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1 INTRODUCTION

In ntany telephonebased commercial transactions callers accesses information held in databases through an agent.
Touch-tone services (e.g. telephone-banking) are now well established. but arelimited at any point to a keypad of
responses. Speech recognititnt allows quicker and more elficient access to complex data sources, which is not
possible with touch-tone technology.

Previous work. focused on accessing directory databases. has shown how speech recognition can be used to ide'ttify a
single entry irt a database [1]. Often. in large database applications, more than one recognition must be pa‘formed to
achieve this. In practice the same database field is ofiett recognised in spelt or spoken form [2] or, through the
database, recognised against otha’ fields [3.1]. In either case sane strategy for combining mulu'ple recognition events
is required [4].

In this papa a predictive framework to aid with the design ofsuch a strategyis presented. Three particular
approaches are considued: intersection. union and sequattial subseto'ng. As a starting point. tlte use ofdatabase
contents as an information source to set recognition priors and conmin the recognise search space is considered.
The framework that considers how knowledge of the database relationships and isolated field recognitim can he used
to enable identification of the most apwoprittte combined recognition strategy for a task. The database is tha’efore
used to design a system capable of accwsing its entries. Throughout. this paper is illustrated with practical examples
from areal. telephony-based. UK address recognition system. Recognition results obtained using a corpus of ~ 1400
isolated-field (not lluutt) responses recorded from national spread of people speaking their own UK address are
presented [5]. The 31‘ STAP recogniser wasused for all of the expaimmts [6].

1 DATABASE CONSTRAINS AND GRAMMAR DESIGN.

Choosing the recognisers defining grammar highlights a trade ofi’ between recognition accuracy and out-of-
vocabulary (00V) detection as the vocabulary size is varied. A totally constrained grammar with only valid
responses (of which there are V.- - the number of distinct database entries for that field) will offer the best accuracy
provided the response falls within thevocabulary. However the call! ismum of the bounds of the vocabulary, In
sudt a grammar 00V utterances may be recognised as one ofthe constrained grammar items ifOOV rejection is not
accurate. 0n the other hand a totally open grammar (in the crime permitting any combination ofspwch sounds)
will give the lowest recognise pa-ftrrnance. It will be nwessary in this case to parse the recogniser output'in order to
extract valid vocabulary items. This primes can provide some 00V detection. In either case. provided the utterance
is requested irt the correct context the database defines the breadth (and statistical weight [7]) of valid utterances.

Within the mathematical fiatnework a rccogniser i, is dtmcterised by its defining grammar 3;. the latgths of the
candidate list produced to. and the probability that given an in vocabulary utterance. a correct candidate is in that list
R (mg). This may be determined experimmtally or predicted using obmvations than similar recognitim tasks [8].
What recognisirtg from a list of vocabulary items(i.e. what grammar paplexity equals the vocabulary size.Ni) the
grammar maybe approximated as G.-(N.-) - a fimctian mly of the vmabulary size. Throughout thispaps it is muned
that in accessing thcdatabasc infonnation the caller gives self-consistent irtfonnatim relating to an etny irt the
database. It is also assumed. within the framework. that all recognitions of individual database fields are independent
statistical emits This is broadly correct. but irt some instances, for example a particular caller with all unclear and
often this-recognised voice. or a poor quality speech charmel. it is not so.

The issue of grammar overgene'ation is now explored using an example born the UK address reoognititm task.
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2.1 Illustration from UKPostcode recognition

UK postcodes consist of a sequence of 5-7 alphanumu'ic character: with 1.4M v-alid combinations (i.e. Vpc=l.4M).

