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Segmentation Techniques in Speech Synthesis”

Gordon E. Peterson’ , William S-Y. Wang® and Eva Siverisen’
2Speech Research Laboratory, University of Michigan, Ann Arbor, Michigan
* University of Oslo, Oslo, Norway

A basic method of speech synthesis is described in which discrete segments
of recorded utterances are joined together to produce continuous speech. The
segments are characterized as (a) containing parts of two phones with their mu-
tual influence in the middle of the segment, and (b) beginning and ending at
the phonetically most stable position of each phone. All segments containing the
same articulatory sequence have been defined as a dyad. The method of synthe-
sis described includes not only articulatory phones, but also intonation, stress,
and duration. A large number of segments is required and various techniques of
obtaining the segments for speech synthesis are discussed. The method is limit-

ed to a specific dialect, and practically it is limited to a single speaker.

For many centuries scholars have demonstrated a somewhat casual curios-
ity about the mechanical synthesis of speech. With modern advances in com-
munication technology, however, the possibility of important applications of
the artificial creation of speech has been recognized. Among these are the
transmission of standardized speech over channels of low information capacity
and the transformation of orthography to speech. The former of these two ex-
amples could form the basis for telegraph speech and the latter the basis for
print reading for the blind or for the production of a speech output in mechani-
cal language translation.

Of primary interest, however, is the basic information about the structure
of speech to be derived from efforts to create it artificially. In this case the ul-
timate objective is to synthesize utterances which are indistinguishable from
normal human speech production. It is obvious that a great deal of knowledge

about the spectral and also the transient or dynamic aspects of speech would

(D Originally published in The Journal of the Acoustical Society of America, Vol.30, No.8, Au-
gust, 1958.

This research was supported by the Horace H. Rackham School of Graduate Studies of the Universi-
ty of Michigan, and more recently by the Information Systems Branch of the Office of Naval Research un-
der contract Nonr 1224 (22), NR 04%9-122.



be necessary in order to achieve such a synthesis.

In the past, various mechanical devices have been constructed for the
synthesis of isolated speech sounds, and some attempts have been made with
instruments to create actual continuous speech. More recently, however, the
convenience of an electral analog to the human vocal tract has been recog-

nized, and several electronic synthesizers have been developed.
Methods of speech synthesis

There appear to be two basic approaches to the automatic synthesis of
speech. One approach involves the use of dynamic electronic or other instru-
mentation to generate the speech according to a sequence of control signals.
These control signals set up specific parameter values which depend upon the
language to be synthesized, and the transitional effects between these values
are provided by the dynamics of the system. The second general approach in-
volves the use of discrete segments which are connected together to produce
the speech. These segments may be of actual human utterances or they may
be discrete segments which are artificially generated to form basic units for the
synthesis. Both approaches may employ discrete inputs. In the former ap-
proach the dynamic properties of the vocal tract are an integral part of the ana-
log, whereas in the latter approach segments are stored which contain the ap-
propriate dynamic properties. This latter approach is that discussed in the
present paper.

Quantitative information about the dynamics of the human vocal tract is at

Fig.1 Broad band sound spectrogram showing

the segmentation of the word seed.
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present very limited. The essential parameters involved in the dynamics of the
mechanism have not yet been well defined. One characteristic in particular
which has been considerably neglected thus far in speech synthesis is the servo
property of the system.

The obvious complexity of the human system suggests that, even if its pa-
rameters were well understood, the construction of synthesizers which ade-
quately represent its dynamic properties would be difficult. This suggests the
possible convenience of synthesizing speech from recorded segments of actual
human utterances, in which the parameters and dynamics of the system are al-
ready normally represented. A possible alternative would be to employ seg-
ments constructed artificially, but which were individually adjusted and care-
fully modified until each approximated the properties of normal speech.

The first major study of the synthesis of speech from segments of human
utterances was made by Harris. @ He discussed the theoretical and practical
importance of this approach to speech synthesis, and developed instrumenta-

tion for programming sequences of recorded segments.
Dyads

The present study was based upon two major assumptions, resulting
chiefly from experience with the analysis of speech: (1) that speech is quan-
tized and the intelligibility of speech is carried by the more sustained or target
positions of the vowels, consonants, and other phonetic features; and (2) if
synthesized speech is to sound natural, the normal dynamics of speech pro-
duction must be maintained.

On the basis of these two hypotheses it was concluded that the segment
junctions should be made in the more sustained portions of the speech sig-
nal, and that the transitional sections should form the segmental units for the
synthesis. Thus in the method described here the segments consist of adjoin-
ing portions of two phonetic units. To construct the segment [ si], for exam-
ple, the [s] and the [i] would be sectioned at about the middle of their du-
rations. The segment to be employed in speech synthesis would thus be
formed by the latter portion of [ s] attached to the first portion of [i]; ac-
cordingly, the dynamics of the articulation of [ si] would form a single recor-

ded segment.

(D C.M. Harris, J. Acoust. Soc. Am. 25, 962-969(1953).
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The method is illustrated in Fig. 1 which shows a broad band sound spec-
trogram (to 3500 cps) for the word seed. The vertical lines indicate the posi-
tions at which different segments would be joined together if the word were to
be constructed artificially.

No language, however, can be reduced to simple unidimensional se-
quences of phonetic or phonemic elements. As a minimum, consideration
must be given to (a) articulatory sequences, (b) tone and intonation,
(c¢) duration, and (d) stress. Thus several different versions of the segment
[si] would be required depending upon the conditions of allophonic variation,
tone or intonation, duration, and stress which it proved necessary to represent
in the synthesis. The emphasis which must be given to any one of the above
aspects or features, of course, will vary with the particular language involved.
In some languages one aspect may be very highly correlated with another as-
pect. Such correlations and interrelationships will normally simplify the total
segment catalog required.

Throughout the remainder of this paper we shall define articulation to in-
clude all supra-laryngeal phenomena in the vocal tract. The term prosody in-
cludes tone and intonation and stress. Duration and linguistic juncture may in-
volve both articulation and prosody.

We define a segment as an articulatory sequence pair (including the case
in which silence is either the first or second element of the sequence ) with a
specific prosody. A dyad is defined as the set of all segments involving a sin-
gle articulatory sequence pair and all conditions of prosody associated with that
sequence.

Languages differ greatly in their structural patterns of articulation and
prosody. Not only is a particular system of synthesis restricted to a given lan-
guage and a given dialect, but in order to have the segments abut properly it
is necessary to derive them from a single speaker. Thus the method is restrict-
ed to standardized speech as discussed by Harris.

The articulatory sequences contained in the dyads are not phonemes. The
articulatory target sequences may be considered allophones of the phonemes of
the idiolect involved (as will be shown later) ; more than one allophone of a
phoneme may be necessary in order to produce normal speech, but all allo-

phones of a phoneme may not be necessary.



