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VOICE-OPERATED SERVICES 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention is concerned with automated voice 

interactive services employing speech recognition, particu 
larly, though not exclusively, for use over a telephone net 
work. 

2. Related Art 
A typical application is an enquiry service where a user is 

asked a number of questions in order to elicit replies which, 
after recognition by a speech recogniser, permit access to one 
or more desired entries in an information bank. An example of 
this is a directory enquiry system in which a user, requiring 
the telephone number of a telephone subscriber, is asked to 
give the town name and road name of the subscriber’s 
address, and the subscriber’s surname. 

SUMMARY OF THE INVENTION 

According to one aspect of the present invention there is 
provided a speech recognition apparatus comprising a store 
of data containing entries to be identi?ed and information 
de?ning for each entry a connection with a word of a ?rst set 
of words and a connection with a word of a second set of 
words; speech recognition means; and control means oper 
able: 

(a) so to control the speech recognition means as to identify 
by reference to recognition information for the ?rst set 
of words as many words of the ?rst set as meet a prede 
termined criterion of similarity to ?rst received voice 
signals; 

(b) upon such identi?cation, to compile a list of all words of 
the second set which are de?ned as connected with 
entries de?ned as connected also with the identi?ed 
word(s) of the ?rst set; and 

(0) so to control the speech recognition means as to identify 
by reference to recognition information for the second 
set of words one or more words of the list which 
resemble(s) second received voice signals. 

Preferably the speech recognition means is operable upon 
receipt of the ?rst voice signal to generate for each identi?ed 
word a measure of similarity with the ?rst 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 ?rst set (i.e those identi?ed words of the ?rst 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 identi?cation of one or more 
words of the list in accordance with a recognition process 
weighted in dependence on the measures generated for the 
words of the list. 

The apparatus may also include a store containing recog 
nition data for all words of the second set and the control 
means is operable following the compilation of the list and 
before recognition of the word(s) of the list to mark in the 
recognition data store those items of data therein which cor 
respond to the words not in the list or those which correspond 
to words which are in the list, whereby the recognition means 
may ignore all words so marked or, respectively, not marked. 
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2 
Alternatively the recognition data may be generated 

dynamically either before recognition or during recognition, 
the control means being operable following the compilation 
of the list to generate recognition data for each word of the 
list. Methods for dynamically generating recognition data fall 
outside the scope of the present invention but will be clear to 
those skilled in this art. 

Preferably the control means is operable to select for out 
put that entry or entries de?ned as connected both with an 
identi?ed word(s) of the ?rst set and an identi?ed word of the 
second set. 
The store of data may also contain information de?ning for 

each entry a connection with a word of a third set of words, the 
control means being operable: 

(d) to compile a list of all words of the third set which are 
de?ned as connected with entries each of which is also 
de?ned as connected both with an identi?ed word of the 
?rst set and an identi?ed word of the second set; and 

(e) so to control the speech recognition means as to identify 
by reference to stored recognition information for the 
third set of words one or more words of 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 recognition process in which the con 
trol means is operable: 

(a) so to control the speech recognition means as to identify 
by reference to stored recognition information for the 
second set of words a plurality of words of the second set 
which meet a predetermined criterion of similarity to the 
second received voice signals; 

(b) to compile an additional list of all words of the ?rst set 
which are de?ned as connected with entries de?ned as 
connected also with the identi?ed words of the second 
set; and 

(0) so to control the speech recognition means as to identify 
by reference to stored recognition information for the 
?rst set of words one or more words of the said addi 
tional list which resemble(s) the ?rst received voice 
signals. 

Preferably the apparatus includes means to recognise a 
failure condition and to initiate the said additional recognition 
process only in the event of such failure being recognised. 
The apparatus may comprise a telephone line connection; 

a speech recogniser for recognising spoken words received 
via the telephone line connection, by reference to recognition 
data representing a set of possible utterances; 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 
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 
recogniser for determining or verifying the identity of the 
speaker of spoken words received via the telephone line con 
nection, by reference to recognition data 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. 

According to a yet further aspect of the invention, a tele 
phone information apparatus comprises a telephone line con 
nection; a speech recogniser for recognising spoken words 
received via the telephone line connection, by reference to 
one of a plurality of stored sets of recognition data; and means 
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responsive to receipt via the telephone line connection of 
signals indicating the origin or destination of a telephone call 
to access stored information identifying one of the sets of 
recognition data and to supply this set to the recogniser. 

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 different types of tele 
phone apparatus, for instance the characteristics of a mobile 
telephone channel. 
According to a further aspect of the invention a recognition 
apparatus comprises 

a store de?ning a ?rst set of patterns; 
a store de?ning a second set of patterns; 
a store containing entries to be identi?ed; 
a store containing information relating each entry to a 

pattern of the ?rst set and to a pattern of the second set; 
recognition means operable upon receipt of a ?rst input 

pattern signal to identify as many patterns of the ?rst set 
as meet a predetermined recognition criterion; 

means to generate a list of all patterns of the second set 
Which are related to an entry to Which an identi?ed 

pattem(s) of the ?rst set is also related; and recognition 
means operable upon receipt of a second input pattern 
signal to identify one or more patterns of the list. 