The simplest postcode granunar capable of modelling all currmtly valid postcodes would allow any combinatim of

letta's and digits in a posteodelike form. This ovorgenerating grammar would produce 1,755M ‘posteodes'. many

more than arecurrattly valid (e.g. QQlQ IQQ). As the grammar is tightmed so the over-generatim factor. 7:

Npclec. falls tlte recognition performance correspondingly incl-uses as shown in Figure la. This process uses

postcode lotowledge found in the database to eliminate invalid postcodes by deducing rules. For example postcoda

always start with one of only 126 letta’ combinations. It is imperative that valid postcodes are not excluded. The best

acctuacy achieved to date is shown in Egtn-e lb. A grammar that «attained only (currently) valid postcodes would

nm prdtibitively slow and so the best results used agrammar that exhibited a degree of overgeneratim. Once the

database had been used toremove invalid postcode results the top] accuracy increased to 66%. Figure lb also'shows

the benefit of obtaining a ranked list of candidates trom the reoogniser rathu' than only a single candidate.
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figure 1a Increase in recognition performance as Figure lb Pmcode performance using a slightly

grammar overgeneration is reduced overgenerating grammar (7 ~ ll)

3 COMBINmG MULTIPLE RECOGNITIONS

With a large database and the recognise: paforrnance cut-rattly available it is ofien helpful to perform more than one

recognition on dilferent fields of the database utn-y and combine the results. If ditfu‘ent recognitions are to be

compared it is necessary that the relationship between results is defined. Before comparison can occur the two results

must be mapped to a common data representation. The results can that be combined and the resulting candidate(s)

propagated Additionally. results from one recognitim, or from previous result combinations. can he used to adjust

the priors of subsequent recognitions. This subseuing approach is a powerful means of focussing down on the data

entry of inta‘est in large database applications.

3.1 Intersocling recognition results

lntersecting independuttreoognition results is an effective way of increasing the confidence associated witha

proportion of related recognitions. If both recognitions agree and are based on difi‘erent prior assumptions that the

results can be associated with an irtuessed confiduioe In addition after intesecdng lists the number ofresults that

are propagated is reduced. The disadvantage of this approach is that for a proportion of recognition pairs tha'e will be

no intersection. In these instances an additional approach is needed (possibly a union).

3.1.1 Intersecting single candidate recognition

As an exunplc consider a task to idmtily the first set of letters of a postcode (the outcode letters). The most useful

address fields that relate to this are the postcode and the cotmty. The mapping between postcode and outcode letters is

a simple tnutcatim whaeas for counties (a vocabulary that also includes some major cities) there is a complex

relationship. a portion of which is sltown in thureZa. In addition Figure 2b shows the number of outcode letter sets

associated with a county. Combining recognition accuracies for postcode and county shows that thu'e is a 63%
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probability that both tool results will be correctly recognised. To obtain die confidante associated with such an
intersection the chance of a falsemateh (due to two misrecoguitims) shouldbe mleulatcd A false hutch is
indistinguishable from aoorrect match, although as only the [(511 candidates are built; imageth in this example the
likelihood ot‘arandom match is small (and will bedstemunutlas 1.7% later in this papa). Thus. ifan intersection is
found the result is 99.0% accurate; much highs than eithor ofthe unto-inning recognitions.

The chance of a single randurt match Favored) depends on the hunting relationship between the two recognition
forms (i andJ), the common data remesuttatim k. and the two list lmgths (“land in) that are intarsected. In the
simth case (e.g. spell and spoken mcogrutions) thae would be a 1:1 mapping with each vocabulary item in the first
vocabulary corresponding, through the common representation. to one and only one item in the second vtxailulary.
As the relationship becomes more complex. incorporating mm mappings. that the chance of an accidental match

moreaaes.

           

   12345E7591011

  

[,5 mm at Dtmoth Lao-t cm

Figure la. Portion of relational map between Figure 2b. Number of unmade letter sets
counties and outmde letters in the database associated with UK aunties

The ucddmtal match probability is generally inverselyproportional to the vocabulary size and so only becomes
aimtficant when using smallvocabularies (< 200). As the vocabulary gums recognitim performance Calls. however
the aceidenta} maid: probability fidls faster and so mamas loss important. For example, intersecting topl mulls
from at (1AM) postoode tecoytition with some other related address field such as road name (of which vitae we 300K
in the UK) would very rarely produce an accidental match.

