
































/s,f,e/ i1s affected by the rounding or lip closure of adjacent
vowel /u, ,ou/, semi-vowel /w/ or consonant /p,b/. Rounded
allophones /s',f,e/ are provided,

(d) I'vowel. 1In British English the /I/ vowel has a special
reduced form that is distinct from schwa. This special form is

denoted I' and distinguished from schwa by a lower first formant.

4, Pause.

The element# 1s not usually considered a sound, though it
is in a logical sense a phoneme, In the present program it
serves three purposes: in the input to the program it signals a
pause, so that certain duration modifications can take place, It
also has a role in the output as a simple pause =~ it has duration,
Thirdly it functions like a vowel in transition computation: the
excitation is low level aspiration which allows just audible
release transitions in stop consonants in absolute final position.
After a final vowel,a'semivowel /1/ 1is not heard and simply
represents the return of the speech apparatus to resting position,

(¢) The rules.
The present rules are restricted to the production of temporal
pattern of segmental information in speech from an input that is
phonemic but includes certain extra symbols. The rules do not
permit automatic derivation of the pitch parameters from
grammatical markings; this aspect is ignored and the pitch is
copled from a natural utterance in order to allow independent
evaluation of the segmental properties of the speech from the
prosodic properties, The examples which follow were produced by
following the rules in punching the control data by hand (to be
distinguished from copying a natural utterance), but the procedure
for synthesis by rule is described in terms of the computer
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program under development. The rules in the second half of the
present program are metrically based, while those in the first
part are mostly logically based.

(A) Logically based rules =~ the first part of the program,
In the first part of the program these comprise the duration
modifiers, and are of 6 types. They are based on a simplification
of some data of Elaert, (1964) and analysis of spectrograms of

the speech of a few individuals, We expect to be able to refine
and add to these rules considerably,

(1) Stress modifier. The beginning of the stressed syllable
is marked; the end of the stressed syllable is located by a simple

syllable delimitation procedure which divides intervocalic
consonants equally between the two syllables or allocates the
odd consonant to the following syllable in the case of an odd
number, In the stressed syllable, all elements are lengthened
excépt bursts; their durations are multiplied by a factor of 1.2.
Stress also controls the portion of the vowel given aspiration
as /h/ or post-stop aspiration.

(2) Prepausal modifier. Preceding the 3 sign the 1ast

vowel or both diphthong elements and all consonants following
are lengthened. gll vowels by a factor of 1.5 and consonants
by 1.2, There is some indication that a sub=division of
consonants should be made in this respect, but data on this
have not yet been gathered.

(3) Pre-consonant modifier. All vowels and diphthong

elements followed in the same syllable by a voiced consonant
other than /1/ are lengthened by a multiplicative factor of
1.5. As voiced consonants are shorter than their voiceless

cognates, this has some of the effect of holding syllable
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duration constant.

(4) Cluster modifier. (a) General. All consonants and

semivowels in clusters not divided by a stress mark or pause
mark are multiplied in duration by 0.8. This rule can
undoubtedly be refined. (v) Stop consonant cluster modifier.

When stop consonants combine, the closure duration of the second

is further decreased by 20 msec and the burst for the first is
omitted. (Only in artificially careful real speech would it be
seen). (c) Homorganic stop rule, Closure
duration of /t/ and /d/ following /s,n/, of /b/ and /p/ following
/m/, and of /k/ and /g/ following /n/ are further abbreviated by

20 msec,

(B) Metrically based rules -- the second part of the program.

These operate upon data already in a quantitative form. They are
chiefly designed to achieve a transition from one phone to another,

(1) Consonant transition rule., a) Consonant-vowel transition

type 1: all consonants except semivowels /w,r,1l,y/, have a table
entry for the consonant locus., Transitions from vowel to locus

and vice versa are worked out as follows.

For the first formant frequency a standard duration of 30
msec (3 time samples at normal sampling rate) is allocated to
the transition. This proceeds from the vowel nucleus of the
syllable out towards the consonant locus, and is taken entirely
from the duration of the vowel (or semivowel) in the syllabic
nucleus., For an initial transition the values for these three
samples are 1/4, 1/2, and 3/4 of the way to the locus, vice
versa for a final transition. If the vowel is shorter than 60
msec (/a/, /I'/) the outer transition portions survive at the
expense of the center of the vowel,if the duration of the vowel
is an odd number of samples., This linear interpolation procedure

involves rounding off more often than it will not, but the
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quantization interval is in the region of the just noticeable
difference for all parameters, so this is not a matter of
importance.

