AUTOVATI CALLY UPDATI NG LANGUAGE MODELS Background of the Invenz't@q 1. Field
tati '

of the Invention This invention relates generally to speech di bn5>§5'w
systens, and in particular, to a method for automatically updati | anguage
nmodel s in speech recognition engines of speech applications during gessions
in which speech misrecognitions are correected. 2. Description of Rélated
Art I nprovements to correction in speech dictation systens provigle an
important way to enhance user productivity. One style of inprovéhgﬁﬁzﬁs to
offer power users the Apmd\XTiOAPYSEHARIGE @AN?@A@%WO@JEL{SM ed text,
bypassing interaction wth correctron dralogs. Unless The system nonitors
changes and deci des which are corrections to be sent to the speech engi ne
for processing as corrections, and which are edits to be ignored by the
system t ung ofithgdnventian ve the benefit of continual inprovenent in

recognition acqur éf.o GBER when the engine receives correction

i nformati on. Ce= the Invention The inventive arrangenents
have advant agesTHy pivedtibn pélatedges@rallged spsedredibraidni systdeedhdiinct at i on
systens now used and provi des a novel and nonobvi ous nethod for updating

| anguage madiguan, to apaelhrdfet ayiomatinally HgHabRg iANgsGee Modsplin 8peedns duri ng

o thout 1 9ERaHEch, BAGEES o sBREER ABblerERs g YeRERTEn Mg SRR ny

| anguage mRidadcoghitRngRreCor@edd.cation during a correct ion session, in
accordance with the inventive arrangenments, conprises the

2. Description of Related A

Improvements to correction in speech dictation systems provide an
imbo_rtant way to enhance user productivity. One style of improvement is to offer
power users the ability to make changes directly to dictated text, bypassing
interaction with correction dialogs. Unless the system monitors changes and
decides which are corractions to be sent to the speech engine for prbcessing as
corrections, and which are edits to be ignored by the system, the user will not )
receive the benefit of continual improvement in recognition accuracy that occurs

when the engine receives correction information.
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steps of: automatically acoustically conparing to one another audi o of
originally dictated text and audio for replacenent text; and, automatically
updating the | anguage nodel with a correction if the acoustical conparison
i s close enough to indicate that the new-audio represents correction of a
m srecognition error rather than an edit, whereby the |anguage nodel can be
updat ed wi thout user interaction. Jlamaes bbtheclarehtisd her conprise the steps
of, prior to the conparing step: detecting, replacenent of the originally

dictated text wilte R¥RNYvS@rapagmenshiarg ahanNAIeE A8 3l rresent erertdno and
o ) _ EEX ; 2 . !
the step of PGS i 3Baech VRO GRISMOpaN ARed Ty HRVHAS M pitERare D POTPT 20

conpari ng stomoberusanethiodSer updatiigelangodde freidelstinndpeechvretdgnitiomgngimed of
the new text, is out of vocabul ary; anpd, 1f no the word is out of

vocabul ar y,of $PEEFR BRElIE3tons HYNESRSEONTEn Whighereer amIAraeqsibens A@

conparing g, | -\ ., determ ning
whet her amslé o\?\x;)ér%g%% ut%ﬁgg?'ﬁ%\\)\y ?«ét@%ﬁﬁg%g@{l ggfn@%/ééigtgﬁgtw}; &F?)Q%Oex any word is
out of vocabul arA methbé fon updadingfa hng@%émweﬁm alsheeoin gppldationsduwing £d

outside of the vocabul ary; and, if the baseformfor the an¥qjv\ord Is stored

out si de of GFEECHEBASSSRNY IN EGardansgywith the inveptive srrapaeaepiy LoaIsisesbe t he

comparing s 'h ' ' Qb

det or i ni g aRePhor AR RNE S35 hatR e paloS Rk SN AUEERL Biginaly e
any word i sdigtstedtext @pdtuudis Sor réplacement et dndd awerabticanyfupdating teey word
Is stored outside of the vocabul ary; REPLACEMENT SHEET -3- and, if no

t he basef orlangeage MEdghyvithics eorrectiondf B¢ anausticRl GAMpaisonde siRReaeRugh to
indicate that the new audio represents correction of a misrecognition error.rather

than an edit, whereby the language model can be updated without user
interaction.