3.1.2 Intersecting recognition lists
The benefit ofuaing a list ofcandidates [tom atccog'niso’ over asingie topi result has shady been noted, What
intersecting topl icons high cmfidences were achieved but at the expense oft-nos: of the recognition pairs not
intersecting and thaafure requiring a diiferent strategy for result Fopagation. By intersecting two lists the number of
intu‘secliunx and so the effectiveness ol the intersectim, canbe increased.

For the outcode letter idmtificatim last two vocabularies are used. labelled P and C. one is set up to recognise
outcode letters from postcodes and the other counting. The variables V; and Vc in this section. are equal to dtenmnher
of vocabulary items for each field found in the database as the two recognisers have no additional a prion“ oonsouintx.

In one to tame the efiecu'veness of bingo candidate lists the chance of an accidattal matdt (or matches) must be
quantified Ifthe mapping between the two recognition vocabularies is asirnple 1:1 correspondence that tho chance

ofm aceidental matches can be detennincd as:
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‘W'Pmiv .- Where NP=L and V=V;=V;

'P ' "P ' (N-r)!.‘ A,

 

Flown—.1):

1n the ontcode lotth example the relation] map is mpltzx and cannotbe solved analytically. It is maelore

neoeaoary to perfmm MmteCarlD simulations in order to determine the 800ide motel: probabilities. It is also

necessary to decide in which representation the interaction will be performed. Counties are mapped to outmde letters

in this example. In the simulations 3 random list of varying latgth is selected from cad) recognise! vocabulary.

mapped to the associated outcode lcmsrs and intersected. This was repeated for all cmbimttions of the list lulng up

to ll) itm'ts each. The proportim altimeth that lead in mmalches.chP (up. tic. m). W35 0'6“ 110mflammm 0f

the two list lengtlu The sununcd results. shown in Figure 3. give the chance of one or more accidental match;
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Figure 3 Chan-:2 of one or more false match 2 Fm in, 7»: V "1) when unduly selecting from 2 vocabularies
m-l

When intersecting two toplO lists for the DuchdE: lemm- task three is 378% chance ofone or more Palsematchcs. This

reduces the. confidence in a single mletsectim that it is correct. Moreover there is a significant chance of obtaining

multiple aocitlaml matches. Two accidental matches occur in 26% of cases with three or more in a further 18%.

In order to proceed the accidental numb 851d recognisa‘ match events are treated as statistically independatt. The

probability of any number of accidental matches with or without a unmet recognise: match can that be calculated

When more than one match is anonunneml it is not obvious which (if any) result should be propagated and so we

chose LO only propagate results Emm single matches. (Intersection allows a proportion of all cases to be tagged ashigh

confidence, Allowing multiple matches to propagate could be appropriate if an immediate decision is not required).

Combining the Monte-Carlo results with topN recognise: performance figures (Ryvlmgp) and Rctncch allows the

proportion of single matches to be calculated. The results are shown as a surface plotted against the two list lengths in

Figure 4a.

P(smgie correct match) : [Rim-3p) R(n:,gc)] [1 - chp(np.flc.m)] = a

P(.tingiefal'se march) = [1 - luring?) 1101039)]. [Frcfiflhflc-mll = .5
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Kringle match) = 11+ ,3

The mq-phology of Figure 43 can be undesired as follows. As the list largd'i is increased from one candidate the

number of single matcheshim shouting, nut gin-prisingty, that intersecting more candidates hereases the

likelihood ofa singlcmalrh. However for large lists there is afar grams chute: ofan accidmtal match (or matches)

which lowers the number of single matches and caused the curve to fall.
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Figure 113. Percentage of intersections that lead to a Figure 4b. Confidence theta single match from an

single cross-mulch (correct or minimal) intersection is correct

The Cnlfidence in a single match being correct (and not accidmtal) is shown in Figure 4bas a fimction of list lengths.

