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Researchers in the field of Automatic Speech Recognition (ASK) frequently quote

'recognition rate' as a measure of me capabilities of new ASR algorithms. The

inadequacy of this method of asseth is well dowmented [1 1: it has been

shown that differaices in recognition rate tend to reflect differences in test

conditions, such as speaker, vocabulary or envirctment, rather than the relative

capabilities of alternative algorithms. However, even if these variables. are

controlled, for example by the use of standard databases, there are other

factors, more closely linked to the algorithms manselves, which can critically

influence perfonnance. me such factor is the choice of refermce words, or

'tanplates' .

This paper is concerned primarily with the effect of reference selection on the

performance of 'whole-word pattern matching' algorithms for autcmatic speech

recognition. However, it will be seen that the argmnents are equally applicable

to a wide category of germ}. pattern recognition strategies which rely on the

calculation of similarities or dissimilarities between an Imkmwn pattern and a

set of known 'reference' patterns, follauei by nearest-neighbour classification.

'me experimenter who wishes to evaluate such a recognition systen on a

prerecorded database must first decide on a criterion for selecting one or more

acamples of patterns fmu each pattern class. These patterns are used by the -

recognise: as referam. This raises several important issues. Firstly, the

perfomanoe of the recogniser may be crucially dependent on the choice of

reference patterns, in this case the recognition aozuracy achievei will simply

reflect the performance of the reference selection criterion. Secondly, the

criterion for selecting reference patterns may be biased towards particular

types of recognition algorithm so that the apparently superior performance of an

algorithn is simply a consequa'xoe of this bias. Finally, and mre tentatively,

the extent to which performance depends on reference selection may vary frun

speaker to speaker, and this may have implications for the quantitative

assessment of speaker consistency.

This paper presents an investigation of the effect of reference choice based on

the calculation of distributions of error rates over a large numba: of rendanly

selectei reference sets.

Emerixmt'al results are presaitedwhidishwtmt, forthepartiqilarspeech

recognition algorithm which was considered, reo'ognitim accuracy is crucially

deperrient cm the choice of reference words, but that theactmtofthis

depsmdmcy varies significantly between speakers.

Errorrate distributions are shan to be useful for assessing reference

selection criteria and for cunparing the performance of different recognition

algorithms.
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Finally, possible quantitative relationships between the degree of effect of
reference selection and speaker consistency are discussad.

WIQIANDPEI‘I'DD

A nearest-neighbmr classification rule with respect to a dissimilarity measure
D is a simple pattern remgnition strategy in which an unkncmn pattern 11 is
classified as follows: the dissimilarity D(r.u) is calmlated between each
pattern r frcm a set R of reference patterns, u is then assigned to class c,
where

D(r',u) = min D(r,u)
reR

and r' is a referauce pattern from class c. Such a rule will be denoted by
[D,R] to erphasise that the classifimtim of an unknown pattem depends not
only on the dissimilarity measure D, but also on the reference set R.

Consider the problem of evaluating this type of classification rule using a
prerecorded database 5. In order to avoid the over optimistic performance which
might result from resubstitution (Le. testing on patterns which have previously
been used for training) it is usual to partition the database into two disjoint
sets: a set of training patterns and a set of test patterns.

A reference set is just a subset of the training set which contains one or mre
patterns Em each pattern class. If R is such a reference set, then E[D,R]
will denote the number of test patterns which aremisclassified by the rule
[D.Rl.

mepxrposeofthispaperistodetemineuleextmtmmichE[D,R] depends m
R in the specialcasewherethepatternsinSrepresentisolatei spokenwords
and D is the measure of dissimilarity obtained fun a 'Dynamic Thre—Warping'
algorithm (corresponding to use p=1 in [2]). The approadi taken is to estimate
the underlying distributim of values of EID,R] by «ranting ELD,R] over alarge
number of randcmly chosen refermoe set: R. Clearly this can be achieved bycalculating E[D,R] directly for each R, however this involves unnecessary
repeated calculatim of the same dissimilaritia. Hence, since dynamic
tine-warth is capitatimally acpensive, it is better to prooede as follows:

Fizst, the dissimilarity between each training pattern and each test pattern iscalculated. 131m, for eadl test pattern u, the training patterns are ordered
ascending to increasing dissimilarity, so that the first training pattern in the
ordering eonapcnflng to u is the pattern 1: for mid: D(r,u) is smallest.Given a refenoe set R, classificatim of a test pattern u according to the rule[D,R] isadiievedbysimplysearchingtheorderirgmespaflingto u until atraining pattemrbelcnginngisaxcomtered: uisassignmtotheclassof
r. Indulswaysevemlthousarfirefexmcesetscanbe processed in the time
wtudawouldbetequired topmoessjust ten‘ortwmtyreferuzce sets directly.

Wm'rs

heresultsinuussectimwereobtainedbyapplyimflweabovenethodtome
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NA'IO R5610 spoken digit database [3]. 'Ihis database contains recordings of

isolated and connected digits spoke: by nineth speakers in four languages.

Isolated digits were regarded in five tables, called SA, 58, 1A, 1B and 1C, each

containing tau examples of each digit. lables SA and SB are intended for

training and tables1A,1B and 1C for testing. For the purposa of the present

aqua-menu the speech was digitised using a 20ms fare-rate, 19-channe1
vocoder.

Effect of reference selection
For each of the 54 speaker-language—test set combinations, the underlying

distribution of EID,R] was estimated by calculating E[D,R] for 50000 reference

sets R, each containing one reference per class, chosen randomly iron the
corresponding training set SB. All but one of the distrihitions confirm that
the mmxber of errors does depend on the choice of reference set. However, the

degree of this dependency varies greatly between speakers, as can be seen fran
figure 1. The distri‘mtion in figure ‘la (speaker RM, language English, table
1A) shows very little sensitivity to reference selection. Almost 99% of the
reference setr. considered resulted in no errors and the retaining 1% each
resulted injust 1 error. This contrasts sharply with the distribution shown in

figure 1b (speaker MN, language English, table 1C). In this case the number of

errors varies between 0 and 23 depending on the choice of reference set. It

should be noted that both of these recordings were made underidentical
strictly-controlled conditions on the same day in the same laboratory.

:9“): mean: 0.01 7503 nean= 4.15

variance= 0‘01 Variants! 11.!4

(a) (b)  
D 5 10 15 20 25 0 5 10 15 20 25

Figure 1: Observed distrihitions of error mtes over 50000 mndanly chose:
reference sets for (a) speaker RM, language English, table “and (b) speaker
MW, language Bighsh, table 1C.
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mean ° n Figunaz: Scatter plot of mean against
variance for the error-rate distributth
associatedwithead': of the mo RSGIO
isolated digit test sets.
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Overall trmdsmnbededuced frunfigurez, whichshmsascatterplotofmean
against variance for each of the 54 distrihitions. As might be expectair the
figure shade that the degree of dependency on reference selection, indicated by
the variance of the distrimtims, increases with the average number of errors.

Evaluation of reference selection criteria
me dependmcy of error rate on reference selection, damstrated in the
previous section, highlights the need for reliable reference selection criteria.
Using the distributions frm the previous section, the performance of such
criteria can be assessed. In this section two selection criteria, denoted by C1
and (2, are considered.

For each pattern 1: in the training set let MID(r) (mean 'inclass dissimilarity)
denote the avenge dissimilarity between r and all other patterns in the
training set which belong to the same class as r. Similarly let mum (mean
mtclass dissimilarity) denote the average dissimilarity between 1' and all
patterns in the training set which are not in the same class as r.

Under criterion CI (respectively (2), a class c is represented by the pattern r'
in the training set such that

MID(r') = min MINI)

(respectively

MlI)(r') MINI)
_ = min—
VED(r') wok) )

Mieretheminjimmisrakenoverallpattemsrinmetrainingsetwhich belong
reclassc.