The patterns may represent speech 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 identi?ed and 
information de?ning for each entry a connection With a 
signal of a ?rst set of signals and a connection With a 
Word of a second set of Words; 

(ii) means for identifying a received signal as correspond 
ing to as many signals of the ?rst set as meet a predeter 

mined criterion; 
(iii) control means operable to compile a list of all Words of 

the second set Which are de?ned as connected With 
entries de?ned as connected also With the identi?ed 
signal(s) of the ?rst set; and 

(iv) speech recognition means operable to identify by ref 
erence to stored recognition information for the second 
set of Words one or more Words of the list Which 

resemble(s) received voice signals. 
Preferably the ?rst set of signals are voice signals repre 

senting spelled versions of the Words of the second set or 
initial portions thereof and the identifying means are formed 
by the speech recognition means operating by reference to 
stored recognition information for the said spelled voice sig 
nals. Alternatively the ?rst set of signals may be signals 
consisting of tones and the identifying means is a tone rec 
ogniser. The ?rst set of signals may indicate the origin or 
destination of the receive signal. 

In accordance With a further aspect of the invention, a 
method of identifying entries in a store of data by reference to 
stored information de?ning connections betWeen entries and 
Words, comprises 

(a) identifying one or more of the said Words as present in 
received voice signals; 

(b) compiling a list of those of the said Words de?ned as 
connected With entries de?ned as connected also With 
the identi?ed Word(s); 

(c) identifying one or more of the Words of the list as 
present in the received voice signals. 

In a further aspect of the invention a speech recognition 
apparatus comprises 
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4 
a) a store of data containing entries to be identi?ed and 

information de?ning for each entry a connection With at 
least tWo Words; 

b) a speech recognition means able to identify by reference 
to stored recognition information for a de?ned set of 
Words at least one Word or Word sequence Which meets 
some prede?ned criterion of similarity to a received 
voice signal; 

(c) a control means operable: 
i) to compile a list of Words Which are de?ned as con 

nected With entries de?ned as connected With a Word 
previously identi?ed by the speech recognition 
means; and 

ii) so to control the speech recognition means as to 
identify by reference to stored recognition informa 
tion for the compiled list one or more Words or Word 
sequences Which resemble a further received voice 
signal. 

A method of speech recognition by reference to a stored set 
of Words to be recognised, according to the invention com 
prises 

(a) receiving a speech signal; 
(b) storing the speech signal; 
(c) receiving a second signal; 
(d) compiling a list of Words, being a subset of the set of 

Words, as a function of the second signal; 
(e) applying to the stored speech signal a speech recogni 

tion process so as to identify by reference to the list one 
or more Words of the subset. 

The second signal may also be a speech signal, and the 
second signal may be recognised by reference to recognition 
data representing the letters of the alphabet, either individu 
ally or as sequences. Alternatively the second signal may be a 
signal consisting of tones generated by a keypad. 
According to another aspect of the invention, a method of 

speech recognition comprises 
(a) receiving a speech signal; 
(b) storing the speech signal; 
(c) performing a recognition operation on the speech signal 

or some other signal; 
(d) in the event of the recognition operation failing to meet 

a predetermined criterion of reliability, retrieving the 
stored speech signal and performing a recognition 
operation thereon. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Some embodiments of the invention Will noW be described, 
by Way of example, With reference to the accompanying 
draWings, in Which: 

FIG. 1 shoWs schematically the architecture of a directory 
enquiry system; 

FIG. 2 is a How chart illustrating the operation of the 
directory enquiry system of FIG. 1; 

FIG. 2a is a How chart illustrating a second embodiment of 
operation of the directory enquiry system of FIG. 1; 

FIG. 3 is a How chart illustrating the use of CLI in the 
operation of the directory enquiry system of FIG. 1; 

FIG. 3a includes a further information gathering step for 
use in the operation of the directory enquiry system of FIG. 1; 

FIG. 4 is a How chart illustrating a further mode of opera 
tion of the directory enquiry system of FIG. 1. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

The embodiment of the invention noW to be described 
addresses the same directory enquiry task as Was discussed in 
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the introduction. It operates by ?rstly asking an enquirer for a 
toWn name and, using a speech recogniser, identi?es as “pos 
sible candidates” tWo or more possible toWn names. It then 
asks the enquirer for a road name and recognition of the reply 
to this question then proceeds by reference to stored data 
pertaining to all road names Which exist in any of the candi 
date toWns. Similarly, the surname is asked for, and a recog 
nition stage then employs recognition data for all candidate 
road names in candidate toWns. The number of candidates 
retained at each stage can be ?xed, or (preferably) all candi 
dates meeting a de?ned acceptance criterion4e.g. having a 
recognition score above a de?ned thresholdimay be 
retained. 

Before describing the process in more detail, the architec 
ture of a directory enquiry system Will be described With 
reference to FIG. 1. A speech synthesiser 1 is provided for 
providing announcements to a user via a telephone line inter 
face 2, by reference to stored, ?xed messages in a message 
data store 3, or from variable information supplied to it by a 
main control unit 4. Incoming speech signals from the tele 
phone line interface 2 are conducted to a speech recogniser 5 
Which is able to recognise spoken Words by reference to, 
respectively, toWn name, road name or surname recognition 
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 ser 
vice, an entry containing the name, address and telephone 
number of that subscriber, in text form. The toWn name rec 
ognition data store 6 contains, in text form, the names of all 
the toWns included in the directory database 9, 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 operates by 
recognising distinct phonemes in the input speech, Which are 
decoded by reference to stored data in the store 6 representing 
a decoding tree structure constructed in advance from pho 
netic translations of the toWn names stored in the store 6, 
decoded by means of aViterbi algorithm. The stores 7, 8 for 
road name recognition data and surname recognition data are 
organised in the same manner. Although, for example, the 
surname recognition data store 8 contains data for all the 
surnames included in the directory database 9, it is con?g 
urable by the control unit 4 to limit the recognition process to 
only a subset of the names, typically by ?agging the relevant 
parts of the recognition data so that the “recognition tree” is 
restricted to recognising only those names Within a desired 
subset of the names. 

