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.'Va CE- CPE%%:’%SI&RVI CES The present inventi oPnc'lI}%Bgcsg’rzl%zé'r ned

! with aut omat ed voi ce-interactive servi ces enpl oyi ng speech

{ recognition, particularly, though not ekclusively, for use 5 over a

~ t.el ephone network. - A typical application is an enquiry service
where a user is asked a nunber M%Wrder ‘to elicit replies
whi ch, after recognition by a speec recogniser, permt access to one
or nore desired entries in an information bank. An exanple of this is
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AccordiE[;g to onqﬁﬂ‘sdpect of ‘the present invention there is provided a
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25 to regpethtiebdgritidrd bpFdratid doMiprisiy §astendos @ata0fortainihg &tRedko HRM €
wor ds of the 1 st. which resenbl e(s) second received voice S|dgnal S.
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speech recognition means; and control means operable:

(a) so to control the spz_aech recognition means as to identify by
reference to recognition information for the first set of words as many words of
the first set as meet a predetermined criterion of similarity to first received voice

20 signals; | -
- _ | (b) upon such 'ie_iehtification, to compile a list of all words of the second
set which are defined as connected with entries defined as connected also with
the identified word(s) of the first set; and
(c). so to control the speech recognition means as to identify by reference
25 to recognition information for the second set of words one or more words of the
list which resemble(s) second received voice signals.- .
| Pre.ferably the speech récognitibn means is operable upon receipt of the
first voice signal to generate for. each identified word a measure of similarity with
the first.voice signél, and the ;control ‘means is operable to generate for each word
30 of the list a measure obtained from the measure(s) for the relevant word(s) of the
| first set '(i.e those identified words of the first set with which a word of the list has
a common entry). The speech recognition means is then operable upon receipt of

the second voice signal to perform the identification of one or more words of the



the first voice signal, and the control neans is operable to generate for

each word 3@%o®fisbdee | i st a neasure obtained fromthe measur 93{025%22e
rel evant word(s) of the first set (i.e those identified e
first set with which a word of the list has a comon entry). The speech
recognition neans is then operabl e upon ?eceipt of t he second voice

signal to performthe identification of one or nore words of the
%?gggg?gg’?ﬁi“ accordance with. a recognition pl:ocess weighted in dependenfe on the
i n accor danpeasirengenearated o theomonds efdbe listei ght ed i n dependence on the _
- measures gener at f f. [ . ... The appar at us
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correspond to-words which are in the |ist, wher eby the recognition
means may iVYPIgE oy ip e gE c& dhnss Kb FOTePepd dei erdp, which angoin therliesd. 10
Al ternati v%we_r&t!ssetﬁ@%&gh&ibﬁr}né@{s&na?ygme GANRorRE e Aenal G2lrbanetlibdlg!
before recognition or during recognition, the control ‘means -bei'ng operable
fol | owi ng teémaskask- | ati on of the |ist to generate recognition-data for each
word of . the gl et hod cdynant cal | i N Qani tion data
fall ou%%i de theAggg‘E)aéw% .ﬁﬁofe{oﬁéutigﬁed;‘éghtlﬂlbﬁvybéeg??@%%& gmgﬁ'gg@ &R to

t hose ski | betbre nrechgsitiant or 1dusing recognitienef theabbytralheneamst beingneperabies

operable t el.ect, for output that.entry or entrie efi ned as
et ed SRS e ShmBHARY of 88 E R by hte 1raotPvh ot gl qre of

« identifiedtvolist. Metihdds foedpnsmizally generating recognitidi Gati RallQuddidél edsdbpy al so
contain information defining for, acp entgr}/ a .. ..connection with a word
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connected with entries each of which is also defined as connected both with
an entries defined as connected both with an identified word(s) of the first set and an

| i st

identified word of the second set. _ _
-~ The store of data may also_'co_ntain information défi_ning for each entry a
connection with a word of a third set of wards, the control means being operable: '
20 | {d}  to compile a list of all words of the third set which are defined as
o connected with entries each of which is also defined as connected both With an
identified word of the -first.set and an identified word of the second set; and
(e} so to control the speech recognition means as to identify by reference
to stored rec'ognitibn information for the third set of words one or more_woras of
25 the list which resemble(s) third received voice signals. | _ |
Furthermore, means may be included to store at least one of the received
voice signals, the apparatus being arranged to perform an additional rgcoghiﬁon
process in which the control means is operable: o N
(a) = so to_control ‘the speech recognition ‘means as. to .ic_lentif.y by
30 reference to stored }ecognition information for the second set of words.a pl'ura-lity
- of words of the second set which m_eet' a predetermined c_riterion__of sirﬁilarity to

the second received voice signals; -



Tdentified word of the first set and an identified word of the second set;

and W0 96/1303¢ €) SO to control -the speech recognition .
identify by reference: to stored recognition informati OF%&B?%@SSH rd

set of words one or nmore words of 25 the list which resenbles third
recei ved voice signals. - Fdrthernore, neans may be included to
store at |east one of the received voi ce signals, the apparatus being

arranged to perf.Qrm.an i.ti.ongl..re i tiqgn -process. in which the
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i dentified words of the second set; and - (C) .so to control
t he speech recoyaferativ theappatetus inclutieatneéansoto redogniseca failute coodisibor ed

recogniti tormmtian_f.or i 1 f rds .one ,or nore rds of
the said a d:téli'rg{r'lgﬁa #h?s?ac“\g/)maldgﬁ'%P é‘sFee?r:%P@E'B?' 20 ﬁsfs?"'YéBetﬁeeed'eﬂbf’ggugTg_nal s.
Pr ef er abl failtdecheingoecagnised.ncl udes neans to recognise a fail ure condition
and tq initiate.,the said additional. reco%rllé thi on process only in the event

of sudl . falNeuPBPHENRy DX SGMPLSR. @ (tplephone line goanastion; -3 \spepaly

conpri se cbgliephaoe fecbgniSinGNEFoRedN; wardsPeESdIved via! WO IMIHonE Oline
recogni si ng spoken words received via the tel ephone |ine ~_connection,
by ref er 5ROBEEEPT BV TETrEDEE dat ERCOBRRIAR eAftan ferfesantings apaetsiofi| possible

ut t er ancegierancbsMBAG TéRINRESINsRe! B Fe%@ﬁ:it Rhia Yl tdidishdng! ﬁ;h@ febdi Fot

connecti on of signals indicating the origin or destination o
t el ephonesigndls indicatipgethe eonigin et destination of a telephone call to access stored

16 information identifying a subset of the set of utterances and to restrict the
recogniser operation to that subset. -
According to a further aspect of the invention, a telephone apparatus |
comprises a telephone line connection; a speech reéogniser for determining or
verifying the identity of the s'peaker of spoken words received via the telephone
20 line connection, by reference to recognition data corresponding to a set of possible
speakers; and means responsive to receipt via the telephone ii_ne connection of
ISig'r-f-ais indicating the origin or destiﬁation of a telephone call to access stored
information identifying a subset of the set 6f speakers and to. restrict the -
.recogniser operation to that subset. _
25 " According to a yet'further aspect of the invention, a telephohe information
' apparatus comprises a telephone line connection; a épeech recogniser for
recognising spoken words received via the telephone line connection, by reference
to one of a plurality of stored sets of recdgnition data; and means responsive to
receipt via the telephone Iiﬁe connection of signals indicating the origin or
30 destination of a telephone call to access stored information identifying one of the
sets of recognition data and to supply this set to thé recogﬁiser.
| The stored sets may, for example, correspond to different languages or

regional accents or , say, two of the sets may correspond to the characteristics of



15 information identifying a subset of the set of utterances and to

restrict tiQe
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di fferent Jades. of tel ephone apparatus, for instance the characteristics of
According to a further aspect of

a nobil e
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sets o[ recognition data and to supply this set
S&t ored sets may, for exanple, correspond
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recognition means operable upon receipt of a second input pattern signal to
identify one or more patterns of the list.

“The patterns may represent spéech and the recognition means be a speech

~ recogniser.

In accordance . with the invention, a speech recognition apparatus
comprises _
{i) a store of data containing entries to be identified and ir_lformation

cond

tified;

defining for each entry a cpnnection with a signal of a first set of signals and a

connection with a word of a second set of words;

(i) means for identifying a received signal as corresponding to as many

signéls of the first set as meet a predetermined criterion;

25

30

(iii) control means operable to compile a list of all words of the second set

which are defined as connected with entries defined as connected also with the

identified signal(s) of the first set; and _

(iv) speech recognition means operable to identify by reference to stored
re‘cbgnition information for the second set of words one or more words of the list
which resemble.(s) received voice signals. | _ |

Preferably the first set of signals are voice signals representing spell_ed
versions of the words of the second set or _initiaI' portions thereof and thé

identifying means are formed by . the speech rebognition means operating by

i nformation -

-



a_store containing information relating each entry to a pattern of the
first wole/136%d t0 a pattern of the second set;

Fecogni tion nmeans operabl e upon receipt of a first input patPt Ef‘ﬁ”é%ﬁm to
10 identify as many patterns of the first set as neet a predeternined
recognition criterion; ° 5 neans toigenerate a list of all
patterns of the second set which are rel ated to an entry to which an
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signal Bf a fird? ¥ser cgltyﬁa § e aspect chnﬁ'éﬂ:t'FYﬁf‘tWFHﬁaﬂemod of a
second setiddtifyiRg dntries in a store of détal by m%cﬁotro %tgﬁﬂf |r¥f IO?I gfﬁ'ﬁﬁ ed

signal as corresponding to as many signals o et a
pr edet er nicABAEREONE Hetween emgries and words,(domprisednt r ol neans oper abI e to
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connected with entries défi ne as connec
si gnal (s) stghatshe first set; and (| v) speech recogni tion means

operabje to ide e ored tion information for
‘the sec(gnd set (@#) %‘%’Pﬁi"%ﬁé‘%?ﬁbﬁﬁ& ?I\D{h Saif words SP@'?%@S CRRMEeT ¥dkDI e( s)
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are voi ce signa re resentlng spel | ed versions of the words of the
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In a further aspect of the invention a speech recognition apparatus

15 comprises
~a) a store of data containing entries to be identified'and information
defining for each entry a connection wjth at least two words;
b) a speech recognition means able to identify by reference to' stored
recognition information for a defined set of words at least one word or word
20 sequence which meets some predefined criterion of similérity to a received voice
signal; : |
| (c) a control means operable: _
i) to compile a list of words which are defined as connected with
entries defined as connected with a word previously identified by the speech
25 recognition means; and - o | o
ii) -~ so to control the speech recognition means as to identify by
reference to stored recognition information for the compiled list one or more words
" or word sequences which resemble a further received voice signal.
A method of speech r'éco'gnition by reference to a stored set 6f words to
30 be recognised, according to the invention comprises
(a} receiving a speech signal;
(b}  storing the speech signal;

(c) receiving a second signal;



5 reference to stored recognition information for the said spelled

voi ce sign Alternatively the first set of signals may be signals
consi sti ng}s BP6/%s and t he identifying means is a toMel/FB¥YRAser .
The first set of signals may indicate the origin or destination of

t he receive signal. 5 I n acgordance with a further aspect of the
I nvention, a nethod of identifying entries in a store of data by
reference to stored informatjion defini connecti ons between entries
and words, conptd segompiling a list of wergs, P%Bﬂﬂ $yRsEE oh ke §pt phmeords, ashe sai d
wor ds as RIRHGAf tHe §&Gﬁﬂ‘é§@aﬂo' ce signals; 10 (b) conpiling
a list of those of the sai rds defined as connected with entries

