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ABSTRACT

Concatenaled speech of": potentially very high quality ourputfar speech synthesis systems. Such quality is very
desirablefar automatic announcement system which need to put out variable content messagu over the telephone
network. However, to date the firll potential of the techniques has not been fitlfilled. largely as a remit of the
difiieulrr‘es experienced in producing a naturalpitch contour. and otherprosodic problems.

This paper outlines these principal problems. and describes various approaches which are being investigated to
alleviate them. Possible solutions are applied to a small well-dfined danurin, which is the automatic generation of
telephone numbers. A phonological intonation model is developed using formant—encoded speech templates.
Features ofhoisting andprojected systems are discussed.

1 GENERAL

Any automatic mmage generation system wanting over the Public Switched Telephone Netwod: must produce
speech of sufident quality to be fully acceptable to the general public. To date. BT has used several versions of
telephone number announcement systems. While such systems produced successively higher speech quality. poor
prosodic: limited overall naturalness.

This paper addresses the problems of prosodiu in synthetic spoken telephone numbers. The two main areas
examined are F0 and timing. A systematic study of the prosodic behaviour of diy‘ts in spoken telephone numbers
was undertaken Algorithms were derived from tle results of this study and implemented in soliware.

This paper presenm an overview of the architecture of the resulting sofiware, termed ANSA (standing for
Automatic Number Synthesis and Announcement). which was used as a testbed for various prosodic techniques.
ANSA uses a combination of a phonological intonation model and tinting calculation techniques to synthesize
high-quality spoken telephone numbers.

The problems facing automatic announcement systems are outlined below. along with some past and present
tcdmiques adopted by BT to cope with the problem. The latter are presented in the context of the ANSA sofiware.

2 PROBLEMS

2.1 SPEECH QUALITY

Any automatic message generator should produce highly understandable speed: which also has a reasonable degree
of namnlneas. An automah'c telephone nturtber generator an use various units, ranging typically from entire
telephone numbers to single concatenated digits. In general. the larger the unit employed. the more natural the
resulting number. Unfortunately. the larger the unit becomes. the more data has to he collected. Earlier systems
attempted to reduce the data inventory by using the concatenated single-digit approach.
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However. the penalty for using this limited dip't inventory is that of reduced naturslness. particularly in the

prosodicsm'l'hishasnot pteventeddtewchniquehomhdngnsedlflleeadyamotmoemattsymmsmendoned

above used concatenated digits wim fixed intonation patterns. This caused many problems {or theuser. despite the

basic diy'ts themselves bdng easily intelligible. 11aia is discussed further in the section below on Intonation.

2.2 moon-non _

Intonation is the single largest problem faced when designing a system of this type. Although systems can

fixed intonation patterns with some sum, the resulting eoncatmated digit suing: are only marginally natuteL

Thist'ype ofaystetn carries sdisadvantaseinthat the lackofany temporal matters (mostofwhidtatecarriedby

intonation) causes an unusually high demand to be placed on short-term memory funaion. As a result. the user

findait hard to proce such numbers.

Most of the efiorts to improve on automatic mrmber announcement systems have fourssed on the problem of

intonation. to the exclusion of all else. A typieal approadi was to sample three {onus of each digit. one from the

end of the subsoribercode (Terminating). one from the middle of a number group (Noun-a1) and one from the end

of anon-final group (Continuum) [1].

System X announcements used PCM—enwded dip'ts. and used the above method to simulate F0 patterns. The

tesuictiom irnpom by the waveforrn-resynthesia method necessarily limited the complexity of the model. but the

resulting quality was a great improvement on previous synems. -

The next stage was to use tenant-encoded speech templates in plane of Pull—encoded speech [23]. This gave a

much greater flexibility in that, under this synem. F0 is a single easily-sneessible pannieter that can be calculated

and reassigned. A system was produced [3) which re-implemented the System x intonation modeL but which

included two refinements.

The Em was an additional template; it was found necesary to produce a "phrase initial" pattern. The second

concerned adjusmtents of the timing of each individual digit to produce perceptual regularity. This last used an

implementation of Morton et al.'s P-Cenne notion [4]. This system produced reasonable quality speech with:

fairly nautral FD eoutour. although it did not attempt to model any second-order phenomena such as vowel and

coonant perturbations.

3 THE ANSA MODEL - SYNTAX, PHONOLOGY AND PROSODY

3.1 SYNTAX AND PHONOLOGY

3.1.1 SYNTAX

The first stage of ANSA is a parsing module which splits up the trimming digit mitts. To produce a sensible result,

the syntax ol'the telephone number must be taken into aeoount. A sntdy ofthe hierarchical nature oithe telephone

numberproduoed a simple syntactical model which eotdd be used as abasis foran intonatinnal model.