The method can further comprise the steps of, prior to the comparing step:
detecting replacemént of the originally dictated text with new text; and, saving the
originally dictated audio and the new audio for use in the comparing step.

The updating step can comprise the step of adding new words to a
vocabulary in the speech application.

| The comparing step can comprise the steps of: determining whether any
word of the new text is out of vocabulary; and, if no the word is out of vocabulary,
utilizing existing baseforms in the vocabulary for the comparing step.

The comparing step can comprise the steps of. determining whether any
word of the new text is out of vocabulary; if the any word is out of vocabulary,
determining if 2 baseform for the any word is stored outside of the vocabulary;
and, if the baseform for the any word is stored outside of the vocabulary, utilizing
the out of vocabulary baseform for the comparing step. ‘

The comparing step can also comprise the steps of. determining whether
any word of the new text is out of vecabulary; if the any word is out of vocabulary,
determining if a baseform for the any word is stored outside of the vocabulary;
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deferring generation of a new baseformfor the any word. The conparing step
can al so conprise the steps of: determ ni ng whether any word of the new
text is out of vocabulary; if the any word is out of vocabul ary,
determining if a baseformfor the any wdrd is stored outside of the

vocabul ary; if no the baseformfor the any word is stored outside of the

vocabul ary. Hengraliha%-2enei BRERS 8hyHRYis SheA IR 8 ti&Vbeabllibly 2 ng. t he

new basef orm he "conparing step conparing step can a onpri se
the steps ofdeferehggeneraiignvdfet hew basgfomorfar tae anlyeverdw text is out of
vocabul ary; if t any word i,s out agf vocabul det asef orm

for the any word i BRUYNGPERIEE 370 FHEPNRS ’iﬁtﬁt%ﬁsyogarci&?rﬁ@g'ﬂaé’ﬂ?%g?ﬁ for
the any V\Drchriyswérﬁ%ﬁﬂe ﬂlé{«ﬁtbﬁﬁs@utbh%é@b@%bwﬁmé an:ytwéﬂdastagt M\%cﬁﬁhlaf% ihe

vocabul ary baseformfor the conparing step; and, if he baseform
any word is catarmamngufabaeebrmtfneth@mbmrans'stom@d eu%idegofqenepaabmoﬁ a new

ctops of - APy iy nf WRRTI g0 RS R P oLl ‘sgf@diing® "¢

vocabul ary; rdw bhsefar fothe dny word; ahd \nzRg tive Mewdrisefoinfonthel dondpdtitgef or m
for the any word is stored outsi de of the vocabul ary; if the baseformTor

the any wor BB stored outside of the vocabulary, utilizing the out of

wor d 15 St or e oul 8 oA SRPREE| 1%k B RBrss belfeke B MRTMR N, “The

any word; anghy wéid 6fahe heWexhgvodtas ebeabuldrey if tHeeamONpRY is @it of edtabliiey,
conmparing step can conprise the step of conpari ng respective basef or ns of
e

originally cme,teamam%a@@sammrfepﬂ@cmw@ $§%ore UEﬁ*‘?Qg@fntéﬁlV@CGb‘dﬁm éd
words, for examlsetht far the Mg ok I diblebY%utside ofthe vocabulary, utilizing the out

of vocabulary baseform for the comparing step; and, if no the baseform for the
any word is stored outside of the vocabulary, deferring generation of a new
baseform for the any word. |

The comparing step can also further comprise the steps of. determining .
whether any word of the new text is out of vocabulary; if the any word is out of
vocabulary, determining if a baseform for the any word is stored outside of the
vocabulary; if the baseform for the any word is stored outside of the vocabulary,
utili;zing the out of vocabulary baseform for the comparing step; if no the baseform
for the any word is stored outside of the vocabulary, generating a new baseforrﬁ
for the any word; and, utilizing the new baseform for the comparing step.