" defined as conniett eapriyiag tothe storrs seesh isianalia wBeesnsrecognition process so ( c)

i denti fyi r in the _
recei ved %gloc@gnﬁg df{e&r%cet%ethwgganf& Hafeu ﬁ%r@r:tggégpsgg the invention a
speech&r ecogni tThmsappduswhalsmav Bisodyepa spesch sngnal and the seapndisighairmapf data
cont ai ni entries,to dent fied a i pf.or mat i i ni n or each
Comr ol o1 ek SRidanBRd R feteteERL et FehgRliap 243" MBles8Rting the [ichib 0P she

recogni t i AiphdBeensitheb iriividudligteditdss sedu;ndsest eA&émetn‘/ay 2h@'s86bnd signdlGa@gNi tion.
information for a defined set of vvord g?spt one word or word 20

sequence Rfn? eignalransistipgaf b?'@aeqef‘ﬁ@ae YFé‘FV of sinmlarity to a received

voi ce Si gnaiocordmg to another (&shedt ANHLinVERABA, WHhERbE: of speech -
i) to conpile a list of words which are defined as connected wth

entri 88 JdeeognitipraeoreRsifeBcted with a word previously identified by the -
speech 25 recogpj ti I: . 11) soto control the speech
recognition rreg%’s ag&l qﬁgg%ﬁt @#Wsngna reference to storéd recognition

i nformati on forblt hestwutgmhbesoeeuf'GSlgnaie or nore words or word sequences

whi ch resenbl e( furt her. recei Vg%t\(o ce rsggrr']aol T , od of
speech recogni tf'on 967°F"é‘f‘8r%r{8%% I OPEPHAN Gt g SREFSIL sigga Brbsgme

recogni sedheradigrai;di Nng to the invention conprises (a) receiving
?ezgs\%gggsggggl&ind"éiﬁﬁale"ent (obf) t golr_écrg mttlgr? Sco eer%'(c:ngns!fgpng to meet a (c)

predetermined criterion of reliability, retrieving the stored speech signal and
performing a recognition operation thereon.
Some embodiments of the invention will now be described, by way of
| example, with reference to the accompanying drawings, in Which_:
- 20 Figure 1 shows schematically the architecture of a directory enquiry -
system; : . | '
" Figure 2 is a flow chart illustrating the operation of the directory enquiry
system of Figure 1; '
Figure 2a is a flow chart illustrating a second embodiment of operation of
25 the directory enquiry system of Figure 1; |
Figure 3 is a flow chart illustrating the use of CLI in the operation of the
directory enquiry system of Figure 1;
Figuré 3a includes a further information gathering step for use in the
operation of the directory enqu}ry system of Figure 1;
30 Figure 4 is a flow chart illustrating a further. mode of operation of the
directory enquiry system of Figure 1. ' '
The embodiment of the invention now to be described addresses the same
directory enquiry task as was discussed in the introduction..'h operates by firstly

~ asking an enquirer for a town name and, using a speech recogniser, identifies as
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{(d) conpiling a list of words, bei ng a subset of the set o?C?’GPaif“’Sé%

function of the second signal; ' (e) applying to the stored

speech signal a speech recognition procgss so as to |dent|fy by

reference to the list one or nore words of the subset. 5 The
and_t he ond si

nd si S ch S
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of SDEECh caRdidarectowis! | SIMilSPIthé $8fame is asked for, akdlh reé&gritioH thg@tl?e(}feCh
si gha stori ngﬁt he speech si gnal

per f or B nﬁ"‘ci"qyéc"@ﬁﬂﬁ'i'é'?fh dataefolt 3l a’éﬁiditﬁé og‘é)é@msgnmdldme gowes. The ot her
signal ; 1Rumber of carﬁi@ateé '?etrah\%deéﬁe@%clpfst% re? Ctg@rﬁxteho%r @%fgtabﬁ/é ?lﬁl ling

to meet a predetermned criterion o it F1evi
stored speandidateg meetingd a defmq@eaﬁmﬁam aritegiongnietg. oha\apgeratrewgnitiwr eon.

Sore enbocgct ta% \% tcﬁﬂn%@\(lfrﬁgﬂo?@ ¥§4 be r%%upgd descr | be::ln %I \é\ﬁy (2)];)

exanpl e PEY aifce acco any| ng draw ngs,
Fi gur e 1 shovvs Beﬂoeemescmnaldgmhbtpeoasshn broed dewail pfhedarbhit@uer of £LaiFBHEY
syst chart jl| ust rating the operation of

t he d| rec?%cf'ﬁryeﬁ'}'&fﬁ'? )Yv'h Be c@ﬁ%‘f% ‘HftI‘l OfW efo Figure 1. A speeeh gyntbesiseri s a

“flow chart i§ |p|'diﬁdddafdrriﬁ0\ﬁd|ﬁ§%h6uﬁmmta ¥er QRESR élélbﬁl'ﬁ'orﬂ;Jc llr%Smt% f?c
_directory_e awry system of Figure 1, |gure IS a w chart
i 11 ustrat PngytREereRee & stgred; ﬁ"?%é“‘ifﬁé%ﬁt i@ ®essage data store 3, or from

variable information supplied to it by a main control unit 4. Incoming speech
signals from the telephone line interface_ 2 are conducted to a speech recogﬁiser 5

15 which is able to recognise spoken words by reference to, respectively, town name,
road name 6r surname récognition data in recognition data stores of 6, 7, _8.

A main directory database 9 contains, for each telephone subscriber in the
area covered by the directory enquiry service, an éntry containing the name,
address and telephone number of that subscribér, in text form. The town name

20 recognition data store 6 contains, in text form, the names of all the towns included
in the directory database 95 along with stored data to enable the speech recogniser

5 to recognise those town names in the speech signal received from the telephone

line interface 2. In principle, any type of speech recogniser may be used, but for

the purposes of the present description it  is' assumed that the recogniser 5

25 operates by recognising distinct phonemes-in the input speech, which ar_e decoded
by reference to stored data in the store 6 representing a 'decoding tree structure
constructed in advance from phonetic translations of the town names stored in the
store 6, decoded by means of a Viterbi algorithm. The stores 7, 8 for road name
recognition data and surname;reéognition data are organised in the same manner.

30 Although, for example, the surname recognition data store 8 contains data for all
- the surnames included in the directory- database 9, it is configurable by the control

unit 4 to limit the recognition process to only a subset of the names, typically by



directory enquiry systemof Figure 1; Figure 3a includes a

further information gathering step for use in the operation of the
directory SYRQUWI&ystem of Figure 1;. 30 Figure 4 iRCHGBIMIRSMhart
illustrating a further node of operation of the directory enquiry
system of Figure 1. ' The enbegdi nent of the invention nowto be
descri bed addresses the sane directory enquiry task as was discussed in
the introduction. It operates by firstly asking an enquirer for a t-own

name and, flagging she palensnt paes $fithe recogpiiion; date so 4hat the "recognitiad ©e9"1i8030
PCT/ GB95/ 02524 manisi : e :

"possi bl e gegﬁraﬁtg%{%ggpo?%mgronr%ghg sg.ggrsr}eglvgltlglg\?ndeﬁgﬁ%ggbﬁef 0{ ﬁ%en"%ng % the
enqui rer f Dhis zznabied theitecognitior dteghite iberbuilt befare rtbelcall tooninerces

guestion the o . refere oned t ertaining to all
i road narresar\‘/é}f}g rﬁgﬁg?la%ﬁ %UH?QC}P L‘{%ﬁg' Bg?egt@%ﬁ{iﬁ ﬂ’%t%cqﬁ’&%\’ .sets?a# 'hFafP?ey, t he
| surnane 5 scanp@dtibndl, reatiitces rcan oggiconcentsdted) ont thise wbrdse Wblichy are” @fgsgni tion -
. data for all 6 candidate road, nanes in gcandi date towns. The , nunber of
candi dat egl"ﬁeé‘f ae ﬂ’éds%?kegacﬂ'hﬁ 'Efgfgcﬁ%lﬁg%é’gﬂ‘?('@dfha&a’t SFret dyillcppr dn the
candi dat esrcgB&itio pPocesd, iR eRbsRCEHRBE WHefe Bhé bETHERE most lilely NAdrdE $ad been
recognition - ‘score' above a defined threshold.- nmay be retained.
Before destRokBing the process in nore detail, the architecture of a
divectory 10 i dntnSkoiMotil behiesflfe o LdiRbink! b mrhBhEAGBobe FBipUTe L
A speech synt hesiser 1 is provide or providing announcenerits to a
~_user vil@ eareEsppiting td pach phthertomrenames appealipg rirether databaseodstooaatcas 4 i xed w

nmessages i,n age. . S from. . vari abl e,i of or mat i on

~ supplied tlabqaltth@ﬁ(ag}%gﬁhgﬁltgﬁ%smﬁﬁié)[(%.en?ﬁr?cso'rrr‘i tnhgf é%gg%éﬁ 9 fthal ﬂgﬁtgﬁ% from

© the tel ephdmds bf rabei niagrfcaasedifapreferredtudt ddsitetl, ahs gere 6 wesyogatitaiararb 1 5

+ which is able %é) recogni se 's&%en rds bry r.ef erence t@g res ecti}éel}/, t own
nane, eNtYa P EWEY olPWLM ﬂ?aé\(lz\ﬁ'&nf"ﬁoﬂ“ 4se o, wiefgie t9egArapatca’ st or es
of 6, 7, 8ocations covered by Ahéatabdss,e@hether Gl agetHbse MdnfesNgre &thiaiRach -

t el ephone subscriber in the . o
15 . present in the database. Noting that some town names are not unique (there are

four towns in the UK called Southend), and that some town names carry the same
significance {e.g. Hammersmith, which is a district of London, means the same as
Lbndon as far as entries in that djstrict are concerned), an equivalence data store
39 is also provided, containing such equivalents, which can be consuited followin'g

20 each recognition of a' town name, to return additipnal possibilities to the set of
town names considered to be recognised. For example if “Hammersmith” is
recognised, London is added to the set; if “Southend” is -recognised, then
Southend-on-Sea, Southend {Campbeltown), Southerid {Swansea) and Southend
{Reading) are added. , _

25 The equivalence data store 39 couid, if desired, contain similar information
for roads and surnames, or first names if these are used; for example Dév_e,and
David are considered to represent the same name. _

As an alternative to this structure, the vocabulary equivalence data store
39 n{ay act as a translation be"twe"en labels used in the name stores 6, 7, 8 and the

30 lébels used in the database (whether or not the labels ar_e._names in text form).

The use of text to define the basic vocabulary of the speech recogniser
requires that the recognisér'can re‘la't.e. one or more textual labels to a given
pronunciation. Thét is to say' in the case of a ‘recognitioh tree’, each leaf in the

tree may have one or more textual labels attached to it. If the restriction of the



“area covered by the directory enquiry service, an entry containing the

nane, and tel ephone nunber of that subscri ber b?’G?’ 6 %‘grm
.The town nane recognltlon data store 6 contains, in t ext %215

nanes of all the towns incl uded- in the directory database 9; al ong
with stored data to. enable the speech rcogni ser 5 to recogni se those
town nanes in the speech si-gnal received fromthe tel ephone l'ine

interface 2., 1 n any type of eech r cognls used, but
For oo Roatterr St pembetBR %ol Rptnth opa  ctel ML atoRathd ne
recogni selreSoghiser GMRURL eseféubryeeagm DY tebtabi {belsphﬂl‘tﬁmefﬂst Nnéth faelp ut
speech, which are decoded reference to st d data in the store 6
‘represent |aﬁ§)°°éatﬂéc‘€5m‘r?gpfqné'8°'§? R @FgeGated WEBrPsf%SEf’edh? dishdhatee Peom
phoneti c Lhansdiadd pthe ft.t he town nanes stored in the store 6, decoded
by means of a Viterbi algorithm The stores 7, 8 for road nane

recogni ®i on dat a¥haysiemnepasatiancisghustrased @atraeweofoﬂgaﬂmweuart i§et hut Pane

t t t .
ranner (B 10Vl oletba 4 101 I5orPBORAEof SHORBBMIT BB e O
9, it is cigmallefitalhe chytrelhenitc dnty the telephometling interfacei 2; tHeecoreood gumiitt i on

