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ABSTRACT

Coarticulation ¢ffects and regional accents are features of natural speech which are rarely apparent in synthesized
speech. Wark has been carried out to investigate the possibility of providing control over synthesized speech which
would allow such features of natural speech to be modelled. Providing aniculatory control aver the synthesis process
wouid allow the aclons of the articulators to be modelled o produce the desired acoustic result. Complications arise
when attempting to design and implement the complex controt parameters for such models, An approach is proposed
which will allow some of the flexibility of modelting the actions of the articulalors to be combined with the ease of
vse of a parallel formant synthesizer based on the JSRU speech synthesizer.

1. INTRODUCTION

Control of speech synthests in the aniculatory domaln involves specifying directly the acuons of the articulators,
whereas coatrol ia the acoustic domain involves speclfying acoustic features of the speech being modelled. Current
attempls at control of synthetic speech in the articulatory domain have proved 1o be somewhat less fruitful than those
based in the acoustic domain. Aa articulatory model does however have 8 number of advantages over an acoustic
model. The most prominent of these is the ability to model the wransitional effects of the articulators, which holds the
promize of the producing of high quality, natural sounding syothetic speech.

A model based purely on manipulation of the anticulators has several drawbacks, The first is that people modify their
speech by reference 10 auditory feedback. They will pot necessarily be award of the articulalory gestures they are
employing. As a result of this use of suditory feedback, not all people use the same gestures (o produce the same
acoustic resulis. The follow-on effect of this i5 that fi becomes difficult to declde which gestures (o use to reproduce
by sysothesis a particular acoustic event.

The second problem area for articulatory synthesis is the difficulty encountered when atiempting to measure articulatory
gestures. Speech can be gencrated relatively easily from measurable acoustic signals such as formant frequencies,
however the parameters we are required 10 measure [0 produce ao articulatory model occur in three dimeasions, and
are difficult to measure especially from the two dimensional data available. .

2, PROPOSED SOLUTION

Iuis proposed that it would be possible (o provide the type of articulatory control described in the previous section by
considering the view of speech segments taken by linguists, in conjutclion with the parametric definition of speech
segments utilised by those working with speech synthesis. If the definitions of a speech segment in terms of acoustic
parameters were to be analysed in terms of phonetic features such as tongue height and lip rounding, for example, then
tie possibility of offering a limiled type of articulatory control over the speech synthesis process is made availabte.
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Tt must be considered whether this approach will present any beoefits. If we look at e JSRU parallel formant
synthesizer (1) we can {llustrate the possibte nse of our approach. The design for this parallel formant synthesizer has
changed little to the present day, apan from proposed hardware modifications 10 allow the higher formant frequencies
1o be rendered more accuraiely (2). The synthesizer can be driven using tables of parameters to define cach speech
segment. The suggested approach for dealing with coarticulation is 1o use a system of ranks for each segmeni. When
two segments are concatenated together, the segment with the highest rank will dominate the parameter wansivons
between the two segments. This approach produces good resulis for inter-segment ¢oanticulation, but fails to deal
with coarticulation which spreads across more than one segment. This is where our suggesied approach will offer an
advantage as it will then be possible to modify segments to take account of this coarticulation.

Phonetic features also provide a possible representation of instructions used by the braia 1o contrel the articulators
during speech production. This is why they provide a valuable key to modelling natural speech more closely; they
allow the actions of the articulators to be specified. Phonetic fealures must not be confused with distinctive features,
for although the same notation 15 used, phonetic features and distinctive features are used 10 represent speech al Iwo
different levels. Distinctive features, along with synractic and semantic detail, provide g description of a speech
segment used 1o determine 1ts behaviour with respect (o the rules of grammar. Distinctive features are used in g
classificatory role; they are given binary values (plus and minus). This is an initia) approximation, as the actions of
the articulators a5 represented by phonetic feaiures, are multivalued. The process of conversion from a classificatory
representation (o the actual phouetic representation clarifies the simple two-valued approximations inte multivalued
coefficients which allow the action of any given articulater to be specified accurately. Phonotogical rules are applied
to oblaia the final phoaetic represeatation. Phonetic features are a representation of the actions of the articulalors, and
hence the phonetic details of the final utterance.,

It is worth mentioning at this poiet that phonetic features arc taken to be universally applicable - they are independent
of language as they are used purely to describe the actiens of the articulators. This presents interesting possibilities; not
only can phonetic features be used to improve speech quality, but they could also be used to model different languages,
dialects and accents.