The comparing step can comprise the step of comparing respective -
baseforms of originally dictated words and replacements for the originally dictated
words, for example with a DMCHECK utility.
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Brief Description of the Drawings A presently preferred enbodi nent of the

i nventive arrangenent and an alternative enbodi nent of the inventive
arrangenment are described in the drawings, it being understood, however,
the i nventive arrangenents are not limted to the precise arrangenents and
instrunentalities shown. Figure 1 is a f4ew chart illustrating the flow of
program control in accordance with one aspect of the inventive arrangenents
when repl acenent text has audio. Figure 2 is a flow chart illustrating the
flow of programcontrol in accqrdance w th apother aspect of the inventive
arrangenments when repl acenent &sC tion or typing.

REPLACEMVENT SH : | i : di ment
A ot hod for aut Braery s e A FEHRRE df he MR dvearRiesiaraair el ment <

appl i cat i caiternativecernbddinventwsfithe inventive Erangeanertrayedestribed ir tHeust r at ed by
flow chart 10.in Eigure 1. From ck 11, a speaker undertakes a

\ m start bl . e
speech recHgHingsoH %Pﬁﬁeﬁt@w-}%@éh&§dﬁl’?6@ﬁ a&ans.efasetﬁ LM with the

step of blpg: | . : ; Wjtially detects
whet her or’ﬁ@'ﬁ%ﬁtygmr%ggfe ?&ﬁ%@%{m%ﬁ%@&éﬁst&%ﬁg}%@%@{Egb@{n(:t ation. If so,
the met hod br angibase dis pflow ¢Rart diushating e Hbwhdfqrsgiin cohtrohincteadarscet he
original and replacenent audios, In the step of block 18, the system

det er ni nesWifhenB@sPackeldbe nvents arardeneriswhen prplaenenhiexd hagiawgio.audi o
dth | adi > . i
Dath 16 1ot he EUte 21 ou Eoft fIBREHBMENGH o dpatai IO, SBRGAlEe "

nmodel is upifatedihsaraspebeoftberinesmntive artdngementd Wwieen replacement text is
obtained by dictation or typing.
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appreci ated that the | anguage nodel consists of statistical information
about word patterns. Accordingly, correcting the | anguage nodel is not an
acousti'c correction, but a statistical correction. Subsequently, path 17

| eads to the step of block 22 which det-écts whether nore input is available
for evaluation. If a close match does not exist, the method branches al ong

path 21 which | eads dir @etail efertedPmbatiméntdet ect s whet her

for eval uat i on PRIGERh sR% el Bt Ra 14 go5 BR08s ' RSrd2s of bi ock
12. Qther Wp?ﬁ’catfdh?id@ééb?@a@é@%ﬁ% iAPeRlartnd SmBhOSKiIdétratel KAk dance

with which the nethod ends. If the originally dictated text has not been
repl aced whartdiCcindtigene, 1.i Fremsdad hlook 14, ehspdekedendertakes aspeethdeci si on

bl ock 14, the nethod branches on path.15.t0.the step of.block, 26 i ch
ndi cat 66 "EARTILSHRHTD A oo BeRPRRIC Rt st s ahes with i st peblock
appropriatye@ for use. Thereafter, path 27 |eads to decision block 22,
descri bed above. An alternative nethod for automatically updating |anguage
nmodel s in a spéetie stepl dfddoclond, the systeon datfally detettsamtuather origimalty i ve

arrangenen | S -6 - illustrated Jow.chart 30.in Figure 2. From
startgbl oé:{w\a,{f,d texthas Reen (ﬁ@@)’? K@sé)‘éagﬁ%géﬁor ﬁﬂ'tqdo?f‘ag@égﬂi 8A RAthh a
speech appla ' | T- % ' ' ..step of
G o1 on PIESRhk fer f BIBER1EE DR biripdr2 (e SRgRial B iepid€emteht a0 P 0L
text has bedre stepl ofddock 8 theaystam detdriningsewbethsir zatibye dcotsticematafxt has