E,E?f%;ggj gwonlﬁxs %y lnsl%ructtmg thé ggee% synthésYs%r Cla{o a/lav Y11) a messag%s‘corea9 B/ 13030

flaggi ng the nfeebsgeaﬁtbr@arrbquaftm@ ltRe rcali@Omdl §ilv@ thél Abmesst thaaieqhiféd town.
"recognltlon tree" is restrlctgd to recogni sing_only those nanes
wi thi n'@ dB8; Gaer's fespense,fs fareivedfde! by the recogniser. Thha reqegnisss & Hen

' recognit b@ffoﬁﬁ@ﬁs ré&ghﬁlohlﬂreéesbﬁw ®ithEfefetce 16 ARERBEL Stored in fﬁ@CLtﬁ
mani pul at ed during the cal By restricting the active subset of the tree,

5 comnput afi angicommunigates t@athetf@ﬂéf@he@ﬁt fathedname tafothe tayvrigwvhiph onostr e nost
I kely toci%%ngF}B les! the réc%ﬂ}éﬁe &r %%Cgr% V\% 2’ e %%{n%% N Ll 8 ‘” in

t he reco l On process, ose case ere one o hese nost |ikely
wor ds has tdoees which msgmkerescnbed threshold of siendlarityrwvith the redeivedaeplyddiva st ore

6 cont

e R 0 v LI NG L
in the st ghe daontrél Bhit 14 RBpomdst by m:bambiag‘&he spbéuh§YntBesiSdr to play (14) a
- further message from the message data store 3 and meanwhile accesses {15) the
directory database 9 to compile a list of all road names which are to be found in
any of the geographical locations corresponding to those four town names and also
20 any additional location entries obtained by accessing the equivélence data store
"7 39. It then uses {16) this information to update the road name recognition data
store 7 so that the recogniser 3 is able to recognise only the road names in that
list. B
_ ' The next stage is that a further response, relating to the road name, is
25 received (17) from the caller and is processed by the recogniser 3 utilisin-g the data
store 7; suppese that five road names meet the recegnition criterion. The control
unit 4 then instructs the playing { 19) of a further message asking for the name of
the desired telephone subscriber and .fneanwhile (20) retrieves from the database 9
a list of t'he surnames of all éubscribe'rs residing in roads having any of the five -
30 road name's in any of the fohr geographical locations {and any equivalents), and
updating the surname recognition' data store 8 in a similar manner as described

. above for the road name rergnition data store. Once the user's response is



ki nds of | abel may be used if preferred). If desired, the store 6 may
contain angoognaf@pgl’y for every town nane that the user mght use to r ef

to geograp |caI | ocati ons covered by the database, mhe?ﬁEFHQF 02:3¢ aII

t hese nanes are actually 15 present in the database. Noting that sone town
names are not unique (there are fodP towns in the UK call ed Southend),
and that sone town nanes carry the sane significance (e.g.

Former s et 521 fe¥egba i e KMARR P8 FodolfidA TEor By crgrephf 0"

as far as r| es In t ar e-concer ned n-equl
store to%e|<$atalrtstlnepumanmhecépogmnbmdatmowch equi val ent s, \/\hi ch can be

Ited foll h it ] i
St 1 onal | posel b PLeSie fEOREmble"theR o AP HRRE P Rer PeEti o

recogni sedritefidt; iR )enypavent,f thehfarapasend trhdy tontain mbeL agi 666! entr9 AP Rhé S
added tg the set; if "Southend" recogni sed,. then 'Sout hend- on- Sea,
Sout hen@l (%&?Ppb@?? Fnie saspe {oad ‘?‘S MetoWna n finessiare @h gtep 24 the sumbgy ar e

added. 25 of directory Jhﬁesewu.afahm%né%fathatraeegrﬁs%dcaumneé fandEsHel §1d theontain
simlar information for roads and surnanes, or first nanes t hese are

used; for remnmd oadnames and ong o dharrecqgormdemdn@mes @Epmﬁemt It the sanme
nane. er is rﬁﬁn%@a@i'et gﬂ%&é%gletﬁ‘ i Nk Sthide” Uftf%% {g\ chﬂ?oqu Q’
stor

equi val ence At a Ct ‘as a trans t ween used
i n the nariestaicts eﬁ)&hebpeecraaw\thbmsemo plmbehsanuewd:ement Iimmialhahmseade/\het her
use o

or not a ext

defi ne1{>héjaf)ad§ﬁ°5 90@’2’8 geliy r(?f:'t% gé@g"%arpeécagafﬁsgeqnd telepﬁg rya ert at the -
recogni selea6R@ntry) gérfersree uvrthempeedtewmaésnéahehﬁng ®ext-1gispeBeh synthesis,
pronunciation. That is to %el n the case of a recognltlon tree', each

‘leaf in tHBd the process is,Fo 448 &t qrothe otbgk hand, | thediumbariof GdES 1§ i t. | f

the restriggtaddfveOtheh tarther steps 27, Ypbg%s']e%gg& further below, will be necessary
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~ desired vm;amrmy»eet the ¢aélebgﬁn§!ew is also defined as.a textual list,.then
.. the 4g recogm,tsg,g" BEXLA tRECHR BRIcYss %H:frﬂeg%m ﬁa%étb'%wla?‘l?ﬂu?e 'r£1cet hat

list, not |la
: than a system which chooses only a smgle candidate town, road or surname at

each stage of the recognition process, since b_y retaining second and further choice
candidates the possibility of_e_fror due to mi_s-recognitio'n is re_duce;l though there i_s
increased risk of recognition error due to the larger vocabulary. A penalty fof this
20 increased reliability is of course increased ;o.r‘nputation time, t_:_ut_ by ensuring that
the road name and surname recognition processes are conducted over only a
limited number of the totai number of road names and surnames in the database;
ihe computation can be kept to manageable proportions.
Moreover, compared with a system in which a second-stage recognition is
25 unconstrained by the results of a previbus recognition _(e.__g. one wh_ere the 'road’
recognition processes is not .limited to roads in towns_:alre_ad.y recognised) the
proposed .system would, when. using recbgnisers (sdch as those using Hidden
Markov Models} which internally "prune" intermedia_te _résults, be less liable to
prune out the desired candidate in favour of other candidate roads from unwanted
.30 towns. . - S . :
It will be seen. tbo,' that the number of ppssi_ble lists _wi_ll, in r_noSt
applications, be so large as to prohibit their preparation in_a_dvance, and hence the

construction of the list is performed as required. Where the recogniser is of the



"associated with a pronunciation associated with a label in the list that

are not : elves inthe list. 5 The syste
illustrat &Pgéfﬂﬁgigns of the flowchart set out in Fi gurgk%i?ﬂ@sg‘{]ocess
starts (10) upon receipt of- an.incom ng tel ephone call - signalled to

the control unit 4 by the tel'ephone linttinterface 2; the control unit
.responds by instructing t he speech synthesiser 1 to play (11) a nessage

stored in nessage store 3 T estin aller t h
of the r oduPe deibt BATENERS el HEEn MEKSE biflie) Wi s eriierso 19 3 o
recogni serpartléifar’ RcaBilabf fthete tdhé€ Bwo optloﬁelftf)rolﬁmtlhb&hé eae@amttstm orIPEIes s

(13) with reference to the data stored in th communi cat es
to the corthgdecagniser's qpeEatioAk WerdsHB the st "EHS ﬁBssEa"‘ W"h élfH%&Y F§t-up

resenbl es bhGyrigs aNE disddi )éllotrhe(\WBF& asferrertablw rﬂeeoﬂeem a,f cRht thdiose
t owns whi ch et a prescribed threshold of siml arity with the received

‘reply. 9e revanurspegnitiqrt datatsteresuesed it ymplregk taitheeFomnlgtely.oerrby addindanes
meet this ﬁ/%ﬂdg%' X manent tth?sicz " sl‘H:Plct bé' né nBFeﬁpcﬂij%rh ébﬁn?}slé?é §8%ot he

speech sy esi ser nessage nessage data .
store 3 arsdomeEracogritien datraefsaseﬂ v(/dfﬁ} wiieh may Ue rmngorsydda'ﬂtdsasrecdgmssrs:orrpr I e

alist of all name t.0 be.fou of . t

geogr aphi &ff"eﬁa&jﬁ'&?’ssg’d é&ﬁéﬁ&fh’&%’%““ﬂ%%f‘f%@ t%?/\n”%gﬁetga MPYaP%o 20
any addit |r9€6§mde60&1tldd1n@tnﬁrrestb$e dbtatdienatly tee epesthn@cbitiseratel reabgrise dat a
store 39. It then uses (16) this informatjon to %ﬁdate t he rqad nane

recognil@i o¥orgat i a received sjgndh ¢ At SHFR $XEYIGAi sEYnamics regoopisets réE‘bgnr se

-only the reaghnitfiiEdath s félkated eithéSimmediately before orldRing&¥todidgle i s that a
further response, relatring to the road name, is 25 received (17) fromthe

caller and is prT@§e§f§ECPP[§'9"tWQU'F%Sc&ja¢ siata Ftores | husi isgraiativebningxpensivg ore 7:
suppose ! Dt forb Ry For BT stnafé (TT!S deB6RGYptibRlls :;;Ehér%ﬁy %mggﬁa%ﬁgm rol

unit 4 th I'nstruc aylng nessage or t he
nane of expedmvezlfmrlangd Iistsl qumqelrwbwhrSmileaddtmmmambIS(mfulrwhen eves

| noroad HavRngsdrgPusn R FRtnstan' ERadMIRE SR odidn BELRFRepggreE” < 10

geogr aphi agith tieceddond oplian beiayinesied\vialthaicage ofadhort listipstavherg thB@latair name
recognition data store 8 in a simlar manner as descri bed above for the

road nanme MaRSRYHPIYSHYdat'a store. Ongce the user's response is
The criterion for limiting the number of recognition 'hits' at steps 13, 18 or

23 may be that all candidates are retained which meet some similarity criterion,
20 though other criteria such as retaining always a fixed number of candidates may be
chosen if preferred. It ‘may be, in the earlier recegnition stages, that the
:omputational'load and effect on recognition performances of retaining a large
town (say) with a low score is not considered to be justified, whereas retaining a
smaller town with the same score might be. In this case the scores of a
25 recognised word may be weighted by factors dependent on the number of entries
referencing that word, in order to achieve such differential selection.
In the examples' discussed above, a list of words (such as road names) to
be recognised is generated based on the results of an: earlier recognition of a word
(the town name). However it is ot néc_essary that the unit in the earlier
30 recognition step or in the list be single words; they could equally well be
sequences of words. One possibility is a sequence of the names of the letters of
‘the alphabet, for example a list of word; for a town name recognition step may be
prepared from an earlier recognition of the answer to the question "please spell the

first four letters of the town name.” If recording facilities are provided (as
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recei ved ( %®he recogniser, the surnane may be recogni FEF/GBIF02534
reference - to the data in the surnanme recognition data store.