3. WORK CARRIED OUT

The work carried out was based on 2 JSRU paralle] formant synthesizer, as describied in the previous section. The atim
was 10 ascertain what effect phonetic features have on the tables of data used to specify each speech segment. The
nexl siep was 1o investigate how this could be employed ia the control sofiware for the synthesizer.

A lable was constructed to relate the speech segments used by the syothesizer 10 the phonetic features with which
these segments have been labelled by linguists. Example of a selection of entries from this table is {llustrated on the

following page.

Not all of the fealures typically used by linguists have been included in the table. The feawures consonantal and syllabic
have not been included as they describe classes of segmenis in terms of other phooetic features, and hence can be
derived. The main change 10 Lhe criginal segment specifications was 1o represent the coefficients of toague height,
tongue back-front position and lip rounding as percemiage values, rather than as binary values. This moves the featuses
from being descriptors of the surface representation of the action of either the tongue or the lips, 10 being a closer
approximation 1o the physical reality during aniculation. This also meant that the features froat and low were no

longer required as they ceuld be described using the high and back coefficients.(For example +froal is represented as

0% back and +back Is represenied as 100% back.)
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Segment | soom [ cmese | com | wow | Lo [ amcwr | miew [ pe | e ] WS | Bkt | Mt I Temm
P - - - - + | .+ - - - 50 [1] 0 -
t - - + - - + - - - N[0 [1] -
b - - - + | + + - - - 50| 0 0 -
d - - + + - + - - - 50 0 Q -
m + + - + + + - + - 50 [1] 0 -
[ + + + + - + - + - 50 0 [1] -
f - + - - + + + - - 0 0 0 -
[} - + + - - + - - - 1] 0 [] -
i + + - + - - - - - 95 5 [ +
ae + + - + - - - - - 20 5 [1] -

The effect each phonetic feature had upon the data used by the JSRU speech synthestzer was determined initially by
simple subtraction. One set of data was sublracied from another where the sels of data varied by only one phonetic
feawre. This simplisiic approach led to interesting results, which enabled demonstration software 1o be implemenied,
{llustrating the use of phonetic features (o control synthesized speech.

There are obviously other possible relationships between phonetic features and the control data. These relationships
may not be lincar, as the use of sublraction suggests. We can decide if the approach we have 1aken is sound by
considering the following example. If we envisage a simple model of the vocal tract as being a (ube of constant cross
sectional area, we can calculate the resonant frequencies of Lhe tube by use of the following equation. f; = @4FNe
Where ¢ Is the velocity of souud, ! is the length of the tube and  is an integer. If this is ploned as & graph, we have a
negative expopential curve:

Consider the feature “lip rounding™. Lip rounding involves a ocrtaln protrusion of ihe lips, which in turn has the effect
of lengthening the vocal Uract. We have seen that such a change conforms 10 a negative exponential curve, so in theory
we are wrong to approximate 1o a simple ltnear relarionship between phooetic features, the vocal ract shape and hence
the control parameters vsed 1o drive the synthesizer. There is an important facior which affects this observation. The
parameters we are dealing with are more or less constant. The chazges caused by the actions of the articulators are
small enough 1o allow us to make au approximation. The practical result is that although the reladonship between
variation in the shape of the vocal tract and the formant frequencies is non-linear relationship, a linear relatioaship
may be used as an approximation.

Now we can examine the coourol data for the JSRU synthesizer. For our purposes we can consider this data as having
two parts. (A sample set of data for ooe segment is illustrated in the 1able below.) The first part is made up of the
proportion, external duration and internal duration. These values define the ransitions beiween segments, and are
constant for groups of segments {e.g. fricatives, vowels and so on). We can therefore leave consideration of these
until a Jater date when 2 finer degree of control over each sepment is required. The second part of Lhe data is made up
of the steady state and fixed contribution vatues. These are different for every segment, and are the values that interest
us most.

