor dynam cally updating
the acoustic nodel selection 5 nmade by the acoustic nodel selection

nmechani sm bagedagBacduiflc RRIGEL4JEPRAGEN MecBihisAUdFidig: Speech recogni zer to
generate an updated acoustic nodel. 18. The mechani sm according to claim

17, wherein i j . ' r. POt associ at ed
W in the cal P RaREhRUAYARGIATEEMU IS Fhpfvah Shonls fiakl o

machi ne- accessi hl e nmedi um encode i th data,.the data, ,when accessed,

causi ng.a“%“éﬁ%f”\?aﬁ@i’aﬁ“g%Pcﬁra‘?ﬁa‘q@?ﬂ%‘}l Pgags%lemca ofih a cust omer:
fowarding relevant call information associated with the call; 15 detecting
a cal | cont eR® aggpigomanechanismror Agnapaicallibyxiating the aseugtis modaselestian on;

sel ecting at | east one vocabul ary according to the call context;

i denf i f yadgbmthe azasiticonedd saastioncmedidelsnf ased ax thegferfolmante dfeast one
vocabul ary based on the call context; and recognizing speech content of
the cal hutdgiaig@siddeh Alcobfiddtio @BRerdRGANIPIAEY ashidiit Abdel. 20 | east one
acoustic nodel. 25 20. The nedi um according to claim 19, wherein the at

| east one vocabul ary includes at | east sonme of a digits vocabulary in a
parti cul ar | anguage,

18. The mechanism according to claim 17, wherein the adaptation mechanism

updates a customer profile associated with the caller based on the updated acoustic model.

10
19. A machine-accessible medium encoded with data, the data, when accessed,
causing:
receiving a call from a caller associated with a customer;
fowarding relevant call information associated with the call;
15 detecting a call context associated with the call based on the call information;

selecting at least one vocabulary according to the call context;

1dentifying at least one acoustic model for each of the at least one vocabulary
based on the call context; and

recognizing speech content of the call using the at least one vocabulary and the at

20  least one acoustic model.

20. The medium according to claim 19, wherein
the at least one vocabulary includes at least some of:
a digits vocabulary in a particular language,

25 a letter vocabulary in a particular language,
23




.a letter vocabulary in a particul ar | anguage, 23 WO 03/088211

PCT/ US03/ 09212 5 10 15 a word vocabulary in a particular | anguage, and a
generic Y&tBIE¥AEy in a particular | anguage; and the at | BEEUSHH®2Eousti c
nodel representing a specific accent with respect to a particular

vocabul ary. 21. The nedi um according to claim 20, wherein the call context

includes at |east ;gefEv@abubBPE ARMiGAAr IhAdREEBNHON associ ated with the
call which includes: an area code representing a geographical area from

~Wwhere the call is {)%%%ggwfﬁlhslﬁg%pgggﬁiCMr a%grgéggﬁéenti ng a geographi cal

region fromwhere cal I"ac or a ridentification nunber
representing ﬁonethrou g\/\/nic the call is. placergb t he |l er;
cust oner | nf oPFEL IET, oS SERIHE AP TR ATPSRIEE ARRTRAMIEFRER 2 an
account nunber representing an account using which the customer places the
cal |, t hearieeularerocitadaryi fi cati on nunber associated with the account; or
custoner characteristics. 20 22. The medium acording to claim 21, wherein
t he dustomer characteristics associated with the custonmer include at |east
sonme: gender of at |east one caller associated with the custoner;
21. The medium according to claim 20, wherein the call context includes at least
some of:
geographical information associated with the call which includes:
an area code representing a geographical area from where the call is placed,
10 an exchange number representing a geographical region from where the
call is placed, or
a caller identification number representing a phone through which the call
is placed by the caller;
customer information associated with the customer which includes:
15 an account number representing an account using which the customer
places the call,

the caller identification number associated with the account; or

customer characteristics.

20 22, The medium acording to claim 21, wherein the customer characteristics
associated with the customer include at 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 caller.