It may of course be that nore than one sgrnane neets the recognition
criterion; in any event, the database 9 may contain nore than one entry for

the 5 sanme nane in the sane road in the sane town. Therefore at step 24
t he nunmberdiscussegfugtherobelgny ikt PPt gssaRtiah that e 9rden of reeoanitiasghe tbe

surnanes afghone Bt & of recefp?Qﬁ%esrﬁﬁhersoﬁfj b@iﬁﬁﬁ'ﬁoénﬁaﬂ% 187a ;ﬁ%‘%r the '

recogni sed town names Is tested i S nanage
exanpl e i fspoken gvard fisst, Enllomesgchy, tmmeMvereionnﬂmsh it is préfered uomsoc(eBS) t he

speech sy S; nouncerrent fromthe nessage 10 data store
3, followe Qhﬁ@y,hftgéo@g?ﬁle%qu name, address and tel ephone number of

each enbry, gendt st mumpdnm] mesgm:everdesymtimsmae thelrecsgmgers athvay prigaes h
synt hesi s, ocess, i s_co on the othek hand,

S e e 5l hs ghat; B v TGl DalBUR i WHEPsYe HioLhdarees MitGhies

di scussed tbuhé h\@cfenbﬂ R8ponel dre laleemec es $av¥ been redogniBedent Woulest céd?@e
caller's enquiry be seen that the process descri bed

wi || have Bg Pesakle ftame{m& 9"&?@ °f a f?!’laﬁ"e&s%%t’bm%ﬁm @ﬁb@s@@smﬁw a

single ca%@bdﬁt@daqamwarsqaﬂ f8lnd UM ANE cake furtherea%q#an%aﬁeecﬁesirbe This
recogni tion process, since by retaining second and furt choi ce

candi d4@ esou 'SM\Sihﬁi pwitching tee reall tue - manuglsonesatonni Altennatively ductbed -
t hough th [ I 1. err ug_to,th ar ger
LoonBl o FBghiin, ma) 6" BRRSGe, abioladcBip IR Shekln h figudi2at O 4 il

i ncr eased examplet atlowmdnfldencdmtatdjy%nlmsr stily resiuited in fomhaossuizlel candidatnd

. surname reco n|t on pro ses onduct ed i mted. nunber
of the.t ofdrin, Heapudl Of fiac iesRtetid 308l R4 PRKY atursngs chebesss i o
conput at i @l’ayﬁdl‘tobmelwér aac\:\;mrﬁgaabwumﬂpepwl whigh may be che_ckedngiiﬁéwer :
conpar wWih a systemin ich a seco ta coghjtjion is .
unconsfgaieﬁﬁﬂn%y'e ?@'?%u??‘gtsof IRy Fe?)faﬂffz e g ?Rﬁﬁl“@l Bfl b R QWRHREMENE e t he
' road’ recﬁ.es%mf bnaw.agm Bsibfe splliings Ot laBdoivil Hap7dSini the lrév¥ymitfn” eady
recogni sed) t pr opose stem woul when using recognisers (such as

t hose usi Mgcﬂ%ﬂlén Foﬂovwaa @ovormﬂset £9CaGRItiaN 31ty APE 9n95pai§neecogwﬁe¢ nedi at e
results, g géeeaﬁo tb Farh s may B LOIRidieq it tnnffe doRfibém hahthe Fb6r bPodeavour of

ot her can te roa om unwant ed 3
town names recogmsed previously, but a companson 44 of both lists may reveal

20 one or more common town names in both lists. If this is so 46 then a very high
confidence of success may be inferred for these common town names and the
enquiry may proceed, for e‘xemple, in the same manner as Figure 2 using these
common towns to prepare the road: name recognition 15. If no.common town
names are found then'the two speit towns may be retained 47 for use in the next

25 stage which may be preparmg the road name recognlser 15 with the two town
names as shown in the dlagram, or may be a different processing step not shown
in Figure 2a, for example a confirmation of the more: confident of the two town
names with the user in order to increase the system confidence before a
subsequent request for mformatlon is made.

30 It is not ‘necessary that the response to be reco’msed be dlscrete
responses to discrete questlons. They could be words extracted by a recogniser

from a continuous sentence; for systems which work in this way.



It will be seen too, that the nunber of possible lists will, in nost
applicati W}?%,B&mso | arge as to prohibit their preparati onl}l&% vance, - and
|

.hence the construction of the list is performed as req BOSRAe t he
recogni ser is of the "~ WD 96/ 13030

PCT/ GB95/ 02524 type (e.g. recod®® sers using H dden Markov nodel s)
which require setting up for a particul ar vocabul ary, there are two

" options for updati the relevant store to Ijmt. t he recogni ser's
operation to woRHSHTER SHatEN &Y Whigl 18 may,be dested,te yaly e | SpoBe ot e

recogni segpesthttefdgiiddhr's sebichtifiovind Hcan®e mbdifiB€ ohithé badib®ofbh Brevidust O

clear the 5 relevant recognition dati:’l store and set i.t up afresh (either

. . p afr
conpl et el {RSOgRiSER regHif? Ryt oF SoMS, e NTBERTHARIHEVERL I tREERAUIN dMaul d be
noted thalir&QbR ERAMYVEEINS tHiS M8} be a sighalRdicSGRO M biRgin gﬁt@téwhﬁu wor ds -

whi ch may be recogni sed. These recogni sers . generally have a store of

t ext ual® i edlbravghi antheepalting dine ddemiy WiGl-tisor A Aignahjdantifying the casiginatisd but do
not prest a o, A ' r i S€, rds in
2 coer veltQuHBeT i Shfl fmpUaRRRAT e TAA"b8 Nneli dol RERRE' B Ramt”

r ecogni t i cecogaitian ite thpsedpwinotneast ineated it sare¢ pr bre bdjacentr exdbangwarea
recognitigon The_ first _option requires.large ta stores but is
rel ativel P Fipeig galler n’c8r%ﬂﬁeaf?‘g'“%ﬁa;t/eqfeg?'ﬂgmtq'? é‘%rg'i 'f@t.'onﬂ?g tg’&cond
option i scakiteiing loy exaermygeainiagntd uged to #cpSNStored fimforthatigre compiled ot
requires much smaller data stores and is useful when 1 5 there are frequent
data dRantgdicatezhecsnquiry Pattems; ofsthe Subseriberdn, auestion fr af subgeribers in fhath t he

" second opfleQRadiiechsk MYRKES. i n the case of a short list, or where the data
change frequently. The criterion for limting the nunber of
recogni ti on ' hifa example.epsample pg difectory ermiuifigs iPea trsticwar arsanmightt es are

retained Wi indPabuserBuc Bhislyeld 16 hiRbéin 138 sahlloulthafhlWred hii® ! &
such as retalning always a fixed nunber of candi dates may chosen i f
pr ef er r ed20%l fomipmisdiately) ddjmcestirdreas. r Sepayatet istatisticalgpattembamidghtebe

- SOmPUS! | ShabieOR SYeS] oF Sheidlhelaf SRS & 7 BRLERE TRRSSSt Shy & SO 2
observed trends such as global usage sta_tis_tics of a service that are not related to
the nature or location of the originating line. ' _

The effect of this approach can be to improve the system _reliability for
common enquiries at the expense of uncommon ones. Such a system thus aims to

20 automate thé most common or straightforward enquiries, with other calls being
dealt with in an alternative'manner, for example being routed to a human operator.

h As an example, Figure 1' additionaily shows a CLI detector 20, (used here

only to indicate the origihating exchange) which is used to select from a store 21 a

. list of likely towns for enquiries from that exchange, to be used by the control unit
25 4 to truncate the "town name" recognition, as indicated in the flowchart of Figure

- 3, where the calling line indicator signal is detected at step 10a, and selects (12a)

a list of town names from the store 21 which is then used {12b) to update the

town name recognition store 6 prior.to the town name recognition step 13. The

remainder of the process is nof shown as it is the same as that given in Figure 2.
30 ’ An. extension of this approach is to iriiprove the system reliability and
_ speed for common enquiries, whilst using additional information to enabie the less

common enquiries to succeed. Thus the less common enquiries are still able to



town (say) with a low'score is not considered to be justified, whereas

retaining 3@§aller town with the sanme score m ght be.
t he scoresa’(%‘%{a1 recogni sed word may be weighted by facto?ﬁﬁé}%@ﬁﬁégt on

t he nunber of entries referencing that word, in order to achieve such

differential selection. I n tige exanpl es di scussed above, a |i st

of words (such as road names) to . be recogni sed is generated based on

the results of an earlier recognluon of a word (the town nane) .
However it SHecasstbyideauismmpre pprtiand infermatiqn tadecsnpiied bythereaiergthani on

step or 'ntlt:é‘@oﬁ!h%h AGuiied dduirgor ds; they could equally well be
sequences of words. One possibility is a se uence of the nanmes of the

letters of ~ tAS anl prample congidercRights 8a.q Thesspakeniowisndrpe is askadhfarane
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answer to the ques i ease spel ters
nane. g f names)rarbmngorﬂxa(redluasteus baraallmsowntuetﬂla( &4 identity 12a. Vlﬁe%/td\3830
PCT/ GBQS/ 02524

di scussed POPEREPITE| tHR)EPPYeN tovyy pamestere L2b- This ‘Erﬁ'ées(?r'aé?e'&fca Ui ti on

be the sh&@ien Biguid® serfacr AaditioRslR), pk taé spéezhie glattsed fdr reCogHidOH €
natural to ask for the . qg:cvl;),g_)_ken _g rst, followed by the spelled
versi on, ti§otigred for;lates reres H'°P033£D lé%gestr 'CtEdttﬁMﬁ Pame et 3see 4 tte
sequence) reco?mtton 13 will typichify B& 2wl dtablBrPEsNeR %Sﬁéﬁlﬁéérﬁrbr%@{loﬁ he

recogni sers a .
nanes W9 cof ginguiriete ndtraeyvorfranithineghis vocahulary h'é FM@PV@Idr@@ﬂ@neﬁv are

deened to Q@%;S%,P&S ng gﬁ?@mes %q%uulé} Wkﬁm%laﬁw tu%@ this re&‘én&ggsﬂog\ln of ©

permt outpu message 1 n'the event at a rea

‘ accurate mmmsmaseme theoad. name $toresamdhsentinue tasetesenitisdain Htgqrelize desired.
_ This 10 could sj r{ﬁ )(N 8 .Switchin nua
: ftheword i

‘Alternatively f uf s rFﬁ?Wﬁt%%ﬁeWﬂyo%ggﬁroéc o&aﬁ@g{yﬁtﬁﬂoéaopg, as
- shown in fédifidends then &n tddiditional- mee¥8gEIAO ia m@wdccmfasklaneecauat ¢dr Aord1as
still resulted in fo gssi bl e candi ecause of the
< quest i dRabh '%Eﬁ?'aé";}' 19 pihis 636 HS g?‘u?'t’?fef"‘f‘?e%&?@% qlé he town name.

Slmultaneously, an additional re-recognition of the spoken town name 53 may be
performed which can recognise any pf the possible town names in the directory.
In this example" we assume that four town names are recognised 54. At the same
time, the caller may be spelling in the first four letters of the town name 50 and
20 two spellings 51 have been confidently recognised. These two spellings are then
expanded to the full town' names which match them 52. It may be necessary to
anticipate common spelling errors, additional or missing lett_ers, abbreviations, and
punctuation in the preparation of the. spelling vocabulary, and ‘the subsequent
matching of the spelt recognition results to the full town names. Assume iri_ this
25 example that five town names match the two spellings.