t b | it N t,,.th th b h . t 35t th t
not been SR aceR it DSk a gl e TR od D anclieson pLh 35 Lo e ster
I'f addi ti ei@dts] thBthethdd Brahéra 6n bath B & il 4teB of bk ™3, R GcBoAIATRES ON

with which the language model is updated with the correction. 1t should be

appreciated that the language model consists of statistical information about word
patterns. Accordingly, correcting the language model is not an acoustic
correction, but a statistical correction. Subsequently, path 17 leads to the step ot
block 22 which detects whether more input is available for evaluation. If a close
match does not exist, the method branches along path 21 which leads directly to
the step of block 22, which detects whether additional input is available for
evaluétion.

If more input is available for evaluation, the method branches on path 23
back to the step of block 12. Otherwise, the method branches on path 25 to
block 24, in accordance with which the method ends.

If the originally dictated text has not been replaced via dictation, in
accordance with the determination of decision block 14, the method branches on
path 15 to the step of block 26, which indicates that the method described in
connection with Figure 2 is appropriate for use. Thereafter, path 27 Iéads to
decision block 22, described above. '

An alternztive method for automatically updating language models in a

w
O

speech application, in accordance with another inventive arrangement, is
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path 59 back to the step of block 32. OQtherw se, the nethod branches on
path 61 to the step of block 60, in accordance with which the nethod ends.
In the.step of block 34, if the originally dictated text has been repl aced
with new text, the nmethod branches on’ga'th 33 to the step of bl ock 36 whi ch
saves the text and aydi o of, the al. tex ves . the replace text
and, if avéﬂﬁ!séfﬁfer-? by, 9‘@§hﬁﬁe3q' ‘é’p’?‘&t‘&]@ %’%&#@ E%ﬁgﬁéngtﬁpﬁgg rt‘é

deci si on blghectB rbeégrﬁnamg%én ViR DEEEEh A pfBattin Wae;cbmm@wmet ext is
avai lable. 1f so, the method branches on path 39 to the step of bl ock 40,

i n accor darstep of blockAR2c Hn the step Qg‘ldﬁﬂswudpok 34, thengystera initaliyietectsef or m of

meani ng ¢ nonrapeGionly dieeled B RS TR stalited T It M8 B¥dheRls"on

path 47 to dittated @Rt Bis RbOSéerbibpladedeiPheanes, wid mettidctranchesed patn f or
t he replacenent text is generated. The basef or m can be gener at ed y using a

t ext - t 0- spedTIP *@ﬁgﬁtﬁfﬂaOf)b'O% 5gunich dgtactsyhether more irrughs Axailalig foron engi ne.
Th f
Ater the TR, LA S yatdbhh R svaRiaiof ineTHEMBUBTNHRE e,

there is a pdths9 muetthestatofrblbemeemméms& itye nedthad Brancheg ohipath@gef orm
of the replacenent text, in accordance with the step of decision block 42.
It a close twdhestenpkeleck fiﬂemmqeaéansaeawﬁhwalcsﬁh@methqqeﬂsst he step of

Dbe ot on. "o B8RS OB LY LB UAIRIAGEEPAR pyd ol AL Ui e

above. |f anelded, thetmbthddesranchesean path 3o tnetstepl obblack Bésmabtmagvmtﬂe 43

\%;te C;[ L.ydt g]elt:FEgné tgﬁgiooc];f tRe %%Emg?tef & lv%'s, teéj reap é)é/eermntl%eh L ava‘lcl'la_ﬁg:r
sév_es the replacement audio. The ensuing step of decision block 38 tests
whether a pronunciation of the replacement text is available. If s0, the method
branches on path 389 to the step of block 40, in accordance with which the original
audio is compared to the baseform of the replacement text. If the replacement
text baseform is not available, meaning the replacement text is out of vocabulary,
the method branches on path 47 to the step of block 50, in accordance with which
a baseform for the replacement text is generated. The baseform can be
generatéd by using a text-to-speech engine or by user training of the speech
recognition engine. Thereafter, the method leads to the step of blgck 40,
explained above. . |