This enables the ‘recognition tree’ to be built before the call 
commences and then manipulated during the call. By restrict 
ing the active subset of the tree, computational resources can 
be concentrated on those Words Which are most likely to be 
spoken. This reduces the chances that an error Will occur in 
the recognition process, in those cases Where one of these 
most likely Words has been spoken. 

Each entry in the toWn data store 6 contains, as mentioned 
above, text corresponding to each of the toWn names appear 
ing in the database 9, to act as a label to link the entry in the 
store 6 to entries in the database 9 (though other kinds of label 
may be used if preferred). If desired, the store 6 may contain 
an entry for every toWn name that the user might use to refer 
to geographical locations covered by the database, Whether or 
not all these names are actually present in the database. Not 
ing that some toWn names are not unique (there are four toWns 
in the UK called Southend), and that some toWn names carry 
the same signi?cance (e.g. Hammersmith, Which is a district 
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6 
of London, means the same as London as far as entries in that 

district are concerned), an equivalence data store 39 is also 
provided, containing such equivalents, Which can be con 
sulted folloWing each recognition of a toWn name, to return 
additional possibilities to the set of toWn names considered to 
be recognised. For example if “Hammersmit ” is recognised, 
London is added to the set; if “Southend” is recognised, then 
Southend-on-Sea, Southend (CampbeltoWn), Southend 
(SWansea) and Southend (Reading) are added. 
The equivalence data store 39 could, if desired, contain 

similar information for roads and surnames, or ?rst names if 
these are used; for example Dave and David are considered to 
represent the same name. 

As an alternative to this structure, the vocabulary equiva 
lence data store 39 may act as a translation betWeen labels 
used in the name stores 6, 7, 8 and the labels used in the 
database (Whether or not the labels are names in text form). 
The use of text to de?ne the basic vocabulary of the speech 

recogniser requires that the recogniser can relate one or more 
textual labels to a given pronunciation. That is to say in the 
case of a ‘recognition tree’, each leaf in the tree may have one 
or more textual labels attached to it. If the restriction of the 
desired vocabulary of a recogniser is also de?ned as a textual 
list, then the recogniser should preferably return only textual 
labels in that list, not labels associated With a pronunciation 
associated With a label in the list that are not themselves in the 
list. 
The system operation is illustrated by means of the How 

chart set out in FIG. 2. The process starts (10) upon receipt of 
an incoming telephone call signalled to the control unit 4 by 
the telephone line interface 2; the control unit responds by 
instructing the speech synthesiser 1 to play (11) a message 
stored in the message store 3 requesting the caller to give the 
name of the required toWn. The caller’s response is received 
(12) by the recogniser. The recogniser 3 then performs its 
recognition process (13) With reference to the data stored in 
the store 6 and communicates to the control unit 4 the name of 
the toWn Which most clearly resembles the received reply or 
(more preferably) the names of [ail] all those toWns Which 
meet a prescribed threshold of similarity With the received 
reply. We suppose (for the sake of this example) that four toWn 
names meet this criterion. The control unit 4 responds by 
instructing the speech synthesiser to play (14) a further mes 
sage 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 
any additional location entries obtained by accessing the 
equivalence data store 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. 
The next stage is that a further response, relating to the road 

name, is received (17) from the caller and is processed by the 
recogniser 3 utilising the data store 7; suppose that ?ve road 
names meet the recognition criterion. The control unit 4 then 
instructs the playing (19) of a further message asking for the 
name of the desired telephone subscriber and meanWhile (20) 
retrieves from the database 9 a list of the surnames of all 
subscribers residing in roads having any of the ?ve road 
names in any of the four geographical locations (and any 
equivalents), and updating the surname recognition data store 
8 in a similar manner as described above for the road name 
recognition data store. Once the user’s response is received 
(22) by the recogniser, the surname may be recognised (23) 
by reference to the data in the surname recognition data store. 
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It may of course be that more than one surname meets the 

recognition criterion; in any event, the database 9 may contain 
more than one entry for the same name in the same road in the 
same toWn. Therefore at step 24 the number of directory 
entries Which have one of the recognised surnames and one of 
the recognised road names and one of the recognised toWn 
names is tested. If the number is manageable, for example if 
it is three or feWer, the control means instructs (25) the speech 
synthesiser to play an announcement from the message data 
store 3, folloWed by recitation of the name, address and tele 
phone number of each entry, generated by the speech synthe 
siser 1 using text-to-speech synthesis, and the process is com 
plete (26). If, on the other hand, the number of entries is 
excessive then further steps 27, to be discussed further beloW, 
Will be necessary in order to meet the caller’s enquiry. 

It Will be seen that the process described Will have a loWer 
failure rate than a system Which chooses only a single candi 
date toWn, road or surname at each stage of the recognition 
process, since by retaining second and further choice candi 
dates the possibility of error due to misrecognition is reduced 
though there is increased risk of recognition error due to the 
larger vocabulary. A penalty for this increased reliability is of 
course increased computation time, but by ensuring that the 
road name and surname recognition processes are conducted 
over only a limited number of the total number of road names 
and surnames in the database, the computation can be kept to 
manageable proportions. 

Moreover, compared With a system in Which a second 
stage recognition is unconstrained by the results of a previous 
recognition (e. g. one Where the ‘road’ recognition processes 
is not limited to roads in toWn proposed system Would, When 
using recognisers (such as those using Hidden Markov Mod 
els) Which internally “prune” intermediate results, be less 
liable to prune out the desired candidate in favour of other 
candidate roads from unWanted toWns. 