"~ A comparison 55 identical in purpose to that described in Figure 2a (44)
may then be performed between the five town names derived from .the two
spéllingé and the four re-recognised town names.. If common words are found fn
these two sets, {only - one cémmon word is assumed in this example,) then this

30 town name may confidently be‘assumed to be the correct one and the road name
recognition data store 7 may be prepared from it and the enquiry proceeds as

shown in Figure 2.

ways produce aresult - i e. he town (etc) nane or

-



;)pl ayed to the caller asking for an additional reply which may be checked

ithe town

agai nst psting recognition results. In the exanple, a spelling of
1?‘."3}%?‘?‘@ requested 41 allowing all pernissi bl PCHEBISORIS of

all town nanmes in the recognition vocabul ary:-:Fol | owi ng a confident

recognition 43 two spellings are recognjged. “These two town nanes may

be considered nore confident than the four spoken t own nanes

recogni sed previously, but a conparison 44 of both |lists nay reveal 20 one

or nore conmon tm@theriseses.ithe ispeken fesognition 58hwil besinserrarcancham cammeary hi gh

confidenc y 43 d the
%v&fis %Hﬁ%gsf%*ﬂ@ Agf‘erﬁ FVQW ‘%ﬁ? fré’r.ro HH%% fct(ﬂmum %umﬁ

enquiry may procee exanpl e ane manner

" these - subseguant oomszamsxanmp5%|otarav.l tteheonstdademapnorraécmgmmnmd 16 both mro

conmon to a re f n n the.t eIt be retained 47
For use | MessanaBRres 4R Spalbil it stork, Wil B8 Bt 57 (Wi 1B R folirs

r ecogni% edertved/\fro tHeetvw\/@péllm 52 an&&ﬁ@&pa&nsﬂawmnamehéeedbgﬁﬁéamgaw my -
be a dlffsrent procesm&g tep not %P‘Pm []e rgi;ure 2a, for exanple.a
confirmat PEn dP 1GeeXUPREC Y FasHm o & fivoteo gRNTident jtown, namen Wase user

i n order tdpoghised.eawis tdveh ﬁHﬁleﬁéWB&‘fu'sé’&'ﬂ&@ohﬁéLﬁéQhé‘road n&HE $EHHRRIont €QUEST
for information is made. 30 It is not necessary that the response

to be recHatd goce 5@"@1%%‘!%\' proceeds #§shewn ip Figue ket e questi ons. They
coul d be words ? E&‘Qttpy ﬁrlétﬁﬁlogf“as‘\nrﬁcabular{l V%"B@I)/ 1@‘%389&()“1%5?6?&&@%6’

for systenms whi c
PCT/ GBdb/ o»bdsias descnbed above need not necessarily depend on CLI. The prepbration of

Anot her u b t he scape. of .t he
speech retfi)egﬁlsés&e) J%¢8 %%@'Hrg éﬂmﬁ%geg? 3ﬁ§ae%§%$§r%aé%?%’gd”8'ﬁ'ef He B3Rl &hnot of
previ ous exampleeﬂm@sj st thecappréathinftaskingsforadditibai ieformatiai, a8tshown ial evant
to the enguir rectoyen stemthlsma beaS|€naI
i Cat nEIOBIRL3%,TIaY he e Ay RB et gt b SortRFesaitE mes Kat arfigen
identity Gfdlal o@éer@e&bQE@&tula@éﬂ"béﬁa\bidw caR IR b&uBaY tdGestrict a Q5EhGINSLG- 1N a
simple i Ierrentatlon this may be used to restrict town nane

recognid i twetmstqsehmnamﬂqr ovax &e GLh defjued inferrpatians asd¢arc signalsxchange
ar ea _indicating the destination of a call. For example, callers may be encouraged to dial

different access numbers for particular information.  On receipt of a call by a
common apparatus for all the information, the dialled number detefmines the
subset of the vocabulary to be used in _subsequent operation of the apparat'us.- The

20 opera.tion of the apparatus would then continue Similarly as described above with
relation to CLI.

Additionally, the re-recognition of a gathered word that has been
constrained by additional information such as the four letter spelling in Figure 3a
could be based on any kind of information, for example DTMF entry via the

25 telephone keypad, or a yes/no response to a question restricting the ,scépe of the
search (e.g. “Please say yes or no: does the person live in a city?”). This
additional information could even be derived from the CL! using a different area
store 21 based on different assumptions to the previously used one.

In the above describ'ed embodiment, no account is taken of the relative

30 probability of recognition, for example if the town recognition step 13 recognises
town némes Norwich and Harwich, then .when, at road recognition step 18, the
recogniser has to evaluate the possibility that the caller said "Wright Street”

(which we suppose to be in Norwich) or "Rye Street"” (in Harwich), no account is



to that of the caller. In a nore sophisticated systemthis identification
of the c i | i ne or exchange may be used to access stored

i nf or mati oW%%P‘ﬂ'gd to 10 indicate the enquiry patterns of ROTGEBIFNRMEI ber
- in question or of subscribers in that area (as the case may be).

For exanple, a sanple of directory enquiqg es in a particular area m-ght

- show that 40% of such calls were for nunbers I n the sane exchange area and )

20% for immediately adjacent areas. Separate statistical patterns night
be 15 corrpaHeadoff the fagtithatstheospokesitdemt bare 4 closer, resembtancelitd f'&NoeWwich"i Mes
of day, r " ve S ag 0ol obal. usage statistics of a
service thgf aﬁed“hé F@ a'fta:'d Sf hbsind hivygvnmét ﬁ}egre&r,agma% BiPecqranged to
ori gi nat i ngrddune.(in known manner} figheesedrf ‘szbresf |hdﬂcanrfy0ﬂfeaefé1nveéh”mm|t9(bf

i nprove the emreliabili nmon, uiries at the expense of
“unconmon oﬁ%é}/ gﬁr&?l Ca"‘ygitﬁad‘ﬁ‘%%'sda%ﬁ“% geeogniser ﬂbﬁ%ﬁ grigingl wiseraneg#ren or

. strai ghtd onamfedrherwupésees;arommlhy@v epei@tRSchrfdciBne. TheS@ktordh ithyl theAN

i -alternative manner, exanpl e being routed to a human operator.

As an exanpf ée*alﬂieém"@'sl aeﬁ&é’icﬂ"l‘6m¢y”§ﬁﬁﬂ§e@°&¢aféb@%@o¢ef% a igtdthder e

“only to | “@dc%%hl%r& ngmg rdehQ a,bkﬂges@ﬁée hﬁi&gsmamh‘é@ ateretsibd 16 the ?AC&QBISL& o[noab o

. store 21 a l1st of ely towns enquiries fromthat ex
' .used by t heortdsat rTEhesemetw wcamim tteruacmae thee be @ivennthee scores ahat tthe)n, as

i ndi cat ed calling_ lipe

I ndi cat or %ﬁbetr?gﬁnéh gﬁ'bggxlgtﬂté %?é 'ﬁeqLOa{n Stgﬁgggéeﬁ"é% 4 a( T’°§%)°gme #%ml ?st of
t own nddesmétabmwlithe nﬁrermaa lomeh |red:bgnisetihmrd1 sefdthel Phgvidud wpedtivtary,hehe

t own nane re(;(ﬁ_glnluon ‘ﬁtt%re 6 t own n reco nition step 13.

hen AT RERE She dtaT ueRey e Saeces e Rse otes Bay Iethat

given in Fgdtdeada p?ﬁm probabilities/td mtmlreébghftrdnhét%g@ﬁ@rb%cfhe' seidcRiohPr ove
t he system rel i abi | % and speed for comon_enquiries, whilst using

" addi tional "I'?lf"@t’/rﬂ?t' mentet fpthe qrﬂ%eqs‘é@glcted incienre # %EﬂJPWises to succeed.
Thus the | ess common enquiries are still able to. - WO 96/ 13030

| PCT/ GBO5/ 02524 . 14
: 15 Step 13. The recogniser produces for each town, a score - e.g.

~Harwich 40%
Norwich 25%
Nantwich 20%
Northwich 15%
20 _ )
Step 15. When the road list is compiled the appropriate score is appended to the
road name, e.g. -
Wright Street 25%
Rye Street 40%
25 - North Street (assumed to exist in both Norwich and Nantwich) 25%

and stored in the store 7.

Step 18. When the recogh'iser comes to recognise the road name, it may pre-
.30 weight the receghition network (for example in the case of Hidden Markov Models)
with the scores from store 7. It then recognises the supplied word, with the
resultlng effect that these weights make the more likely words less likely to be

prematurely pruned out. Alternatively, the recogniser may recognise the utterance,

-



‘succee'd but require nore effort and information to be supplied by the

caller th ' he commobn enquiries require. n _exanpl e
.consi der gﬂé’ff@?& The spoken town nanme is asked for @’%’?% CLI
is detected 10a. As in Figure 3, the CLI is then related to town 5 nanes
comonly requested by callers with that G.I identity 12a. These town

nanmes update the spoken town nane store 12b. This process. is identical to

t hat shown in Figure 3 so far. Additionally, as the speech is gathered
for recogniand @djust its resulting scaree@fteoredognisionraccoelingyth theopordentsTefestore
restrictedot oy : Ls . L] L] | LC y be
a small vo,gabu lgp%gggég%f'ﬁg%go‘é?%%!q?ibcegﬁ{'t E)‘r?gg%?ta H;ﬁpf% %%%r?&%%/erg%bgu If a
wor d wi t hi hothhioptiows pmplagate the sghativenlikatitoed rffi afeentry finally beiogpgelesesti 48

t hen the epquir i medi ately use-this recognised.town or . sto
prepar e thﬁg%a‘écgg I rystt%r‘éocgﬁlgxré’om fé]rugxgrﬁ%és%om%[ggang \Ifl\phlgl Qﬂftéwﬁ'.gg‘?gg]

| f the vBr dptisn,rie ¢iog récogtisars waidngaveuassighedothet sterasosiab0bar30%rarll 10%Or
confidence then an_addi téon I messgge 42 'és %Iea%ed to ask the caller for
more 15 i ntorHEEMoRtreqhi RYP Streehiand Nowh; Streeferesppetively, then dhe cweighted he

t own nane. ggores Adiid beneously, an additional re-recognition of the spoken
‘town name 53 may be perfornmed which can recogni se any of the possible
town names in th¥right Sgreet (Norwich) 2§ % pri @0%xanfi% we assunme that four town
names are recognj vop Ll the caller may be spelling
in the first f ou-‘rw?gtﬂ?gtr(s'é@fv;c{ﬂ gé?%r&nson/arre1 and 20 two spellings 51 have
been coiff i dent | yNorth &greies éNbrwitteand Naotweipbl 25%gs 1@ =t B&E% expanded to
the full town nages, which. match th 52. |t nmay,.be necessaty,io .

anti o pat e commonPaiBbAIFRRps s B aPirsh oafln fof ind SR iz Lrzs. This

“abbr evi at i @rj@st sHedexampl@ b8 lsbitér® Fori stotdprapagaxsrat i on of the spelling
vocabul ary, and the subsequent - matching of the spelt recognition
results to the flg PPSRIITY Al ewitching 19:2 Manpp)apesator B thsavent ahe "failvee™t own

nanes mat Cloddifort WEs SiPGdYIB¥8R mentioned. AlternétivelTB Usks B5uld Bichf§Bd 8ded! N
purpose to that described in Figure 2a (44) may then be perforned

bet weerd & hto fepgat thanactiemiiat iasi Rtdoganoracogrisedyy Howevgpefurthesauternatede f our
re-recogni - are found in t hese two sets,
&%m&:ﬁi undidr 12 i nn%@ﬁﬂbﬂé

(only one co assune I's exanple,) then this 30 town nane
may confidently Aefailgeuceodition hxant he. identitied bynaotngl lewerecogdiseqmetput
Lo oo Llhng%ﬁ%?%’?aF?’tb%& gexges”;‘?% RGmBLEPSY Aiobhihd 'WorBl ' Aiing Sitiilay sRbgeeds

(whether by reference to local scores or to weighted scores) or by comparing the

20 scores with those produced' by a recogniser comparing the speech to out-of—
| vocabulary models. Such’a féilure condition may arise in an unconstrained search
like that of the town name recognition of step 13 in Figure 2. In this case it may
be that better resuits might be obtéined by performing (for example) the road name
recognition step first (unconstrained) and compiling a list of all town names

25 containing the roads found, to constrain a subsequent town ﬁame recogni-tibn step. -
Or it may arise in a constrained search such as that of step 13 in Figure 3 or steps
18 and 23 in Figure-2, where perhaps the constraint has removed the correct
candidate from the recognition set; in this case rerﬁoviﬁg the constraint - or

applying a different one - ma\} improve matters.