25
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zero or. nore | anguages for communi cation preferred by the at 'l east one
caller; or speech accent with respect to the preferred | anguages of the at
| east on®OLF8! 25 24 WD 03/088211 PCT/ U503/ 09212 23. THE W00
according to claim?22, wherein said detecting a call context conprises at

| east some of: extracting the geographical information of the call fromthe

rel evant cal b3 ik ofdRirh QBcR898 ¢ 8laBH 2 WierbtRSatBddtoctmglat@Nidobhiekng t he
custoner information froma customer profile correspon§| ng to the account

nunber usin Leh t custonmer places the call; or identifying the
custorrercglgﬁgic”e\gsqtdtgeralstsﬁ%?%es&%ased on the speech of the custoner. 24. The

medi um according to claim1l ,,%a;he dat a, \?/rfn ?lc essed, . further causing: 10
Sl g

accessing t h&XEeitngths geasrarical idomastiog BEERE, | east some
of the vocabulary and the acoustic nodels that correspond to better

per f or minfoanaionsmsaristed vighiths emdl;according to said assessing. 25. A

machi ne- accessi bl e medi um encoded with data for selecting an appropriate

15 vecabul ar ydentifigng dieccusiohesn igfoaestiadron ausstogier pedre vormngpoadihg tofher mat i on
relevant to a call placed by a caller associated with a custoner;

retri eviiguni fuhhe vshle whilh a{er@tsﬂo%r@ra@aé @esa@rpr opriate i-dentification, a
customer profile, acCessed using thé appropriate identification, to obtain

e
custoner infoQ i.on:, 20 detecting a_.call context a j,at ith the call
based on thel‘ieg?i%ylfl%}{?rc %Wﬁcé%age?ﬂgsi)ﬁ%e @r?etge %%chﬁﬁgth%gﬁ?w‘lﬁﬁ sel ecting
an appropriate vocabul ary based on the call context.
24. The medium according to claim 19, the data, when accessed, further causing:
10 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.

25. A machine-accessible medium encoded with data for selecting an appropriate
15  vocabulary, the data, when accessed, causing:
receiving call information relevant to a call placed by a caller associated with a
customer;
retrieving, if the call information provides appropriate identification, a customer
profile, accessed using the appropriate identification, to obtain customer information;
20 ’detecting a call context associated with the call based on the call information and
the customer information; and

selecting an appropriate vocabulary based on the call context.

26.The medium according to claim 25, wherein said detecting comprises:

25 extracting geographical or customer information from the call information;
25




26. The. medi um according to claim25, wherein said detecting conprises: 25
extracting geographical or custoner information fromthe call information,;
25 WD 03M98B23$821bbt ai ni ng customer information fromthe ceET/OREpr0fil e;
or detecting caller characteristics based on the speech of the caller.
PCT/ US03/ 09212 27. A machi ne-accessi bl e nedi um encoded wth data for

sel ecting an ropriate .5.acoustic del ., the data, when accessed,

causi ng: rec8€@ﬁﬁ@£&u5€%ﬁlﬁ;’r188}ﬁ‘?@§?q ?@qg?/ﬁ?ﬁtorp%rpa{oﬁ P pl aced by a caller
associated with a custoner, and a vocabul ary; and sel ecting at | east one
acoust i ¢ nodépteglingralles psacteristichbased oa bg Wwegehuelstba calleTt he cal | context.
10 28. The nmedi um according to claim 27, wherein said selecting includes at
| east sone of: anal yzing rel evant custoner information contained in the
call context; and determ ning the speech characteristics of the caller

fromthe speegh OakhReGatdssible thadid enfodBIGHILH Eatd Fiesidcing anapproprigecoded
with data for adaptively adjusting vocabulary and acoustic nodel

sel egti ?@g@@ﬁog@t fhe r""h%ﬁ%g%"%%%yﬁ sing: perform ng speech recognition

using a oné vocabul ar ssocrated at | east one acoustic nodel,
sel ected according to call context related fo a call fr. a.caller, on
30 the. speccrerivih & il v efetatia arl Bl s etk Fib X pocen
recognition with respect to each of the at |east one vocabul ary and each
of its eustuusratidi veesbylars asddel s; and

selecting at least one acoustic model with respect to the vocabulary based on the

call context.

10
28. The medium according to claim 27, wherein said selecting includes at least
some of:
analyzing relevant customer information contained in the call context; and
determining the speech characteristics of the caller from thé speech of the caller.
i5

29. 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

20  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

25  out using the updated vocabulary and the updated acoustic model.
26




re-selecting an updated vocabul ary or an updated acoustic nodel based on
assessed speech recognition performance so that said perform ng speech
recogni t VYO '82b be carried 25 out using the updated vdsABUSEMNY21and t he
updat ed acoustic nodel. 26 WD 03/088211 PCT/ US03/ 09212 30. The nedi um
system according to claim?29, the data, when accessed, further causing:
updating a custoner profile, associated with the caller, based on the
updated 5 acoustic nodel. 10 15 20 25 30 35 27

30. The medium system according to claim 29, the data, when accessed, further
causing:
updating a customer profile, associated with the caller, based on the updated

5 acoustic model.
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