AI large list lmgths a match is more likely to be accidental and so the confidante drops.
a

Confidzncz — a + fl

Thebest operating point is obtained by maximising the number of singlematch intersecticm that are correct.
Multiplying the two surfaces (Figure 4a and Figure 4b) give; this men'ic. As the stlrl‘aoe gradimt in Figure 4b is small
inmparison todtefirstsmface. titeoptimwnlislwgthsmdamnhedas 23nd 3 foroormtyandpcstoode

recognitions respectively. The slight asymmetry is due to different moguilim accuracies, vocabulary sizes and the

inhermt asymmetry of the relational map.

 

3.1.3 Recogiition Experiments
Using a single irltu'seclim between postcode and cotmty results obtained using the corpus. yield the figures shown in

Table 1 shown together with the theoretical figures (show mpmmtheses) derived above. It is indeed found that there

is amaximum, following the wards obsu'ved above. There is good 85mm! between theory and expaiment for the

first two cares. Fr! thefmal case there is some disagreement in thenumber ofinultiple matches. with many more

expected in meaty than obsaved. Therecogtiser didnot alvmys return a full list often candidates (mill-Cull: for the

outcode letteneeognitim) accounting ft! the disagreemau.

LetterPalr County Sinle mtch NotOne Match Confidence
flp nc Correct incorrect No Multiple Level

a ,5 matches matches af(a+fi)

1 60.4% 1.68% 37.9% 0.00% 97.28%—-
65.9% 2.17% 21.6% 7.36% 96.94%

m19.5% 4.37% 2.90% 73.4% 51.5w.

Table 1 Experiments] and predicted results (in parentheses) for three operating [mints
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32 Unioning Recognition Results
Unionist; indepenth candidate lists has the advantage that there is a greatly enhanced ptobabiiity that the cut-rem

infmnation will beptopngatedin thecmunmfortu.'{hem1y instance when this is not the caseiswhen the spoken

utterance fails to be correctly recognised in both cases. 1hecase ofunioning otttoode letter and county recognitions is

shown in Figure 53.

[’[in unioncd 1m) = t - [t -R{rtr,gs)l [1 - Roots)!

The disadvantage of a union is that more results must be propagated. The number of results oatmot be calculated

without knowing how the two lists intasecr and so which candidates will appear more titan moo. Moreover. mapping

botttrecognitimsto a oommm t'mnmsy cause an ‘mamein dtenumberofitetns tobepropugated. Only'tn them

ofa l:l mapping eunthentnnbet ofcandidwnsbeenalyticafly determined.
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Figure 53. Percentage of unions where the correct Figure 5b. Approximate number ofcandidates

man is prophet-ted omitted
Based on the Monte»th approach an approximation homuan m'candidates after attniat ofoutcode latter and
county renogrfitims is shown in Figure Sbi When using two toplG lists there are—2'1 distinct candidates to propagate 7

more than 20 because ofthc. 1m man (see Figure 2b).

3.3 Suhsetting
1n the two approaches above recognitions are performed on complete vocabularies describing a Mahase field and

then the results cornhlned in some way. The recognitions couldbe perftxmed in any Urdu. as they are not
nttetdepentimt A mplanemary teclotique is to use tlte results Eran one recognitim to affect the grammar used for

subsequent towgnitims This technique, in its most simplistic ffl'm, can be used to elilninateall database entries from

subsequent grammars that do not match with the first magnifier) results fin efieet guaranteeing an intersectim of

the two results.