- 30 Thus one possible approach is to make provision for récording the caller's
responses, and in thé event of failure, reprocessing them using the steps set out in
Figure 2 (except the "play rriessage" ‘steps 11, 14, 19) but with the original

sequence town name/road name/surname modified. There are of course six



WO 96/ 13030

PCT/ GB95/ 0gipd | |
I n ot her cases{la?sﬁe spoken recognition 53 will be in error 5&%;‘-?{’35@6%n

words will be found. Alternatively, the recognition of the town nane 53,
and its subsequent conparison 55, n8y be considered optional and
"omtted. In both of t hese instances the spoken town store will be

updated 57 with the five towns 5 rived fromthe two spellings 52 and the
spoken t owPEFABMEHIGNS- P{ec%@sﬁ'r -\é\&i‘ea@%‘iﬂﬁ choose fgat opfy (R nerel RY| tese (whigh

assumed t halpehefitd Shéiws 96 bb 488 dsP kel A5 Dravilee an impréePsltts €Fhe rBBLIR of OWN
name may be used to configure the road nanme recognition . data store 7

and t he entyshrd reprecsessing cesid ko wsed dlopegaf goyld be combined withrhe previober at e
restricti I I ' [iShs [ wor ds as
descri bedq%[s)@ft/ea’r?\esgﬁ’aﬁg{ a‘#féé{eg’s°§rgie?“y'w§§%%’ﬁg*8n Cl_old.‘ P ee\é ;s)ésgpar ation of
the roa8 nane vobmithempgssihiliteds g performearpgdditionsl seanchromittind sné tstadef an

exanple of_this. a he Q¢ fe i or_additional information, as
shown in and %"&Tﬁ’{él'gﬂe r?fg")?-tgbagqégteh ' Fﬁalagﬁggps‘&c _asfeést ricted recognition
resul ts are not Ifa¥sirddnprocessingd wsired talas dorv etbralr spetstsghaemabsbebaldi beir can

al so be used to restrict a vocabul ar 5 .(e.qg. the town stor in a
| sinilar WrWEﬂlr°%?X/gameﬁfmqYé’ﬁ%eraga"é@n&ﬁdﬁi‘?ﬁg tore "f‘ﬁ?q‘?%%\\fﬁ My the
| destinati qydftfondl SéddencE Fhigh 8sMRRNCE BetdRs ToffitYetPR EMEHRUARECFbr! dkafhpid
di fferent access nunbers for particular information. On receipt of a call

by a 10 dismfigurephlarest gdditienalq|uncepstraingcr'mead GAMel hseatrh| B@ dcouidrbke
determ ne Rt ; (@ o] S o noo
. operati on%oewaﬁﬁgd a{ovg'ar at uégoﬁé{ﬂféfohg ggéeﬁr Zé%ér{ g ﬁ?#eﬁgppgﬁﬁzﬁ\%ﬁ% t hen
~ continue sinnburaemenas krescthiheal lishol sumanes is compliled () and The surname

" Const rai nélBy AR (9gTa Ot P duPlans ShE Aot B0 OV oBBEE i a,g |
Figure 3atown sdmié disbendyasedcormpilady(34) rahdothei rivar matrieostord apdavedn{dse. DTMVF
LY b 8 eS8 PR P Bl e BB B B AT PR e
| the personeddghised Phe idskifts Jof thd kwd recogrittish bioeasEesi rap e betorpiled, even
. be derived fromthe CLI using a different area , .
suitably be selecting {38) those entries which are identified by tgpt_h processes.
Alternatively, if no common entries 'are found, the entries found by one or the
other or both of the processes may be used. The remaining steps shown in Figure
20 4 are identical to those in Figure 2 . _ |
The technique of storing an utterance and using it in a restricted-
vocabulary recognition.proceés following recognition of a l_ater. utterance has been
described as an option to be used alongside sequential proceésing, as a _crdss-
check or to provide additional recognition results to be used in the case of
25 difficuity. However, it may be used alone, for example in circu_m#ta‘nces Whére
one chooses to have the questions asked in a sequence which seem'natural to the
user, so as to improve speed and reliability of response, but to process the
answers in a sequence which is more suited to the nature of the data. For
example in Figure 4, the right'- hand branch only could be used (but with steps 14_,
30 17, 19 and 22 retained to feed it) - i.e. omit steps 15, 16, 18, 20, 21, 23, 38.
The use of CLI to modify the expectations of a speech service need not be
-restricted to the modificatic;n of expected vocabulary items as 'already- described.

Enquiry.systefhs that require a certain level of security or personal identification



"store 21 based on different assunptions to the previously used one.
~In the a rlbed enbodi nent, no account is taken .of e 30
‘probabilsgy ogﬁrecognltlon for exanple if the town recognk&ﬁghgéﬁ%%

recogni ses town names Norw ch and Harw ch, then when, at road
recognition step 18, the g ;'recogni ser9 has to evaluate the possibility
that the cal I er said "Wi ght Street™ (which we suppose to be in

Norwi ch) or "Rye Street"” (in Harw ch)r no, account WO 96/ 13030
- PCT/ GB95/0@%;8l50 use CLl to their advantage he origin of the telephone call as givgn by

taken of thoeLl Al dehdded! taCxeRBEABmM! £ YHord W& idnfityOSLA niRBEF B RARFdJaR
"Norw ch" ~than it did to "Harwich". |f desired however, the

recogni sé‘ﬂOWﬁ‘yt%ﬂl%FYﬁﬁ@eH’ b related tq,thig erigin.i nlhis Sipren@AncSo Lorfaires or
'scores” %&gg&a i dpaBehl ShichY & Sdifdlabip! l,&mféaf to_have ®&ifle Ofrofa Shed1d! dat es

i dentifie e recogniser to the original utterance and hence t he
supposed lrp.h'obaais I'il yhese i$ tonlyewmlrldheduablaumwedleo a’Ehesaatlmcgwen; seppce hen

be retained i l,st. a . sear |rector erive a
"Fst o g Y94 o giaBarBiti. | Jf1E SGren nas Faale 8RR SRR IR e b o o
rel at ed nteanBeofr eddifjona deformationwe.ds .a DTMR oﬁ@#okaﬁaietdohéy iden€ifiBatigty t hen
be given th ac res th%tgthe Orreﬁgt?\ndld\,ﬁ machl gword attai ned. In
t he case”l/lﬂg’le et SPIKSRHTSrBIReaMAY (Pe PR lIer apd GREPAERGLgNI sed
word of iith feS¥toRdts systchpHttinys addtRiated wufﬁiiﬁdilﬂﬁlﬁﬁﬂrlﬁeﬁftytlh%r&é’l'oto”ay be
selected for exanple. These scores ma% t hen be fed as a priori -

proobalf? | vefitysthap the, persan tis WheoihgY tsayihat they #re. bllaernlaweel\é.err dhere e a
FThis oy BifiobfTBt AERAIGA bdbobiRfed WRRTAE ARIEIEnd fehtifl bt Ealief Rlc-l\,OWS
gni ser produces eaCh town, a score
Har wi ch be%etermmed by gatheringva @nolg_e;%ltterance from the caller and comparmg it
with stored speech patterns for each of the individuals in turn, selecting the most
likely candidate that matches with a certain degree of confidence.

15 The CLI may also be used to access a store relating speech recognition
models to the origin of the call.  These speech-models may then be loaded into the
stores used by the speech recogniser. Thus; a call originating from a celiular
telephone, for example, may be dealt with using speech recognition models trained
using cellular speech data. A similar benefit may be derived for regional accents or

20 different languages in a speech recognition system.



Nantw ch 20% Nort hwi ch 15% 20 Step 15. Wien the road |i st
Is conpile ropriate score i s appended to the road nane, e.d.
Wi ght Strgg{)gg\’)@o%) Rye Street 40% 25 Nor PET/GBP4zs3¢
(assuned to exist in both Norwich and Nantwi ch) 25% and stored in the
| store 7. - Step 18. - \Wen the recoggpi ser cones to recogni se the road
' name, it may pre- 30 weight the recognition network (for exanple.in the
- case of Hi dden Markov Mdel s) with the scores fromstore 7. It then
recogni ses the supplied word, with the&CLAIMS esulting effect that these
wei ghts make the nore likely words less likely to be premat.urely pruned
WO

out. Alternatively, the recogni ser may recogni se the utterance, -
96/ 13030 T. A speech recognition apparatus comprising a store of data containing

PCT/ GB95/ 02524 G , , - 17. . and
adj ust its ?'ég'ﬁf £9 Rg idqnified ang inferpation, AFYNIRS, 'Y RSP ATHY 7 §ORIRSUEB WIthAs of
store 5 wordlbf 3 fier et gipivbrds gdoui cbddetiorb e Btwbi@ 6ha seebherset of

mat chi ng process,. but bot h options propagate the relative likelihood
of an entryWPid%al |y being sel ect ed from vocabulary to vocabul ary. For

exanpl e, CofelR rddHgnition Medis; ¥R 64Psl méarigerdble:i T the recogni ser woul d
have assigned the scores of 60% 30%and 10% = -to Wight Street, Rye

| Street and North (8lre2q toespetali tha \spepeh repeanilioryipeans as to identify by
reference to recognition. information for the first set of words as many words of

10 the first set as meet a predetermined criterion of similarity to first réceived .voice
signals;

- (b}  upon such identification, to compile a list of ail words of the second
set which are defined as connected with entries defined as connected also with
the identified word(s) of the first set; and _ _

15 "~ {c) so to control the speech recognition means as to identify by reference
" to recognition informafion for the second set of words one or more words of the

list which resemble(s) second received voice signals.

2. A speech recognition apparatus according to Claim 1, .in which the speech
20 recbgnition means is operable upon receibt of the first voice signal to generate for
each identified word a rmeasure of similarity with the first voice signal, and the
control means is operable to generate for each word of the list a measure obtained
from the measure(s) for the relevant word(s) of the first set, and the speech
recognition means is operable upon receipt of the Second voice signal to perforrh
25 the identification of one or more words of the list in accordance with a recognition

piocess weighted in dependence on the measures generated for the words of the

list.

3. A speech recogm‘tioﬁ apparatus according to Claim 2 in which the control
30 rheans is operable to weight the measure for each word of the list by a factor
dependent on the number of words of the second set which are defined as

connected with entries defined as connected also with the relevant identified word

of fhe first set.

A



scores woul d be: - Wight Street (Norw ch) 25% x 60% = 15%

Rye Streetw \qu%h) 40% x " 30% = 12% 10 North Street (Norw ch and
Nant wi ch) 25% %= 2.5% Similar nodification BPSERSMour se
occur for the steps 20, 21, 23. This is just one exanple of a schene
for score propagation. The pessibility of switching to a manual
~operator in the event of a "fai | ure" condi tion has already been
mentioned. Alternatively a user could sinply be asked 1 5 to repeat the
action that has not been recogni sed. However, further autonated st eps

~may be takepn undeg %@éé#?@co@ﬂi‘?ﬂhtédﬁ%&tus accordlng to Cfént‘\ablc}}rf |ﬁcw ICL E'n can

be identified by noting | owrecogni ser output 8ssi ve
nunber s of .coatrolymesand iscangsabde [to it feprai thel list thosy emords of(m’eetmhdbset

reference t C r.t hted scores) or by conparing the 20
h%vL% fl'ne%g%c C?Q%a the\éﬁé@ ) .

scores with se pro a recogni ser conparing the speech to out-of-
vocabul aby nodel s. Such a fal lure condition may arise in an uneonstrained

- search 5glke ':g fh OWN _nane reco tion of step 13 in Figure 2.
Tnthi's cade it dgPesh BESIERN SRS AECHNS 7 G PiSGelBs HarBdnpyhich

per f or ni Ng thé Gpparstdd® limdluddics IRe@ BeHtBining récRBARIBh 48 foF o (ot of the
(unconstrai ned) and conpiling a list of all town names 25 containing the

roads f oun&‘*"“f’!ﬁj 8¥nand H?%C‘H‘t%m%?(ﬁ'ﬁéﬁtOPFEﬂM? frllpwinethegeempilatioptafpthe list O
it may ari %ﬁd'ﬁbf@rec%ﬁéﬁlﬁbﬁ‘%ql tﬁ@%mﬁa(sslu&fht Siigth3tmafk & fRR lje%obﬁnghg&gtg 3 or

st eps 18 and 23 in Figure : aps the constralnt has renoved
t he cort@cistore thesmitematcd data)metfﬂe wbzcbg:wnesmmtm thei wotdsi sotciastberlistavi ng

t he const r%&t Yvhﬂ:rh corres?ﬁ% XB r‘/gor%sckwmcﬁrggtm 'ﬂSquF ¥v£18r 58 tﬁ\éerteﬁgé%g{:r? T er 32

Thus one pOSSIb make provision

responses, niadsima igeom/ah\lvom‘s §oanhmea ,or/ espectdes/, mgt hivekedisi ng the steps
set out in Figure 2 (except the "play nessage" steps 11, 14, 19) but
with the original _ seguence town nane/road name/ surnane nodified. There

are of cougse sin speech recognifdrPBpgdataiid according to claim 1, 2, 3 or 4 in which
PCT/ G|395/ 02524
the control means is operable following the compilation of -the list to generate

‘recognition data for each word of the list.