In this model. the number is considered as a set of syntaaic Groups. There ate two difl‘erent types of Group. The

distinction is based on syntaaic and intonation! behaviour. Fowl: conventional syntactic terminology, these

wonuptypesnerefenedmasdteHeadand theModihrJheHeadisthe moslimpottampartuithenumber,

both syntactitu and selnantiqally. It corresponds to the Subscriber Code. All pmeding nodes 3.; mguded as

subordinate to the Head; they modify it in the same way u adjectives can be regarded as modifying now,

Modifier Groom correspond to Area Codes. Thus. the number 081-688-5673 will be split up by the parser as
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0 8 1 6 8 8 5 6 7 3
MODIFIER MODIFIER HEAD

The parser requiru separators to inform it of the crcislence of more than one Group. Following traditional notation.

these separators may be either dashes or spaces,

3.1.1 THE PHONOLOGICAL INTERFACE

The hamewodt used for the generation of a pitch contour is an implementation of a theoretical Pitch Event model
of intonation proposed in [5]. This framework contains two components. a phonological and a phonetic one,
completely independent of each ruins. Neither the phonetic nor the phonological oomponent of the framework
make any assumptio about any other formant parameters. Thus the intonation module as a whole is completely

independent of the rest of the processing. ANSA preserves and exploits this independence. allowing completely

different types of formant encoded data to be used with minimal changes,

Forming the phonological interface are various rules which define the Pitch Events which are going to be assigned
to the templates. A sub-module of the Concatenation Module is respomihle for assigning these.

This sub-module defines all syntactic Groups as Major Phrases, with the important exception of the Head Group,

whidr is cmnplert and may consist of more than one Major Phrase. A Major Phrase is defined here as being an

utterance terminated by abreath or punctuation.

Each Major Phrase is assigned a pattern of perceptual prominences, which are eventually interpreted as Hertz
values The rules governing these prominence assignments reflect the patterns of intonational behaviour exhibited

by different numbers ofstressed syllables in a phrase.

The phrase based prominence pattern assignments act as a direa input to the intonation model. Each Major Phrase

is processed separately. Features of the intonation model are described below.

3.1 INTONATION GENERATION

The Intonation Modules are responsible for producing a train of F0 values from the phonological instructions
pased to them by the Concatenation Module. Briefly. the basic contour is produced from frequency values in
Hertz which are awigned to each Pitch Eyent. These are derived from the perceptual prominence values which are

asigned in the phonological component of the Concatenation pm. Interpolation is then performed between
Pitdr Events to produce a continuous contour. However. two additional stages of processing are required to
produce a fully narural F0 contour. intrinsic P0 and consonantal perturbations.

3.2.1 VOWEL INTRINSIC FUNDAMENTAL FREQUENCY

For some time. vowels have been observed to contribute to F0 quality. Depending on the vowel, a smooth local
perturbation will be produced on the F0 contour. mulling in either higher or lower F0 Values in the region of the
vowel itself, This is referred to in various studies [6.7.8 ete.]. as (vowel-) intrinsic fundamental frequency (rm).

The present model uses an algorithm which treats 11:0 as an integral part of the phonetic realisation process
performed on the phonological Pitch Events. Each vowel has an IFO contribution associated with it. which is

combined non-linearly with the Hertz values assigned when a Pitch Event is realised This produces the necessary
smooth perturbation during the stressed voweL
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3.1.2 CONSONANTAL PERTURBATION

Consonanlal perturbations are also observed in F0 traces. These perttnbations are unlike those introduced by

vowels in tlnt they introduce sharp discontinuities into the pitdr contour. ANSA contains a module which

calculates appropriate perturbations for each consonant. and assigns these to the vowel at the appropriate positions

3.1.3 INTONATION ANNOTATION

ANSA depends for its operation on a secondary data file which stores all the data for relevant events in a template.

Each template entered into the main lookup table must have a corresponding entry in the annotation table which

contains data arch as din-adorn. start ofmaed vowel. etc. Using these data. it is possible to produce a complete

description of the relevant intonaan events throughout any word. and to tune prosodic information without

recompiling the synetn.

4 THE P—CENTRE AND OTHER PROSODIC CONSIDERATIONS

in order to produce natural—sounding telephone numbers, it is not enough merely to produce a convincing FD

contour, The Group: mentioned above. When spoken by operators. are sepmwd and spaced in a rather arcifidal

way to enable the listener to prooen the number adequately. The prosodics of these separations and spaces are

similar to that used when dictating words. An algon'tlrrn must be identified which models the rhythm and spacing

of mtmbers oonectly.
_

initially. experimutts were carried out with unpemrrbed F0. An algorithm for spacing groups was fairly readily

identified. A first approximation was to use fixed silenoe periods of half a second. This was unsatisfactory. but a

secoral approximation ruins the length of the Group itself as a metric for the following silenoe produced better

results.

A anther problem was that digits within tln Groups appeared to be spoken at an irregular rate. some following

others far too fast, others too slowly. Th'u perception of unevenness was not apparently linked to the duration of

the digit.