After the firstrecognition1 a list ot a, candidates will beproposed by the Ieoogniser. These may thenbe mapped via

umdsmhasemprcmremevmabuinryfmasecmdrecoguummseomdrecogmfiw istttettperformetlmamuch

smaller vocabulary and is Wdingly much more actuate. Howevet with this approach if the first recognition is

incorrect that the-e is no recovu'y route e the second recognition is bound to identify an incorrect database may (if

00V rejection is not accurate). The overall accuracy of this approach is then limitedhy the accuracy of the first

recognition and so it is important to perform the most accounts recognitim first. The degree of subsetting produced by

the first result willhave ubearing on the vocabulary size. and so palmmnoe, of the following recognition. The

degree oisubecttittg achieved must be weighted against the accuracy ofeaoh mognilim and the likelihood of

excluding the correct entry. The mapping between database fields will affect the order and effiectiveness of subsetting

in each task separately,
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in Urdu m predict perfunnance the average number ofvocahulary items in die second vocahulaty associaned with a

singleitem in the first vocabulary must be known (5). As an approximatim't it can he assumed that the subsetted
vombulary grows linmrly with the numher of candidates from the filst recognition (this assumes that there is no
overlap betwem associared items from dit‘faenl recognition candidates). The subsettirtg tau-formant}: is thus

F(in first hit) : R(m.Gt(Vt))
P(cnrrtcl) = R(n1,G.(V1)) R("151(9“ ))

As (em) = W; the wound recognition grammar-has avery law overgmeratim factur (7 << 1) and thus its

pcrfnnnance is correspondingly high. Examples from address rccognitim show haw subsening can be used to close

from aW candidate list to a single candidate. The number of candidates frcm the first twogniticm (It!) must be

adjusted tomaximise Hem-rut). In the case of using n, candidates from apostoode twignitian to animal the database

and than pwfdtrrmtg amp] roadnatnersoognition sis close to unity and so in dtould be increased and the maximum
list length (in practice. 10) used. For subsetting themad name vocabulary using an outcods (all but the that three

pustmde chm-actual sis ~ 270 and so it shut outmde candidate list (topl in practice} was um, it is thus possibleto

predict the best recognition ot‘de! for asubststting task.

4 UK ABDRESS RECOGNITION PERFORMANCE

Using ail of the techniques discussed in this paper and combining spoken postcode. county and road name address

fields the results. as shown inFigute 6. were obtained fur the UK address recognition task. These figures represent

the perfusmmce obtained for straightforward calls (when the ultu'unoes are spoken succinctly with limited

backgrotutd noise) and far all calls (including those containing supaiiuaus speech andl'or significant hackgmund

noise). The techniques allow a portion (43%) of (strai glttfm'ward callas') postcodes to be identified with an accuracy

uf 96.7%. A swond 10w accuracy bracket chaiIls 21% cf transa-ibed postcodes and has an accuracy of73.3%.

Finally the remaining postcodes are labelled as law confidence and m61.4% correct.

High
97% High

2%

  
Suaiyttiorward Calls All Calls

Figure 6 Using the techniques described above address transcriptions can be into thm hands handed (as

shown by the ssgment sizes) with canfidances as quoted. Figures are shown for bath mightiorwnrd wits only
and Ill calls in the testing corpus.
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5 CONCLUSIONS

Wile] buildingrecogrusermbulaflesdmnmh asingleilernheldinadambasefllaeisatradeofifbetwemawell-

cunsminei grammar giving good recognition pufumance and: less cmsmined grammar providing some 00V

detection. In large vocabulary Iecoyiititm task M'rhiiigh perplexitygmlrmws (such as postcodes) sum:

gmemfisarim ml so wagenualim inquired in ads [0 limii recominion dines. 0n the assumption that In:

untranoe was in vocabulary. results from all mugmmfing grammar an be filtered using the database and invalid

ilems moved. thus haeas‘mg perfommce.

Cnmhining recognitions paint-med on difierem ourroburaling fields 'm the detainee is a pewuful means of increasing

both the likelihood ofohtaz'ning Ilaecm‘ect database etury and inmafing its associated confidence. A pruiicfive

manic-marina Workhas been proposed which. following experiments and analysis oldie

WMWMg& can then be used lo identify memes: applnpliam cmnbinafim strategy fu- a last.

Thispapa’lm shown. for emplefarUKaddmazmwgniiion. fliaiaponion Mullah addressescanbe rewgnised

wirhnn min-any significanfly higher man me recogrulim accuracy of any one address field.
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