7. - A speech recognition apparatus according to any one of the preceding
claims in which the control means is operable to select for output that entry or
20 entries defined as connected both with an identified word(s) of the first set and an

identified word of the sec'dnd set.

8. A speech recognition apparatus according to any one of the preceding
claims in which the store of dafa also contains information defining for each entry

25 a connection with a word of a third set of words, and the control means is
operable: | '

(d) to compile a list of all words of the third set which are defined as
connected with ehtries each of which is also defined as connected both with an
identified word of the first se"c and an identified word of the second set; and

30 {e) so to control the speech recognition means as to identify by reference
to recognition information for the third set of words one or more words of the list

. which resemble(s) third received voice signals.
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18 pernutati ons of these. One could choose that one (or nore) of

t hese whi q{;o.%,#m@xperi ence shows to be the nost likely to p%g&
?ﬁgg‘he, or

i mprovenent. The result of such a reprocessing could be

coul d be conbined with the previous result, choosing for output those
.entries identified by both processes. 22 - Anot her possibility is

to performan additional search omtting one stage, - and conparing the

results as_for the 'spelled i,né)ut' case. - .. : | f desired,
‘processi ng2usi ngPt IRESEBreRFUYOTs FPRIIEH, BFALING NP AnyPne of thes preseding
routinely gt @iciddiey ridaing tansiere fafiibast CorfeObflithd Peceived QoicB MigaislelRyS an

addi ti onal sequence m ght commence before conpletion of the first; for
exanpl e 103PRAFFHUEbgINCArEANIge ta #arfernd 78| additipnghrecpanitie) Process imwihich thear ch
30 coul d bgyntrat md%ﬂgfisoggggb‘gyvithout recording the road name) during the
"whi ch surnane” announcenent. Fromthis;, a |ist of surnanmes is

conpi |l e® (31) ani@ t hso star ganteol the speech: nepdgnitich (B@Ins @sc¢o t identfyr bgnes

fromthe | gt ve b I ' (§ : | gt & b

conpi | ed (‘greaikit RESOUNAT ReRsEbsl 3P bnfsprof whdllolWBhad e P ee o361 e
spoken t ovpluraiityeof pioeds olUtHay set auhich miset b gpeditenmiped eriterionrafiigidragdo The
results of the two reco%nition Pro esses may then be conpil ed, sui tably
be sel ect i HE "BRBFUVR LREVEINAESIPARN are i dentified by both processes.
~Al'ternatively, i) no t6Qsrpne &M sddifiorsd Qist @uRl, wblde GNirdtRer §&URHicRYargne or

t he other or both of the processes may be used. The remai niing steps
shown 'R Mefined gsoconnegted witbnenteigs definedh @§ccqnpesteg glgo with the identified The —~
t echni que @gr-dgtoqrthggn@geﬂta;\grance and using it in a restricted-

vocabul ary recognition process followi ng recognition of a |ater utterance
has been dedcr sk ¢al castroirthe spee¢h resopnitiondueansoasyts identitycone refecence
processin S a.Cross- . ' it I i ti.on
esul s 1 qonEeluipn ormenionddp her et WArHE oRE'H PR NoriE SR S8

al one, f oradeitiompl kstiwhich resembleisicthe redpectve received voliceosignsals.o have t he
questiggs asked in a sequence which seemnatural to the user, so as to
| nprove¥speed and reliability of response, but to process the answer s
_in a sequerye WA gPeddh rgebgnifion tapparatus Becondihgte Clhin I9eindRidihg means to
exanple in Figure 4, the ri_ght ~hand br.anch onlq cg,u_l d be used (but with
steps 14, reepgnisg a fajluse gonditipn ang fajnitigts tegsqid pdditional regagnitien gracess; 16,
18, 20, 2lonn2id the%vent of such failure bathgu@BogHisdd.! to nodify the expectations

of a speech service need not be - restricted to the nodification:of
expected vocabul ary itens as..al ready. descri bed. _ _
20 11, A speech recognition apparatus ,at:cordi_n'g to any one of the preceding

claims, further comprisin_g a telephone line connection; and means res_ponsive to
receipt via the telephone line connection of signals indicating the orig'i'n or
“destination of a telephone call to access stored information identifying a subset of
at.least one of the said sets of words and to restrict to that subset the operation

25 of the speech recognition means for that set.

12. - A telephone information apparatus comprising a telephone line cohhection;

a speech recogniser for recognising spoken words received via the telephone line

~ connection, by reference 'fo recognition dat_a ‘representing a set of. pbssible
30 utterances; and means re’sponsiv@_a to receipt via the telephone line connection of
signais- indicating. the 6rigin' or destinétion of a telc-;ph_dne call to access stored
information identifying a subset of the set of utterances and to restriqf the

recogniser operation to that subset.
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'.Enqui ry systenms that require a certain |level of security or personal

i denti fi c¥d 13030 WO 96/ 13030 :

\PCT/ GBOS/ 02524 PCT/GBPS/02524

al so use CLI to their advant age The origin of .the tel ephone call as given

by the CLI may be used to extract 8oma store the identity of a
nunber of i ndividuals known to the systemto be related to this
origin. This store may al so contain representative speech which is

already verified to have cone fromthese 5 individuals. If there is only

-one i ndivi ggal aﬂbbﬂfatéeé’ccbm:ﬁ&%%%aﬁwhﬁz Gh\WeRicR *’t‘ﬁé’ lapBaratus ihERARS BStore
designated origin, or the cal has made a specific claimto Identity by

~ means of a@mraﬁnmsareqqsnmona@atenfq ea"gWOadﬁDﬂf/lihérSgpé'kfteﬁhﬁmhlmeans is
| denti fi Ca&&e(?gble 19 d‘ﬂgfﬁbﬁ'\r?hteua?ﬁ%rﬁn stdd BHGYaCE ?rH@Bf R I RAENCTR]dhom the

cal l er and conp tored speech patterns associ fated Wt h

t hat cl &i ntmjrasoend |tbyth|erworrdderott|o the subsef pr ttlhmate whiehpeorsaspond m/rwatdsey say
that they a Al t.er atl Y, . re are nunber . of -i ndi vi dual s
hssoct at ecpier A HE B8 b yiresy el taBhdnfion eaPrananidhare Alyverds e

det er m nedmbskedadrNRIspactivelys Rk efarkeéd.er ance fromthe caller and conparing it
wi tth stored speech patterns for each of the individuals in turn, selecting
t he nost i kely candidate that matches with a certain degree of

confidencei415 Apparatus ﬂ&@roﬁd 10T $2 iRAwHIERAhE RoRfrBFARads i Bp&rabR! at i Ng
speech recognition nodels to the origin of the call. These speech

model s TRaytorganerase reepaméition date ferrach worgiafithe subsat. by the speech

recogni ser. Thus, a call originating froma cellular t el ephone, for
exanpl e, may be deal t with using speech recognition nodels trained

usi ng cel | 1B.ar speelephose appdkamsmdrmnélr@afuetephwye liee ceennewtibnf ar spesghonal

] accents Orregggmgérff];?ag ermlnl ngggrageq'%yl tﬁe ?cpen(ta’l(t:y o¥ %Sn:eogpealker of gﬁ’cﬁ(en words
received via the telephone line connection, by reference to recognition data

15 corresponding to a set of possible speakers; and means responsive to receipt via .

the telephone_ line connection of signals indicating the origin or destination of a

telephone call to access stored information identifying a subset of the set of

speakers and to restrict the recogniser operation to that subset.

20 186. A telephone information apparatus comprising a telephone line connection; '
a speech recogniser for recognising spoken words recei\)ed via the telephone line
connection, by reference to one of a plurality of stored sets of recbgnition data;
and means responsiQe to receipt via the telephone line conneqtion of signals
indicating the origin or destination of a telephone call to access stored information

25 identifying one of the sets of recogn_itien data and to supply this set to the

recogniser.

17. - A telephone information apparatus according to Claim 16 in which the
'stored sets correspond to dif‘ferent languages or regional accents.

. 30 ' : - -
18. A telephone information apparatus according to Claim 16 in which at least
two of the sets correspond to the' characteristics of different fypes of telephone

apparatus. : :
-—
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WO 96/ 13030

PCT/ GB95/ 0 -
CLAI M5 %5’86@3»30 A speech recognition apparatus conpri si@g”?{“&?’é of

data contai ni ng entries to be identified and information defining for
each entry a connection with-a 5 wordgf a first set of words and a
connection with a word of a second set of ~wor ds; speech
recogniti on nmeans; and control neans operable: : (a) soto
control the speech recognition rreans as to identify by reference to

000N L1 0N 4N OF ol el Okl Snchilie Aot PEIGIRYS, YU R Zne 0

first set a heet cr| erlon mlartt Lei ved
voi ce fHegseak Sorresponds to the chdrbgteristigsoof & mobile thiephohe@h’anm., to conpile
aljst of all words of the second set which are defined as connected
with entries defined as connected also with " the identified word(s) of

the firsts sgp;, anpl sheech recognitiot @ppsratdsocdmprisi): t he speech recognition
means as to identify by reference to recognition information for the

second set of V\orél§tQ5ﬁé’38P'"ﬁﬁrf€s¥/\5?td§ Wprdehe “1ist which resenbl e(s)

second received VQisfie HeflRRhS second set & words; A speech recognition apparat us
according to daim1l, in which the speech 20 recognition means is operable

upon recei pt of taetdre contaiing entsies)tebe idergidiady ate f or each identified
wor d &, measure, of o Stk LAhtdning rbird¥En blefhg YR Entth 99 wodih 0 %ist ser

control neans is enerate for a neasure,
obt ai ned0 and tooamideg ofrelas seodhd)sef;or t he rel evant word(s) of the first set,™

J0i co i gnal o HREPEh IO, TR AT PPRRR [ BROBRE G NRbFRAIUE 0Pt ho

list in accigeRCas Whbhy avéras Ogitid Gilst set @Ak OMBES a\\piedetermhired FEPGAIGIBACE ON
t he nmeasures tgenerat ed for the wor ds of the :
criterion;

means to generate a list of all words of the second set which are related
15 to an entry to which the identified word(s} of the first set is also related; and
speech recognition means operable upon receipt of a second voice signal

to identify one or more words of the list.

21. A recognition apparatus comprising:
20 a store defining a first set of patterns;
a store defining’a second set of patterns;
a store containing entries to be identified; _
a store containing information relating each entry to a pattetn of the first
set and to a pattern of the second set;

25 recognition means operable upoh receipt of a first input pattern signal to.
identify as many patterns ‘of the first set as meet a prédetermined- recogrtition
crlterlon, ' o '

means to generate a list of all patterns of the second set whlch are related
to an entry to which an |dent|f|ed pattern(s) qf the first set is also related; and

30 recognition means operable upon receipt of a secortq input pattern signal to

identify one or more patterns of the list.