It Will be seen too, that the number of possible lists Will, in 
most applications, be so large as to prohibit their preparation 
in advance, and hence the construction of the list is performed 
as required. Where the recogniser is of the type (eg recogn 
isers using Hidden Markov models) Which require setting up 
for a particular vocabulary, there are tWo options for updating 
the relevant store to limit the recogniser’ s operation to Words 
in the list. One is to start With a fully set-up recogniser, and 
disable all the Words not in the list; the other is to clear the 
relevant recognition data store and set it up afresh (either 
completely, or by adding Words to a permanent basic set). It 
should be noted that some recognisers do not store recogni 
tion data for [ail] all Words Which may be recognised. These 
recognisers generally have a store of textual information 
relating to the Words that may be recognised but do not 
prestore data to enable the speech recogniser to recognise 
Words in a received signal. In such so-called “dynamic rec 
ogni sers” the recognition data is generated either immedi 
ately before or during recognition. 

The ?rst option requires large data stores but is relatively 
inexpensive computationally for any list siZe. The second 
option is generally computationally expensive for large lists 
but requires much smaller data stores and is useful When there 
are frequent data changes. Generally the ?rst option Would be 
preferred, With the second option being invoked in the case of 
a short list, or Where the data change frequently. 

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, though other criteria 
such as retaining alWays a ?xed number of candidates may be 
chosen if preferred. It may be, in the earlier recognition 
stages, that the computational load and effect on recognition 
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8 
performances of retaining a large toWn (say) With a loW score 
is not considered to be justi?ed, Whereas retaining a smaller 
toWn With the same score might be. In this case the scores of 
a 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 not necessary that the unit in the earlier 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 
Words for a toWn name recognition step may be prepared from 
an earlier recognition of the ansWer to the question “please 
spell the ?rst four letters of the toWn name.” If recording 
facilities are provided (as discussed further beloW) it is not 
essential that the order of recognition be the same as the order 
of receipt of the replies (it being more natural to ask for the 
spoken Word ?rst, folloWed by the spelled version, though it 
is preferred to process them in the opposite sequence). 

It is assumed in the above description that the recognisers 
alWays produce a resultiie. that the toWn (etc) name or 
names Which give the nearest match(es) to the received 
response are deemed to have been recognised. It Would of 
course be possible to permit output of a “fail” message in the 
event that a reasonably accurate match Was not found. In this 
case further action may be desired. This could simply be 
sWitching the call to a manual operator. Alternatively further 
information may be processed automatically as shoWn in 
FIG. 2a. In this example a loW con?dence match 40 has still 
resulted in four possible candidate toWns. Because of the 
questionable accuracy of this match a further message is 
played to the caller asking for an additional reply Which may 
be checked against existing recognition results. In the 
example, a spelling of the toWn name is requested 41 alloWing 
all permissible spellings of all toWn names in the recognition 
vocabulary. Following a con?dent recognition 43 tWo spell 
ings are recognised. These tWo toWn names may be consid 
ered more con?dent than the four spoken toWn names recog 
nised previously, but a comparison 44 of both lists may reveal 
one or more common toWn names in both lists. If this is so 46 

then a very high con?dence of success may be inferred for 
these common toWn names and the enquiry may proceed, for 
example, in the same manner as FIG. 2 using-these common 
toWns to prepare the road name recognition 15. If no common 
toWn names are found then the tWo spelt toWns may be 
retained 47 for use in the next stage Which may be preparing 
the road name recogniser 15 With the tWo toWn names as 
shoWn in the diagram, or may be a different processing step 
not shoWn in FIG. 2a, for example a con?rmation of the more 
con?dent of the tWo toWn names With the user in order to 
increase the system con?dence before a subsequent request 
for information is made. 

It is not necessary that the response to be recognised be 
discrete responses to discrete questions. They could be Words 
extracted by a recogniser from a continuous sentence, for 
systems Which Work in this Way. 
Another situation in Which it may be desired to vary the 

scope of the speech recogniser’s search is Where it can be 
modi?ed on the basis not of previous recogniser results but of 
some external information relevant to the enquiry. In a direc 
tory enquiry system this may be a signal indicating the origin 
of a telephone call, such as the calling line identity (CLI) or a 
signal identifying the originating exchange. In a simple 
implementation this may be used to restrict toWn name rec 
ognition to those toWn names located in the same or an adja 
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cent exchange area to that of the caller. In a more sophisti 
cated system this identi?cation of the calling line or exchange 
may be used to access stored information compiled to indi 
cate the enquiry patterns of the subscriber in question or of 
subscribers in that area (as the case may be). 

For example, a sample of directory enquiries in a particular 
area might shoW that 40% of such calls Were for numbers in 
the same exchange area and 20% for immediately adjacent 
areas. Separate statistical patterns might be compiled for 
business or residential lines, or for different times of day, or 
other observed trends such as global usage statistics 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 automate the most common 

or straightforWard enquiries, With other calls being dealt With 
in an alternative manner, for example being routed to a human 
operator. 
As an example, FIG. 1 additionally shoWs a CLI detector 

20, (used here only to indicate the originating 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 4 
to truncate the “toWn name” recognition, as indicated in the 
?owchart of FIG. 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 not shoWn as it is the 
same as that given in FIG. 2. 
An extension of this approach is to improve the system 

reliability and speed for common enquiries, Whilst using 
additional information to enable the less common enquiries to 
succeed. Thus the less common enquiries are still able to 
succeed but require more effort and information to be sup 
plied by the caller than the common enquiries require. 
As an example consider FIG. 3a. The spoken toWn name is 

asked for 11, and the CLI is detected 10a. As in FIG. 3, the 
CLI is then related to toWn names commonly requested by 
callers With that CLI identity 12a. These toWn names update 
the spoken toWn name store 12b. This process is identical to 
that shoWn in FIG. 3 so far. Additionally, as the speech is 
gathered for recognition it is stored for later re-recognition 
37. The restricted toWn name set used in the recognition 13 
Will typically be a small vocabulary covering a signi?cant 
proportion of enquiries. If a Word Within this vocabulary is 
spoken and con?dently recognised 48 then the enquiry may 
immediately use this recognised toWn or toWns to prepare the 
road name store and continue as described in FIG. 2. 