The problem of perceptual unnevennesa when concatenating words has been widely recognised. Many attempts

have been made to space digits and other sounds such that they appear to occur evenly in time. Morton er al. [4]

suggest that there is a "perceptual centre" to every word. which must own: at regular intervals. Produu'ng an

algorithm to implement this notion was initially attractive given the ability to annotate any part of the digit

template, but on investigation a significant problem arose. This was that the Pemeplual Centre. or "P-Centre". did

not correspond with any one aoousn'c event within the syllable. Various intro-syllable events were tested. but none

of these produced consistent results. '

Subsequent tests on permuted W, ie H) with vowel and consonant pernlrbatims added lo the basic contour,

produced an interesting resulL Much of the previous unevenness disappeared. and the number strings were

peroeived as having much more natural timing. to the point that it was felt that no more erqaerimenratjon on

P-Centres was necessary.

This has irrtplitations for perception It seems from these results as if the various components of a complete F0

contour produce the efiefi of a single f'P-Cenrre" by direaing perception to the collect pan of the syllable. This

suggests that the P-Cenne itself does not have any reality. although the phmomenon ofperoepnral oentrrng is real.

5 RESULTS

The ANSA system differs mainly from previous systems used-to generate, telephone numbers automatically by use

of a sophisticated prosodic model to simulate natural pitch contours and rhythm. The hypothesis was that such a
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synem would produce speech that sounded more natural than similar earlier systems which did not have such a

model.

Accordingly. tests were devised to assess the quality of the ANSA-produced speech in relation to both natural

speech and the speech produced from the straight-line template system devised by Hall and Crombie [3]. Two sets

of tests were used; firstly informal listening tests. and secondly visual tests to provide more concrete evidence.

5.) LISTENING TESI'S

mthistestseetwotypesofustwereusedThefirstwasasn-aightforwardlisteningtestwherereeordingsof

telephone numbers spoken by a human operator were compared to their sythetic counterparts generated by the Hall

and Crorttble synern and ANSA. '11: second was a test where the F0 parameter was separated from all other

formant parameters and compared to the lat wavefontt which had been simultaneme recorded on the database

using a laryngograpli This was done in order to force a comparison between pitch contours which as far as

possible avoided all supraglorral parameters. such as voice quality. which might influence the decision.

Tire ntethod in both ma was similar. Three version of randomly selected telephone numbers were produced. one

from the number recorded Ernnt a human speaker. the second fimn the Hall and Gnmbie system. and the third

Rant ANSA.

5.1.1 LISTENING TEST RESULTS

In the ease of time waveforms. all listeners identified the mtural data instantly and agreed as to its superiority over

either of the two itan symma. Next in order was the speech produced by the ANSA synern. The Hall and

Crombie system was generally ageerl to be the least natural u regards Rt. althougr the voice quality olboth

systems was judged to be similar. due to the fact that the same formant encoded templates were used for both sets

of data.

The ANSA system was felt to perform particularly well in long number groups where the sn'alght-line algorithm

used by the Hall and Crnmhie system led to a very flat pitch contour. The diflerence betwoenthe systems was less

marked in the shorter number groups. but was still evident. .

nepirehtestsproduoedmoreunexpectedresults.tntniscase.itwasevidenttoaillistenerawhichpitdtwas

produced by the Hall and Oomble system, but it was harder to separate the natural Lx from the pitch produced by

ANSA. When a forced choice was presented between ANSA and (natural) Lx. the Lx was detected with little

better than chance hequency.

5.1.2 VISUAL TFSI'S

In this test set. F0 traces were obtained for annual and synthetic numbers. They were compared visuauy for

discrepancies. Although this method should have produced concrete evidence of difl'erenoes. it in fact produced}

problem. __

It was found from examining the two traces that generally there was good correspondence between the two, with

minor variations. However. there were discrepancies. and it was not possible to say from visual examination alone

whether these were due to faulty modelling of the intonation contour. or whether they reprsented legitimate

variation in production. ‘

Therefore. a further listening test wm performed on the potentially wrong number group. with the following

heuristic in mind:
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IF. after listening to this number group. ii is clear that it would neverbe produced in this way by a human speaker.
THEN the contouris inappropriate.

This combined visual/aural approach highlighted some minor problems which were solved by adjusting
prominenoes. v

6 CONCLUSION

The ANSA sofiware presenled produces speech fiom formant encoded templates using a fully automatic
synthetically generated intonation contour whidt accurately models most of the first-order phenomena found in
natural pitch patter-m.

From both sets of tests performed above. it was seen that this model gives ANSA a clear lead over earlier systems
where a [as sophisticated algorithm is used. This is particularly evident in longer series of digits. and when R! is

separated from all other parameters.

ANSA solves many of the problems encountered by previous synems by means of using an integrated
phonological intonation model. This includes at lean partial solving of the rather inn-aetahle problem of the
P-Cenne. the complete independence of the intonation model from the telltplale data means that. in principle. any
type of encoded speech may be used as input. In addition. ANSA may be generalised to deal with vocabularies
other than telephone numbers.

Work cunently in progress on improving the ANSA model involves collecting more data from speakers in order to
model F0 more acctnalely.
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