


8 Voice Communication

Assuming this figure does in fact represent a rough upper limit to
man’s ability to ingest information, he might allot his capacity in various
ways. For example, if a speaker were rapidly uttering random equi-
probable phonemes, a listener might require all of his processing ability
to receive correctly the written equivalent of the distinctive speech
sounds. Little capacity might remain for perceiving other features of
the speech such as stress, inflection, nasality, timing and other attrib-
utes of the particular voice. On the other hand, if the speech were idle
social conversation, with far-reaching statistical constraints and high
redundancy, the listener could direct more of his capacity to analyzing
personal characteristics and articulatory peculiarities.

In protracted conversation the constraints of the language and the
reasonably efficient human memory usually enable a listener to switch
between a decoding of phonemic content and an observation of personal
traits. Prosodic information can be assimilated along with phonemic
features which relate directly to the written equivalent of the spoken
information. The latter are customarily identified with speech intel-
ligibility, while the former is loosely associated with speech quality.
Intelligibility is conventionally quantified in terms of articulation scores
and rates of receiving the written-equivalent information. Speech
quality, as yet, has little basis for quantification. Until both intelligibil-
ity and quality can be suitably defined, the fidelity criteria for estimating
speech information rates will not be firmly established.

1.4. Analysis-Synthesis Telephony :
An Approach to Improved Efficiency

Despite the equivocal aspects surrounding estimates of human
channel capacity and speech information rates, it is clear that a mis-
match exists between the capacity of the conventional voice channel and
the information rate of the source feeding it. One approach toward
improving the match is to incorporate into the transmission system as
many as possible of the constraints characterizing the production and
perception of speech. This information, built into the communication
link, is information that need not be transmitted. Another way of
viewing the situation is that the channel, so constrained, confines the
message ensemble to the sounds of speech. In general, no other sounds
will be transmitted with acceptable fidelity.

Having built into the system constraints appropriate to production
and perception, communication is effected by signalling certain para-
meters of the constraints. The nature of the incorporated constraints
therefore influences the form of coding for the speech information.
Assume, for example, that the limitations on the mechanical movements

Physiology of the Vocal Apparatus 9

of the voeal tract are to be taken into account in the transmission
wystent. One reeeiving device for realizing such restrictions might be a
mechanical or electrical analog of the vocal mechanism. Speech in-
formation might then be coded and transmitted in terms of tract dimen-
sions, deformations, and properties of vocal excitation.

Voicec communication systems in which a conscious effort is made to
improve cfficiency by constraining the facility according to the character-
istics of speech and hearing are customarily referred to as analysis-
synthesis systems. The term is often taken as synonymous with speech-
compression or band-saving systems. A main purpose of this mono-
graph is to set forth the fundamental properties of speech and hearing
which relate to communication systems of the analysis-synthesis type.
A Turther purpose is to outline techniques for utilizing the properties of
specch and hearing in practical transmission systems.

[n attending to these objectives, the physiological and acoustical
properties of the human vocal apparatus will be considered first. Next,
the fTundamental principles of the hearing mechanism will be examined.
‘These basic expositions will then be followed by topics in speech analysis,
speech synthesis, and speech perception. The final discussion will center
on application of the preceding results to realizable speech-coding
systems.

II. The Mechanism of Speech Production
2.1. Physiology of the Vocal Apparatus

Speech is the acoustic end product of voluntary, formalized motions
of the respiratory and masticatory apparatus. It is a motor behavior
which must be learned. It is developed, controlled and maintained by
the acoustic feedback of the hearing mechanism and by the kinesthetic
feedback of the speech musculature. Information from these senses is
organized and coordinated by the central nervous system and used to
direct the speech function. Impairment of either control mechanism
usually degrades the performance of the vocal apparatus?.

The speech apparatus also subserves the more fundamental processes
of breathing and eating. It has been conjectured that speech evolved
when ancient man discovered he could supplement his communicative
hand signals with related ““gestures” of his vocal tract. Sir RICHARD
PAGET sums up this speculation quite neatly. “What drove man to the

1 Most of us are aware of the difficulties that partially or totally deaf persons
have in producing adequate speech. Even more familiar, perhaps, are the temporary
difficulties in articulation experienced after the dentist desensitizes a large mouth
area by an injection of anesthetic.