If the Word is recognised as being outside of the vocabulary 
or of poor con?dence then an additional message 49 is played 
to ask the caller for more information, Which in this case is the 
?rst four letters of the toWn name. Simultaneously, an addi 
tional re-recognition of the spoken toWn name 53 may be 
performed Which can recognise any of 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 ?rst four letters of the toWn name 50 
and tWo spellings 51 have been con?dently 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 letters, 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 in this example that ?ve toWn 
names match the tWo spellings. 
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10 
A comparison 55 identical in purpose to that described in 

FIG. 2a (44) may then be performed betWeen the ?ve toWn 
names derived from the tWo spellings and the four re-recog 
nised toWn names. If common Words are found in these tWo 
sets, (only one common Word is assumed in this example,) 
then this toWn name may con?dently 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 FIG. 2. 

In other cases, the spoken recognition 53 Will be in error 
and no common Words Will be found. Alternatively, the rec 
ognition of the toWn name 53, and its subsequent comparison 
55, may be considered optional and omitted. In both of these 
instances the spoken toWn store Will be updated 57 With the 
?ve toWns derived from the tWo spellings 52 and the spoken 
toWn name re-recognised again 58. In the example, it is 
assumed that a single con?dent toWn name Was recognised. 
This toWn name may be used to con?gure the road name 
recognition data store 7 and the enquiry proceeds as shoWn in 
FIG. 2. 
The deliberate restriction of a vocabulary to only the very 

most likely Words as described above need not necessarily 
depend on CLI. The preparation of the road name vocabulary 
based on the recognised toWn names is itself an example of 
this, and the approach of asking for additional information, as 
shoWn in FIG. 3a, may be used if any such restricted recog 
nition results are not con?dent. Global observed orpostulated 
behaviour can also be used to restrict a vocabulary (eg the 
toWn store) in a similar Way to CLI derived information, as 
can signals 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 dialed number deter 
mines the subset of the vocabulary to be used in subsequent 
operation of the apparatus. The operation of the apparatus 
Would then continue similarly as described above With rela 
tion to CLI. 

Additionally, the re-recognition of a gathered Word that has 
been constrained by additional information such as the four 
letter spelling in FIG. 3a could be based on any kind of 
information, for example DTMF entry via the telephone key 
pad, or a yes,no response to a question restricting the scope 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 CLI using a different area store 21 based on different 
assumptions to the previously used one. 

In the above described embodiment, no account is taken of 
the relative probability of recognition, for example if the toWn 
recognition step 13 recognises toWn names NorWich and 
HarWich, then When, at road recognition step 18, the recog 
niser 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 taken of the fact that the 
spoken toWn bore a closer resemblance to “Norwich” than it 
did to “HarWich”. If desired hoWever, the recogniser may be 
arranged to produce (in knoWn manner) ?gures or “scores” 
indicating the relative similarity of each of the candidates 
identi?ed by the recogniser to the original utterance and 
hence the supposed probability of it being the correct one. 
These scores may then be retained Whilst a search is made in 
the directory database to derive a list of the vocabulary items 
of the next desired vocabulary that are related to the recogn 
ised Words. These neW vocabulary items may then be given 
the scores that the corresponding matching Word attained. In 
the case Where a Word came from a match With more than one 

recognised Word of the previous vocabulary, the maximum 
score of the tWo may be selected for example. These scores 
may then be fed as a priori probabilities to the next recogni 
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tion stage to bias the selection. This may be implemented in 
the process depicted in FIG. 2 as follows. 
Step 13. The recogniser produces for each toWn, a score4e.g. 

HarWich 40% 
Norwich 25% 
NantWich 20% 
NorthWich 15% 

Step 15. When the road list is compiled the appropriate score 
is appended to the road name, eg 

Wright Street 25% 
Rye Street 40% 
North Street (assumed to exist in both NorWich and 

NantWich) 25% and stored in the store 7. 
Step 18. When the recogniser comes to recognise the road 
name, it may pre-Weight the recognition netWork (for 
example in the case of Hidden Markov Models) With the 
scores from store 7. It then recognises the supplied Word, With 
the resulting effect that these Weights make the more likely 
Words less likely to be prematurely pruned out. Alternatively, 
the recogniser may recognise the utterance, and adjust its 
resulting scores after recognition according to the contents of 
store 7. This second option provides no bene?t to the pattern 
matching process, but both options propagate the relative 
likelihood of an entry ?nally being selected from vocabulary 
to vocabulary. For example, considering the post-Weighted 
option, if the recogniser Would have assigned the scores of 
60%, 30% and 10% to Wright Street, Rye Street and North 
Street respectively then the Weighted scores Would be: 

Wright Street (Norwich) 25%><60%:l5% 
Rye Street (HarWich) 40%><30%:l2% 
North Street (NorWich and NantWich) 25%><l0%:2.5% 
Similar modi?cation Would of course occur for the steps 

20, 21, 23. This is just one example of a scheme for score 
propagation. 