After the comparing step of block 40, a determination is made as to
whether there is a close acoustic match between the original audio and the
~ baseform of the replacement text, in accordance with the step of decision block

42. If a close match exists, the method branches on path 41 to the step of block
44, in accordance with which the language model is updated with the correction.
The ensuing path 45 leads to the step of block 58, explained above. If a close
match does not exist, the method branches along path 43 directly to the step of
block 58, explained above.




1. A nethod for updating a | anguage nodel in a speech application during a
correction session, conprising the steps of: automatically acoustically
conpari'ng to one another audio of originally dictated text and audio for.
replacenent text; and, automatically updating said | anguage nodel with a

co_rr'ection i f said acoustical conparison is close enou " ' I t
ot et o Sppeppemmgpicert o o ,n o ccoon' AR IRIEL M
interaction. 2. The nethod of claim1, further conprising the steps of,

prior to said conpari n%pzt ep: detecting replacenent of said original 'IMX

di ctated text withAreethogdder updating ajanayagainaoes!iigasReeFnARMIGAERN dui® and

said new al%@:&r onuéfssid}\ %%I &Q’ﬁﬁ{%ﬂg ;ng. 3. The method of claiml,
1d-u { I ses &PL P8

wherein sa P Ing step Cco ép of adding new words to a

vocabul ary in saadosatiesily agnistically oompdring treone ahotheofaudicdfordginaiher ei n
sai d conparing step conprises the steps of: determ ni ng whether any word of
sai d new t egictated toxt apd ausiafanrapiacement ted &l sai d word is out of

comparing st op.  ARCRRIEAAChRAMIERU MR AR B Fo0BRI0 e, o,
conpri ses  tf@ustieiscompartitinsisraigieignavist todndieate that Saidfnevraddivaeptasents S

out of vocabulary; if said any word is out of vocabulary, determning if a
basef or m f ogoreegtiennfya MisPeREENENT egRERther than an edit, whereby said language

model can be updated without user interaction.

2. The method of claim 1, further com;?rising the steps of, prior to said
comparing step:

detecting replacement of said originally dictated text with new text; and,

saving said originally dictated audio and said new audio for use in said

comparing step.

3. The method of claim 1, wherein said updating step comprises the étep
of adding new words to a vocabulary in said speech application.

4. The method of claim 1, wherein said comparing step comprises the
steps of:

determining whether any word of said new text is out of vocabulary; and,

if no said word is out of vocabulary, utilizing existing baseforms in said
vocabulary for said comparing step.

5. The method of claim 1, wherein said comparing step comprises the
steps of: '

determining whether any word of said new text is out of vocabulary;

if said any word is out of vocabulary, determining if a baseform for said any




word is stored outside of said vocabulary; and, if said baseformfor said
any word is stored outside of said vocabulary, utilizing said out of -
vocabul ary baseform for said conparing step. 6. The nethod of claimb5,

wherein said updating step conprises tige step of addi nglﬂﬂ ﬂmr n/ﬂllﬂum
sai'd vocabulary. 7. The nethod of claim1, wherein said y ¥
conprises the.steps of. .determnin et her any word of said newtext i's
out of voéfva%@llsa?tﬁ!?eq Pugsééj%og'?ﬁ@d\mF%bngoaﬁd'of vocabul ary, determining if a
baseform for sgishidbisarerd fbessiUngdvardtis sired busidalol saldvacabilanand, if no
said baseformfor said any word is stored outside of said vocabul ary,

def er ri ng ujkizing saideutsrf vecabwlanabasafeim farsaidhFOMAATNGSt8P: 8. The net hod of
claim1l1, wherein said conparing step conprises the steps of: determ ning
whet her any word of said new text is out of vocabulary; if said any word is