Guitarism with the distributions Eran the previous sectim shows that selection
of reference sets acmrding to criterion C1 will result in the best achievable
ermr rats for: 72% of the test sets. The percentage of error rates for
criteria: C1 Hhid‘l are less than the nean of the cor-repealing distribittms is
94%. 'l‘nismeansthat94aofthe time a reference set dnsen according to
criterion C1 will perform better than an 'average' reference set. There has no
significant differmm between the performance of C1 and that of (2.

A1 ithm isan
Afiirtherlmplicatimofmeimpcrtance of reference selectim is that the
results of an Wt which canpares twoclassiflcation algorifl'nns will be
noranaaningfuliftheeffectof refermce selectim is renewed. This snuggesm
that ratherthancuuparingerrorrates for specific referezce sets it is betta
tccmraredistrimtims of error rate, orat least themeansof such
distrihxtims. For arample, figure 3 emisthemultsofanaqaerinmtto
detandnetheadvantageofrepresentingeachclass by tun reference patterns
rather than me. FigureSaisascatterplotoferrcrrateforreferenceset-s
mntainhgmemferalceperclass(selectedaccordixgtoc2)againstencrmte
ferrefera-ncesetsmrainmgtwcrefencesperclassmelectedusixg a similar
criterion).m390fthe54tatsets,tnthreferencesetsrm1tlnmerrors

290 Proc.I.O.A. Vols Pant! (198‘!

(



 

Proceedings of The Institute of Acoustics

m WLIGXTIQ‘IS OF THE mm 0? MUTE UDICE

axdsoomparisonofthetwo 'algoritl'ms' must relymtheranaining15 results.
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Figure 3: Scatter plot of error rate for one refera'xoe per class against error

ate for two references per class for each of the NATO RSG‘IO isolated digit test

sets. Figure (a) shows error rates for reference sets chosen according to

criterion (:2, (b) shawls mean error rates over 10000 My chosen reference

sets of each type.

A much clearer picture emerges fran figure 3b, where mean error-rates for one

refermce per class are plotted against mean error-rates for two references per

class. The figure suggests that the ecpected reduction in isolated digit

recognition errors ranking Eran permeating each class by two reference is

approximately 33!

oansis

The final aim of this paper is to ask if the speaker-dependent nature of the

effect of reference selection can be exploited to quantitively measure 'speaker

oonsistency' .

Initial experixmts suggat that the shape of the mflerlying distributicm of

E[D,R] might provide such ameasure. Figure 4 slums a crxnparism of observed

error distributions with distrimtions predicted according to binomial laws with

thesamemeans. Figure4aoorresporflstoan 'momsisterrt' speaker (spaakerMW,

language English, table 1C), whereas figura 4b and 4c oorrespcnd to a

'ccnsistent‘ speaker (speaker RM) spealdng the digits (language English, table

1A) and the orthogramic alphabet (language English, alphabet table 1C, recordai

under idmtial additions to the R9610 database) remecuvely. For the

inconsistalt speaker, the sharia of the two distrihitims are quite differmt,

but for the omsistmt speaker the match between the two distrihations is good.

mreover, the Eitrerainegood,evmwhentheneanerrormteincreasesdueto
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Figure 4: Cunparison of observed error-rate distributions with distributions
predicted according to a binanial rule with the same mean: (a) speaker MW,
language mglish, table 1C, (b) speaker RM, language English, table 1A and (c)
speaker RM, language English, alphabet table 1C.

WEION

The experiments reported in this paper confirm that the perfomanoe of
whole—word pattern matching algorithms can depend crucially on the duoice of
reference set. The extent of this dependency has been shown to vary
significantly between speakers. It has been demnstrated that distributions of
error rate with respect to reference set provide auseful tool, both for
evaluade refetmce selection methods and for canparing algorithm. Finally,
the implicatims for assessing speaker consistency of the speaker-dependent
nature of the importance of referawe selection have been comidered.
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