The possibility of sWitching to a manual operator in the 
event of a “failure” condition has already been mentioned. 
Alternatively a user could simply be asked to repeat the action 
that has not been recognised. HoWever, further automated 
steps may be taken under failure conditions. 
A failure condition can be identi?ed by noting loW recog 

niser output “scores”, or of excessive numbers of recognised 
Words all having similar scores (Whether by reference to local 
scores or to Weighted scores) or by comparing the scores With 
those produced by a recogniser comparing the speech to 
out-of-vocabulary models. Such a failure condition may arise 
in an unconstrained search like that of the toWn name recog 
nition of step 13 in FIG. 2. In this case it may be that better 
results might be obtained by performing (for example) the 
road name recognition step ?rst (unconstrained) and compil 
ing a list of all toWn names containing the roads found, to 
constrain a sub sequent toWn name recognition step. Or it may 
arise in a constrained search such as that of step 13 in FIG. 3 
or steps 18 and 23 in FIG. 2, Where perhaps the constraint has 
removed the correct candidate from the recognition set; in this 
case removing the constraintior applying a different onei 
may improve matters. 

Thus one possible approach is to make provision for 
recording the caller’s responses, and in the event of failure, 
reprocessing them using the steps set out in FIG. 2 (except the 
“play message” steps 11, 14, 19) but With the original 
sequence toWn name/ road name/ surname modi?ed. There are 
of course six permutations of these. One could choose that 
one (or more) of these Which experience shoWs to be the most 
likely to produce an improvement. The result of such a repro 
cessing could be used alone, or could be combined With the 
previous result, choosing for output those entries identi?ed by 
both processes. 
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Another possibility is to perform an additional search omit 

ting one stage, and comparing the results as for the ‘spelled 
input’ case. 

If desired, processing using tWo (or more) such sequences 
could be performed routinely (rather than only under failure 
conditions); to reduce delays an additional sequence might 
commence before completion of the ?rst; for example (in 
FIG. 4) an additional, unconstrained “road name” search 30 
could be performed (Without recording the road name) during 
the “Which surname” announcement. From this, a list of sur 
names is compiled (31) and the surname store updated (32). 
Once the surnames from the list have been recognised (33) a 
toWn name list may be compiled (34) and the toWn name store 
updated (35). Then at step 36 the spoken toWn name, previ 
ously stored at step 37 may be recognised. The results of the 
tWo recognition processes may then be compiled, suitably by 
selecting (38) those entries Which are identi?ed by both pro 
cesses. 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 FIG. 4 are identical to 
those in FIG. 2. 
The technique of storing an utterance and using it in a 

restricted-vocabulary recognition process folloWing recogni 
tion of a later utterance has been described as an option to be 
used alongside sequential processing, as a cross-check or to 
provide additional recognition results to be used in the case of 
di?iculty. HoWever, it may be used alone, for example in 
circumstances Where 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 FIG. 4, the right hand branch only could be used 
(but With steps 14, 17, 19 and 22 retained to feed it)ii.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 modi?cation of expected 
vocabulary items as already described. Enquiry systems that 
require a certain level of security or personal identi?cation 
may also use CLI to their advantage. The origin of the tele 
phone call as given by the CLI may be used to extract from a 
store the identity of a number of individuals knoWn to the 
system to be related to this origin. This store may also contain 
representative speech Which is already veri?ed to have come 
from these individuals. If there is only one individual autho 
rised to access the given service from the designated origin, or 
the caller has made a speci?c claim to identity by means of 
additional information (eg a DTMF or spoken personal 
identi?cation number) then a spoken utterance may be gath 
ered from the caller and compared With the stored speech 
patterns associated With that claimed identity in order to 
verify that the person is Who they say that they are. Altema 
tively, if there are a number of individuals associated With the 
call origin, the identity of the caller may be determined by 
gathering a spoken utterance from the caller and comparing it 
With stored speech patterns for each of the individuals in turn, 
selecting the mo st likely candidate that matches With a certain 
degree of con?dence. 
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 cellular telephone, 
for example, may be dealt With using speech recognition 
models trained using cellular speech data. A similar bene?t 
may be derived for regional accents or different languages in 
a speech recognition system. 
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What is claimed is: 
1. A speech recognition apparatus comprising: 
a store of data containing entries to be identi?ed and rec 

ognition information de?ning for each entry a connec 
tion With a Word of a ?rst [set of Words] vocabulary and 
a connection With a Word of a second [set of Words:] 
vocabulary; 

speech recognition means; and 
control means operable: 

(a) to control the speech recognition means to identify, 
by reference to recognition information for the ?rst 
[set of Words] vocabulary, as many Words of the ?rst 
[set as] vocabulary meet a predetermined criterion of 
similarity to ?rst received voice signals; 

(b) upon such identi?cation, to compile a reduced list of 
[all] Words [of] from the second [set] vocabulary, 
wherein the reduced list comprises only words from 
the second vocabulary Which are connected With 
[entries connected also With] the identi?ed [Word(s)] 
words of the ?rst [set] vocabulary; and 

(c) to control the speech recognition means as to iden 
tify, by reference to recognition information for the 
second [set of Words] vocabulary, at least one Word of 
the reduced list Which resembles second received 
voice signals. 

2. A speech recognition apparatus as in claim 1, in Which: 
the speech recognition means is operable upon receipt of 

the ?rst voice signal to generate for each identi?ed Word 
a measure of similarity With the ?rst voice signal, and 

the control means is operable to generate for each Word of 
the reduced list a measure obtained from the measures 

for the relevant Words of the ?rst [set] vocabulary, and 
the speech recognition means is operable upon receipt of 

the second voice signal to perform the identi?cation of 
one or more Words of the reduced list in accordance With 
a recognition process Weighted in dependence on the 
measures generated for the Words of the reduced list. 

3. A speech recognition apparatus as in claim 2 in Which: 
the control means is operable to Weight the measure for 

each Word of the reduced list by a factor dependent on 
the number of Words of the second [set] vocabulary 
Which are connected With entries connected also With 
the relevant identi?ed Word of the ?rst [set] vocabulary. 