L Steady State | Fixed Costribution | Proportion | Exiernal Duration | Internal Duration
FN 250 125 50 0 1
Fl 400 200 50 5 2
F2 1300 650 50 5 2
VC 1 1 50 0 0
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Analysis of the dala began with vowels and fricatives. It was hypotbesised that 8 fricative conld be thought of as a4
vowel, with the addition of &n oral constriction providing frication. On the basis of this hypothesis, comparisons were
made between vowels and fricatives to generate a sel of transformations modelling the effect of different points of
constriction. Examination of the fricatives aiso produced a transformation to model the effect of voiciag. Using this
work as a basls, similar comparisons were made to allow transformations for the remaining features 10 be generated.
The fina) result was a set of ransfarmations which describe the efTect each of the features has on the HMS tables.

The only exceptions to Lhis were the features Conlinuant, and Aspirated. These are exceplicns due 1o the way the HMS
sysiem implemeats Continuant and Aspirated sounds. These are represented by a serles of segments. In the case of
an aspirated stop, for example, there will be a period of silence, followed by a ‘steady state’ of sound, folloived by the
aspiration. Hence we require three segments. Nasal stops are also & particular problem as they only require one set of
segment data. They are the exception [o the rule that two or more segments are required to model a stop.

4. RESULTS

To demonstrate the use of the transformations we have generated, the following task was undertaken. If we start with
the schwa vowel, would it be possible to produce other vowel sovnds by manipulation of phonetic features alone? In
this case we would be dealing with the features froat, back, high, low, tense and round. The table below illustrates the
results obtained.

Original Segment | 11 | 2 3 | Modified Schwa | f1 2 ]
275 | 2450 | 3200 275 | 2350 | 2300
400 § 2000 | 2800

450 | 1900 | 2600
375 | 1900 | 2750 625 | 1850 | 2550
750 { 1700 | 2750 725 | 1800 | 2550
750 | 1200 | 2000 675 | 1350 | 2550
300 | 1000 | 2000 250 | 1150 | 1950

450 { %00 | 2700
500 | 750 | 2850
600 | 900 | 2900

375 | 1000 | 2450
575 | 900 | 2500
675 [ 900 | 2550

glulp|s|>|8|m|e]|=

olu|olel=|8lm]|]~

The table is interesting as it illustrates two things. First, for fl and 12, our simple approximation has given us useful
resulls. When transforming a schwa into another vowel, the {1 and 12 frequencies correspond reasonably accurately 1o
the M and 12 of the original vowel,

Secondly, the table shows us thal for 13, a simple approximation is oot good enough. The data is arranged in the
table fo order of 1ongue front-back position, i. i is +front and D is +back. We can sce that there is a discernible
non-linear relationship between the tongue front back position and the 13 frequency. This relationship has the form
y = az® + bz + c where y is the 3 frequency, and z is the tongue back-front position. Suilable values for a, b and ¢
were found by fitting a curve (o the data, resulting in the relationship y = :'r:’ — 55z 4 3400. This process also refined
the coefficients used for the feature representing longue front-back position. These values were originally assigned
“by eye”, and were found to be inaccurate when reviewed. Finally the formant frequency values were recalculated as
illustrated in the table on 1he following page.
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As the table below illustrates, the f3 values are now accurate, with the f1 and £2 values reasonable approximations of
the required values.

Original Segment | f1 2 f3 | Modified Schwa | fl 2 3

275 | 2450 | 3200 375 | 2000 | 3200
400 | 2000 | 2800 450 | 1900 | 2800
575 | 1900 | 2750 625 | 1800 | 2750
750 | 1700 | 2750 725 | 1750 | 2750
750 | 1200 | 2000 675 | 1450 | 2000
300 | 1000 | 2000 325 | 1300 | 2000
450 { 900 | 2700 375 | 1050 | 2700
500 | 750 | 2850 575 | 950 | 2850
600 [ 900 | 2900 650 | 850 | 2900

glo|p|=i{>|B|mfe]~
glu|ol=|>[B]M] ]~

5. CONCLUSIONS

We have demonstrated that the application of very simple techniques can provide control over the production of
synthetic speech segments using phosetic features. Now the possibility of this type of control has been demoastrated,
further work is required to expand on what has already been achieved. Emphasis needs to be placed on the investigation
into the complex relationships between formant frequency and phonetic feature data. These relationships have only
been approximated by the work described in this paper.

One other factor to be considered is how phonetic feature values are assigned (o particular segments. The set of
segments used by the JSRU syothesizer has been produced by analysis of a human voice. These segmeats may or may
not coincide with the segments linguists have defined in terms of phonetic features. Therefore some work is required
10 determine how best to render accurately these feature descriptions of segments.
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