out of vocabul & yThelaiethad of @i 5, wheasie saidnugdatingaitep eomprises! the stepor ed
out si de of said vocabulary; if po said baseformfor said any word is stored
out si de ofof 28dingvaridBaY A¥ard 1g St ¥GaRyladY.-new basef orm for sai d any word;
and, utilizing said new baseformfor said conparing step. 9. The nethod of
claim8, wherein said updating step conprises the step of adding said any
word to sai d vakabiw ansthod @f clEie reiheoein shicctamparing steprenmprisesttheonpari ng
step conpri sesB{_jhe steps of: determ ning whether any word of said new text

is out of UBR%BLIary;
determining whether any word cf said new text is out of vocabulary;

if said any word is out of vocabulary, determining if 2 baseform for said any
word is stored outside of said vocabulary; and,

if no said baseform for said any word is stored outside of said vocabulary,
deferring generation of a new baseform for said any word.

8. The method of claim 1, wherein said comparing step comprises the -
steps of;

determ'ining whether any word of said new text is out of vocabulary:;

if said any word is out of vocabulary, determining if a baseform for said any
word '-is stored outside of said vocabulary,

if no said baseform for said any word is stored outside of said vocabulary, -
generating a new baseform for said any word; and,

utilizing said new baseform for said comparing step.

8. The method of claim 8, wherein said updating step comprises the step
of adding said any word to said vocabulary.

10. The method of claim 1, wherein said comparing step comprises the
steps of:

determining whether any word of said new text is out of vocabulary;




- 9- if said any word is out of vocabulary, determning if a baseformfor
said any word is stored outside of said vocabulary; if said baseformfor

said any word is stored outside of said vocabul \ i | d out of
vocagbul ary baseform for said conparing.gtep; anamnlmi‘*}‘ml“mum formfor
said any word is stored outside of said vocabul ary, cdetertiny dgenerati on of
a new baseformfor said any word. .11. The nethod of claim1l, wherein said

conparing step dfmgu asgsvardds subphvatabubhey atateminggihatbasefanyfonsait afy sai d
new text is oyt o{%_lvgcaf)srlff.%iartl's A f sahd] any word is out of vocabul ary,
det er mi ni ng'q"R 1% SIAER PHISIG BF S vPcaRY2Mor d i s stored outside of said
vocabul ary; if ' Ntof 84idSH icutSHe'oed ' sai d
vocabul ary, uti ?%ﬁl%gg(iogﬁout g%(f v&wgw%gs@f o??nrof o?%%%g%'ari ng
step; if natilizing saakettoofredcabulaay Hasefprmdonisdid compasingsies; atd, of sai d

ai d new baser ontid SROSRSGRIBH IR seyRaY BprS EAtoRLoBidR o B vpeamId, ©
wher ei n Sa'ﬁéf%@%éi'\@%ﬁkﬁpofé)ﬁﬁwb“a%%férﬁ'?fo?tsﬁw Sy @Ba.ng said any word to

sai d vocabul ary. e nmethod of claim1l, wherein said conparing step
conprises the step of conparing respective basefornms of originally dictated

of ol aim 13, corth i hagethed & HETH HBrgeiri SRy FOBRREN SERAVEPUTRI ( h a
DVCHECK ut idibpd of: -

determining whether any word of said new text is out of vocabulary;

if said any word is out of {/ocabulary. determining if a baseform for said any

wbr_d is stored outside of said vocabulary;
if said baseform for said any word is stored outside of said vocabulary,
utilizing said out of vocabulary baseform for said comparing step;
if no said baseform for said any word is stored outside of said vocabulary,
" generating a new baseform for said any word; and, B
utilizing said new baseform for said comparing step.

" 12, T.‘he method of claim 11, wherein said updating step comprises the
step of adding said any word to said vocabulary.

13. The method of claim 1, wherein said comparing step comprises the
_ step of comparing respective baseforms of originally dictated words and
replacements for said originally dictated words.

14. The method of claim 13, comprising the step of comparing respective
baseforms with a DMCHECK utility.
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