4. A speech recognition apparatus as in claim 2 in Which: 
the control means is operable to omit from the reduced list 

those Words of the second [set] vocabulary having a 
measure beloW a predetermined threshold. 

5. A speech recognition apparatus as in claim 1 in Which: 
the apparatus includes a store containing recognition data 

for all Words of the second [set] vocabulary, and 
the control means is operable folloWing the compilation of 

the reduced list and before recognition of the Words[, of] 
from the reduced list, to mark in the recognition data 
store those items of data therein Which correspond to the 
Words not in the reduced list or those Which correspond 
to Words Which are in the reduced list, 

Whereby the recognition means may ignore all Words so 
marked or, respectively, not marked. 

6. A speech recognition apparatus as in claim 1 in Which: 
the control means is operable folloWing the compilation of 

the reduced list to generate recognition data for each 
Word of the reduced list. 

7. A speech recognition apparatus as in claim 1 in Which: 
the control means is operable to select for output entries 

de?ned as connected both With an identi?ed Word of the 
?rst [set] vocabulary and an identi?ed Word of the sec 
ond [set] vocabulary. 
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8. A speech recognition apparatus as in claim 1 in Which: 
the store of data also contains recognition information 

de?ning for each entry a connection With a Word of a 

third [set of Words] vocabulary, and 
the control means is operable: 

(d) to compile a second reduced list of all Words of the 
third [set] vocabulary, wherein the second reduced list 
comprises only words from the third vocabulary 
Which are connected With [entries also connected both 
With] an identi?ed Word of the ?rst [set] vocabulary 
and an identi?ed Word of the second [set] vocabulary; 
and 

(e) to control the speech recognition means to identify, 
by reference to recognition information for the third 
[set of Words] vocabulary, at least one Word of the 
second reduced list Which resembles third received 
voice signals. 

9. A speech recognition apparatus as in claim 1 including: 
means to store at least one of the received voice signals, 
the apparatus being arranged to perform an additional rec 

ognition process in Which the control means is operable: 
(a) to control the speech recognition means to identify, 
by the reference to recognition information for one 
[set of Words] vocabulary, a plurality of Words of that 
[set] vocabulary Which meet a predetermined crite 
rion of similarity to the respective received voice sig 
nals; 

(b) to compile an additional list of all Words of another 
[set] vocabulary Which are connected With entries 
connected also With the identi?ed Words of the one 
[set] vocabulary; and 

(c) to control the speech recognition means to identify, 
by reference to recognition information for the other 
[set of Words] vocabulary, at least one Word of [the] 
said additional list Which resembles the respective 
received voice signals. 

10. A speech recognition apparatus as in claim 9 including: 
means to recognise a failure condition and to initiate the 

said additional recognition process only in the event of 
such failure being recognised. 

11. A speech recognition apparatus as in claim 1 further 
comprising: 

a telephone line connection; and 
means responsive to receipt via the telephone line connec 

tion of signals indicating the origin or destination of a 
telephone call to access stored information identifying a 
subset of at least one of the said [sets of Words] vocabu 
laries and to restrict to that subset the operation of the 
speech recognition means for that [set] vocabulary. 

[12. A telephone information apparatus comprising: 
a telephone line connection; 
a speech recogniser for recognising spoken Words received 

via the telephone line connection, by reference to rec 
ognition data representing a set of possible utterances; 
and 

means responsive to receipt via the telephone line connec 
tion of signals indicating the origin or destination of a 
telephone call to access stored information identifying a 
subset of the set of utterances and to restrict the recog 
niser operation to that subset.] 

[13. Apparatus as in claim 12, in Which the apparatus 
includes: 

a store containing recognition data for all Words of the sets, 
and 

the control means is operable to mark in the recognition 
data store those items of data therein Which correspond 
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to the Words not in the subset or those Which correspond 
to Words Which are in the subset, 

Whereby the recognition means may ignore all Words so 
marked or, respectively, not marked] 

[14. Apparatus as in claim 12, in Which: the control means 
is operable to generate recognition data for each Word of the 

subset] 
[15. A telephone apparatus comprising: 
a telephone line connection; 
a speech recogniser for determining or verifying the iden 

tity of the speaker of spoken Words received via the 
telephone line connection, by reference to recognition 
data corresponding to a set of possible speakers; and 

means responsive to receipt via the telephone line connec 
tion 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] 

[16. A telephone information apparatus comprising: 
telephone line connection; 
a speech recogniser for recognising spoken Words received 

via the telephone line connection, by reference to one of 
a plurality of stored sets of recognition data; and 

means responsive to receipt via the telephone line connec 
tion of signals indicating the original or destination of a 
telephone call to access stored information identifying 
one of the sets of recognition data and to supply this set 
to the recogniser] 

[17. A telephone information apparatus as in claim 16 in 
Which the stored sets correspond to different languages or 
regional accents 

[18. A telephone information apparatus as in claim 16 in 
Which at least tWo of the sets correspond to the characteristics 
of different types of telephone apparatus] 

[19. A telephone information apparatus as in claim 18 in 
Which one of the sets corresponds to the characteristics of a 
mobile telephone channel 

20. A speech recognition apparatus comprising: 
a store de?ning a ?rst [set of Words] vocabulary; 
a store de?ning a second [set of Words] vocabulary; 
a store containing entries to be identi?ed; 
a store containing information relating each entry to a Word 

of the ?rst [set] vocabulary and to a Word of the second 
[set] vocabulary; 

speech recognition means operable upon receipt of a ?rst 
voice signal to identify as many Words of the ?rst [set] 
vocabulary as meet a predetermined recognition crite 
rion; 

means to generate a reduced list of all Words of the second 
[set] vocabulary Which are related to an entry to Which 
the identi?ed Word(s) of the ?rst [set] vocabulary is also 
related; and 

speech recognition means operable upon receipt of a sec 
ond voice signal to identify at least one Word of the 
reduced list. 