In the second and third formant frequencies and amplitudes,

a similar process takes place except that three sample values are
1/3, 1/2 and 2/3 of the way to the consonant locus, As in real
speech, the chief cue to the place of articulation of the
consonant, the second formant locus 1s a target which can be
inferred from the speech signal without being actually present in
1t. Figure 2 illustrates this principle in two cases,

b) Consonant-vowel transitién type two: Figure 2 also illustrates
the other type of transition observed chiefly in the second formant.
In real speech, final consonants are typically anticipated to an
extent where the final transition does not start from the vowel
target value. This reflects an inertial constraint upon the
forward-backward movement of the tongue mass, and is approximated
in the present rules by simply interpolating the second formant
between the 1/3 way to locus points in the case of a consonant-
vowel-consonant syllable, This is not done when an initial
semivowel intervenes: in this case, or if there i1s only one
consonant in the syllable, interpolation type 2 reaches or
starts from the vowel or semivowel target value in the middle of
its connected element duration; with an even number of samples
the middle sample 1s defined as the one following the midpoint.
¢) Consonant-to-consonant transitions: in real speech spectra
there are not many cases where such transitions are important.
One exception is entailed by the juxtaposition of fricatives and
lip-rounded or closed elements e.g. /-sps/, /sw-/ etc. Although

there are transitions in the fricative nolse parameters, the
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present program replaces them by a single rounded allophone,
which may be all that perception requires. There is thus no

need for transition rules to operate on the steady state portions
of consonants.

(2) Vowel and semivowel transitions. Typically slower

transitions are needed for these sounds than for the consonants
described above, Thesé sounds are classified together for
transition purposes; the consonant transitions are all located
within vowel or semivowel boundaries, Semivowels always combine
with vowels and occasionally vowels combine transsyllabically.
The program deals with them in the following way: the second and
third formant frequencies and the overall amplitude are linearly
interpolated between the mid-points of the adjacent elements
(defined above). The first formant frequency undergoes a four-
sample (1O msec) linear transition. The behavior of the second
formant will allow the target values to be achieved in combina-
tions of incompatible articulations like /iwi/ and uyu/, but this
misrepresentation may not be crucial., It is probably of greater
importance that this procedure will give a transition rate that
is completely dependent upon speech rate. Experimental studies
are planned to determine both the seriousness of this defect and
the adequacy of the fixed-duration eonsonant transition model un-
der 1 (a) for transitions over all frequency ranges.

(3) Diphthongs. '
These are derived from elements already in table by a modifica-

tion of the transition rules applied to both the second and first
formant frequencies., Linear interpolation in these parameters
proceeds from the third time sample at a point 1/3 of the way to
initial consonant locus from the first diphthong element and
reaches the target value of that element at the end of its cor-
rected duration. If there is no initial consonant, the whole
first element is a steady state. This gives the effect of
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domination of the diphthong by the first element, which is
appropriate, Interpolation is then continued from the béginning
of the second element,(also corrected for duration by the same
rules as vowels) to reach the target value of that element at
the end of 1ts duration. In the case of a final consonant it
will reach the target at the fourth time sample from the end.
These rules give reasonably good diphthongs., Transcriptions
appropriate to their operation in RP English are /ax, oI, €I, ou,
au, T., vz, €z/.

Transitions in amplitude parameters.

At the present there are no transitions in formant or fricative

amplitude parameters, Thus the formant ampllitude relationships

just before reaching the consonant locus in /ud/ would be those
of /u/ rather than of a vowel in the /1/ region which would be
more appropriate, It will be determined whether or not this is
important and how precisely the constraints of real speech must
be followed, Modificatlions are certainly possible. The
amplitude transitions are at present handled by the overall
amplitude parameter which takes on a value of 6, 8, and 10 or
the same 1in reverse in the three time-samples of a type 1
transition. For a diphthong, a vowel-or semi-vowel-to-vowel
transition, linear interpoiation of overall amplitude is used

between the element mid-points,
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