22, " A speech recognition apparat_ue eomprising:
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list. 3. A speech recognl tl on appar atus accor di ng to daim2 in
whi'ch the yw@9§ffhe 30 neans is operable to weight the mas“ﬁ&%ﬁ?ﬂ@ﬁiﬁ word -

zof the list by a factor dependent on the nunber of words 0 e second
set which are defined as connected with entries defined as connect ed
also with the relevant identified word 25 of the first set. WO
96/ 13030

PCT/ GB95/ 02524 = - . R 21 -
A speech recogni fi ¢h sé?fﬁa? L0 SPRWINING Frtdeste bR Hentifigd | sndyintormatien

control NMeagfinihg f@peaableﬁugca edhrlectibPWith @ digsdl dffm@stthdo? Qg énmnaeéiond
set _having a neasure bel ow a threshol d. speech

recogniti oﬁoa’MFé'PatVM'éh avd of agecend sgt o wekds: ng ¢l ai m in which t he
apparatus incl udgg rﬁea?'nts%f’lo%ﬂﬂfﬁﬂd‘h'?gcén?&ﬁﬁghél'ﬁ%ncd#?etsaoﬁ ho % lasRidle P! Lhe

second set and the control neans 7 s | owm ng t e conpi i On of
the |ist5 the fimndebas meet a grasigrerminad Qritetlm; word(s) of the list to mark in

the recognition g geifh Sane obUARR il Sai¥ o 81 8 ISRl o HehcBal keppond

to the words not "I ose corresp i ch
are int hevdh'uﬂt are\defiredayad bmrreengmm emtries definedias comyect@dodiso &bith Wy ds so

mar ked or, jve not 6. A speech recognition
appar at us Pﬁ‘?ﬁ@"?'légl’(ﬂfaﬁ‘?ﬁ'?t sEt' a\?dor 4 in which 15 the control neans is
operabl e fol I oV 1) tdpRedOMRLIGHiticH Abardoperdbtie {0 GEEIRARAL By reference to

10 recognition information for the second set of words one or more words of the list

which resemble(s) received voice signals.

23. A_speech recognition apparatus accord'ing to Claim 22 in which the first
set of signals are voice signals representing spelled versions of the words of the
15 second set or portions thereof and the identifying means are formed by the speech
recognition means operating by reference to recognition information for the said

spelled voice signalis.

24. A speech recognition apparatus according to Claim 22 in which the first
20 set of signals are signals consisting of tones and the identifying means is a tone

recogniser.

25. A speech recoghition apparatus according to Claim 22 in which the first
" set of signals are signals indicating the origin or destination of the received signal.
25 '
26. A method of ndentxfylng entries in a store of data by reference to stored
mformatlon defining connections between entries and words, comprising: .
(a) identifying one or more.of the said words as present in received voice

signals; '

30 (b} compiling a list of those of the said words defined as connected with
entries defined as connected also with the identifie_zd wordls);
| {c) identifying one or more of the words of the list as present in the

received voice signals.

—_—
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recognition data for each word of the list. 7. A speech
recogni.tio tus according to any one of the preceding
whi ch the ?ﬁ?o 3;Q}means is operable to select for output thgtCTle%l%ggogg&g‘SZ
entries defined as connected both with an identified word(s) of the first
set and an i dentified word of the se@énd set. . 8. A speech
recogni ti on apparatus according to any one of the precedi ng clainms in
whi ch the store of data also contains information.defining for each entry
25 a connection with a word of a third set of words, and the control neans
is - opergpl e A speech recognifish appatati@Bomprisibgt i St of all words of the
third set which are defined as connected with entries each of which is
~ al so defined as cnAec¥Pe ohodaiaFariaiging entriegicher be | igantifindd apd infasmatipnt set
| and an i dengdgfifeftopRE8h 8htry REonREQTH @ﬂP\’a];?é'th o words, (e) so to control
t he speech recognition nmeahs as to 1dentify by reference ~ to recognition
i nf or mat Bon f or _thiea tdpeech secognitiono means mble to nidentifwobyl setereridectd issdred
\é’mcl'l'f ?Brgglsggtélﬁgé or;[ r|]r|1f53§jm &nelfélreg (Ye(ﬂn%g Eétg@f”‘bfords -at least 0|¥¥) v?oeré%groévoord 9.
A speech r eeqgénde ahichpmesent snea pestdetined) ctiteridnyofosimilarityt foca pecsivadl Woice
clains including means to store at |east one of the received voice signals,

t he a it us being arranged to perform an additional recognition
process in whi ch (ghg control riédHs dperdBtgns i s operabl e: 5 (a) so
to control the speech recognition neans as to identify by reference.to

r ecogni #Pon i nf orflat itencemapilesAelist el yyords vahich cﬂ’héef‘!‘ﬁ‘érﬁsc genmected with) 3
entries defined as connected with a word previously identified by the speech

recognition means; and
i) so to control the speech recognition means as to identify by

- reference to recognition information for the compiled list one or more words or

15 word sequences which resemble a further received voice signal.

28. A method of speech recogr!ition by r_eference to a stored set of words to
be recognised, comprising '

(a) receiving a speech signal;

20 {b) storing the speech signal;

(c) receiving a second signal;

{d) compiling a list of words, being a'sub_set of the set of words, as a
function of the second sngnal

le) applying to the stored speech signal a speech recognition process so

25 as to identify by reference to the list one 'or more words of the subset.

29. A method according to Claim 28 in which.the second signal is also a

 speech signal.

- 30 _ _
30. A method according to Claim 29 including the step of recognising the
second signal by reference to recognition data representing a letter or sequence of

letters of the alphabet.

s
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plurality of words of that set which neet a predetermned criterion of
simlarity t he respective recei'ved-voi ce signals; (b).
t0 conpil e“te?r:%élg?ﬁoti onal list of all words of another set wHCFe335025
defined as connected with entries defined as connected also with the
identified words of the one set; an@?7 " (c) so to control

t he speech recognition nmeans as to identify by reference to
recognition information for.the other set of words. one or nore words of the
sai d additional |ist which resenbles) the respective received voice
signal s. 1531. Almetho8 sq2endihy e @Ign RBOIA WhRAN theUSecdh Qdighal s ta0sighali M 9

i ncl udi ng-neans to recognise a failure condition and to initiate the -
sai d addi ti eAnsfstrgafganes Qﬁf‘eg?tﬁ‘éé&a keypadyny in the event of such failure
bei ng recogni sed. 20 11. A speech recognition apparatus according to
any one of the precedin clains, further conprising a tel ephone |ine
connect i &n;3%nd n%a'ﬂ%thF’g@ﬁé‘Pngﬂemt Glaim 28 iscwhisch the secord sighalindicetesi the

connection &fqiﬁbgaeét'ﬁ\aitigﬂio?@ﬁé BShohlSidHal.0i N or destination of a

t el ephone call to access stored information identifying a subset of at
| east . one of the said sets of words and to restrict to that subset the
operation of i1 Eans . for t hat set. 12. A
t el ephone iz%'ornaé?'(?;eﬁﬁg%ggrg%{eﬁgqg%d._ }tlpds?} ng a%t"gsqqephqne | i ne connecti on; :

a speech recogni dey freceivingagsperchgighpbken words received via the tel ephone
l'ine connection, by.reference to recognition data representing a set of
possi bl'd930 utte‘ggncﬁéf'"%mf $REERR siBB8bonsi ve to receipt via the tel ephone
liine connection qt) perfdr@iy 8 iedEgMmBbA NperdtdrObhOihe SeedRSibmatdroBomk @

t el ephone call to access stored information identifying a subset of the
set of ut t 1tBefcESNANd to restrict the recogni ser operation to that
subset .. MO SR/ 3¥03Qent of the recognition operation failing to meet a

PCT/ GB95/ 02524 .
predetermined criterion of reliability, retrieving the stored speech signal and

15 performing a recognition operation thereon.

T



23 13.° Appar atus according to Claim12, in which the apparatus
i ncl udes cont ai ni ng recogni‘ti.on data for all rds of the set
and t he cgﬁ??g?ﬁﬁ%ans is operable to nmark in the recoéﬁpﬁpﬁﬁ

- store those itens of data therein which 5 correspond to the words not in
t he subset or those which correspond to words which are in the subset,
wher eby the recognition neans may i gnong all words so mar ked or,
respectively, not marked. 14. Apparatus according to Claim12, in
which the control nmeans is operable 10 to generate recognition data for
each word of the subset. 15 A telephoene apparatus conprising a

t el ephone |Iine connection; a speech recogni ser for determ ning or
verifying the identity of the speakj:"gj_jpoken wor ds received via the
"tel ephone Iine connection, by refer J td recognition data 15
correspondi ng to_a set of -possi bl e speaker.s; and nmeans responsive to
recei pt via “the tel ephone line connection of signals indicating the

origin or destination of a 3 telephone call to acceds stored information
identifying a shbygtsghgehe |set of  pfspegpepgpgnd’fo restrict the
recogni ser operphHiagA srgmet] subset. XYNTRE SEIQ hone i nformation

appar at us conpr hone |1 ne connectlon a g$peech recogni ser
for recogni sing spoken words rece{ved via thg tel ephone [ine

connecti on a pluralitly of storedjsets of :
recogniti dat a; and neans responsive td receipt vigq the tel ephone
| ine connection of signals ingdicating the origin or gegthatiohn n*'%
t el ephone rall to access stored ipformation 25 identifyi one LNEt he |set s
of recognifiondata and t0Q f’U@pIy this set to the 5 € gni INTERF. >
' TOWN —» 1 I
| SPEECH
‘ .
L A 20
. "~ cul
DETECT
7~
_»| ROAD RECOGN. || o1
DATA | ht
PATTERN
STORE
Y
NAME RECOGN.
DATA CONTROL 4
e
A
_ 39~
—q 9 v ~ VOCAB
DIRECTORY N EQUIVALENCE
'DATABASE > : » STORE

SUBSTITUTE SHEET (RULE 26)



“17. A t el ephone informat i'on apparatus according to Claim16 in which the
stored s 9§R%Jsﬁspond to different |anguages or regional @gﬂ&lsﬁm 0

,-18. A tel’ephone i nformation apparatus according to d ai i ch at
| east two of the sets correspond to the characteristics of different
types of tel ephone apparat us. - WO 96/ 13030

PCT/ GB95/ 02524
A tel ephone information apparatus acce
the sets corres mg t he character 4 nobile tel ephone channel .
5 20. A speec gni tion apparatus cQnmpri si ng: a store

defining a first set of [words; PLAY e aef Ty ’s!écond set
of words; 4 st ' SIS ' tified;

a store containing infofmat %E‘ I V%@g@ﬁﬁ?ﬁj 1 the first
set 10 and to a word ofl Q _ —peech

24 _ 19.
e3Pm 18 in which one of

o

ognition
- means. operabl e upon receipt of a first voi¥e signal tp I dentify as many
words of the first set as neet a |pSREEGHTREGEIVEDoOgni tion criterion;

et which are rel ated
Se first set is also

nmeans to generate a list of all vor@&y HECOGNISEM
15 to an entry to which the iden

rel ated; and _ speech r e¢oERtREORAR s7pper abl e upon recei pt of
a second voice signal EFF%%;?"VSVEﬂg
i - v __ 15
<14 [ COMPILE ROAD LIST |
PLAY MESSAGE:
“WHICH ROAD ?" v 16
UPDATE ROAD STORE
17
SPEECH RECEIVED
. BY RECOGNISER
v ~18
FIVE ROADS
_ . RECOGNISED _
{ _ <19 y —1 20
PLAY MESSAGE: COMPILE NAME LIST
“WHAT NAME DO . ¥ 21
YOU REQUIRE ?" | UPDATE NAME STORE_T

| - 1 22
- SPEECH RECEIVED T
BY RECOGNISER

v 23

NAMES RECOGNISED

~27

NUMBER
OF ENTRIES

GET MORE 24

INFORMATION <37

I YES 25
| - . PLAY MESSAGE: i
l “THE ENTRIES FOUND ARE”,
FOLLOWED BY THE NAME,
ADDRESS AND TELEPHONE
NUMBER.

END 20
'SUBSTITUTE SHEET (RULE 26)




to identify one or nore words of the Ilist. 21. A recognition
appar at us ng: 20 a store defining a first _set of patterns;
a store dg?§%9%55% second set of patterns; a sgﬁangﬁﬂggfnlng
entries to be identified; : ~a store containing information
relating each entry to a pattern of the first set and to a pattern of
the second set; 25 -~ recogni ti orB/@eans operabl e upon recei pt of a
first .input pattern signal to . identify as many patterns of the first
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29. A met hod according to Claim 28 in whi ch- t he second signal is also a

speech si ghgbe138% 30. A nmethod according to Claim 2%&%#@#52% t he

step of recognising the second signal by reference to rec dat a
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