21. A recognition apparatus comprising: 
a store de?ning a ?rst set of patterns; 
a store de?ning a second set of patterns; 
a store containing entries to be identi?ed; 
a store containing information relating each entry to a 

pattern of the ?rst set and to a pattern of the second set; 
recognition means operable upon receipt of a ?rst input 

pattern [signal] signals to identify as many patterns of 
the ?rst set as meet a predetermined recognition crite 

rion; 
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means to generate a reduced list of all patterns of the 

second set Which are related to an entry to Which an 

identi?ed pattern of the ?rst set is also related; and 
recognition means operable upon receipt of a second input 

pattern signal to identify at least one pattern of the 
reduced list. 

22. A speech recognition apparatus comprising: 
(i) a store of data containing entries to be identi?ed and 

information de?ning for each entry a connection With a 
signal of a [?rst] set of signals and a connection With a 
Word of a [second set of Words] vocabulary; 

(ii) means for identifying a received signal as correspond 
ing to as many of the [?rst] set of signals as meet a 
predetermined criterion; 

(iii) control means operable to compile a reduced list of all 
Words of the [second set] vocabulary Which are con 
nected With entries connected also With the identi?ed 
signal of the [?rst] set of signals; and 

(iv) speech recognition means operable to identify, by ref 
erence to recognition information for the [second set of 
Words] vocabulary, at least one Word of the reduced list 
Which resembles received voice signals. 

23 . A speech recognition apparatus as in claim 22 in Which: 
the [?rst] set of signals are voice signals representing 

spelled versions of the Words of the [second set] vocabu 
lary or portions thereof, and 

the identifying means includes the speech recognition 
means operating by reference to recognition information 
for the said spelled voice signals. 

24.A speech recognition apparatus as in claim 22 in Which: 
the [?rst] set of signals are signals consisting of tones and 

the identifying means is a tone recogniser. 
25.A speech recognition apparatus as in claim 22 in Which: 
the [?rst] set of signals are signals indicating the origin or 

destination of the received signal. 
26. A method of identifying entries in a store of data by 

reference to stored information de?ning connections betWeen 
entries and Words, said method comprising: 

(a) identifying one or more of the said Words as present in 
received voice signals; 

([c] b) compiling a reduced list of those of the said Words 
connected With entries connected also With the identi?ed 
Words; and 

(c) identifying at least one of the Words of the reduced list 
as present in the received voice signals. 

27. A speech recognition apparatus comprising: 
a) a store of data containing entries to be identi?ed and 

information de?ning for each entry a connection With at 
least tWo Words; 

b) a speech recognition means able to identify by reference 
to stored recognition information for a de?ned set of 
Words, at least one Word or Word sequence Which meets 
some prede?ned criterion of similarity to a received 
voice signal; 

(c) a control means operable[:]; 
i) [to] a compile a reduced list of Words Which are 

connected With entries connected With a Word previ 
ously identi?ed by the speech recognition means; and 

ii) to control the speech recognition means to identify, by 
reference to recognition information for the [com 
piled lists] reduced lisl, at least one Word or Word 
sequence Which resembles a further received voice 
signal. 

[28. A method of speech recognition by reference to a 
stored set of Words to be recognised, said method comprising 

(a) receiving a speech signal; 
(b) storing the speech signal; 
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(c) receiving a second signal; 34. An interactive voice recognition and response method 
(d) Compiling a list of Words’ being a Subset of the Set of for identifying at least one stored data base item comprising 

Words’ as a function ofthe Second Signal; plural classes‘ of mutually inter-related sub-items, said 
method comprising: (e) applying to the stored speech signal a speech recogni 

tion process so as to identify, by reference to the list at 
least one Word of the subset.] 

5 (a) issuing a synthesiZed voice request for a ?rst speech 
input representing a ?rst class of sub-item; 

(b) performing speech recognition of said ?rst speech input 
[29- A method as in Claim 28 in Which the Second Signal is to identify at least one potentially corresponding ?rst 

also a speech signal.] subqtem; 
[30. A method as in claim 29 including the step of: recog- 10 (c) issuing a synthesized voice request for a second speech 

nising the second signal by reference to recognition data input representing a SeCOnd Class Of Sub-item; 
representing a letter or sequence of letters of the alphabet.] (d) Compiling a reduced list of Second Sub-items mutually 

inter-related With said identi?ed ?rst sub-item(s); and 
(e) performing speech recognition of said second speech 

input With respect to said [compiled] reduced list to 
identify at least one potentially corresponding second 
sub-item from said reduced list. 

[31. A method as in claim 28 in Which the second signal is 
a signal consisting of tones generated by a keypad] 

[32. A method as in claim 28 in Which the second signal 15 
indicates the origin or destination of the second signal 

[33- A method Of speech recognition comprising: 35. A method as in claim 34 Wherein steps c and d are at 
(a) receiving a speech signal; least in part concurrently performed. 
(b) Storing the Speech Signal; 36.A method as in claim 34 Wherein the speech recognition 

20 of step b is performed With respect to a sub-set of the ?rst class 
of sub-items. 

37. A method as in claim 36 Wherein said sub-set is chosen 
based on an identi?ed origin or destination location of said 
?rst speech input. 

(c) performing a recognition operation on the speech signal 
or some other signal; and 

(d) in the event of the recognition operation failing to meet 
a predetermined criterion of reliability, retrieving the 
stored speech signal and performing a recognition 
operation thereon.] * * * * * 


