XIII. SPEECH COMMUNICATION

Prof. M. Halle Jane B. Arnold H. Fujisaki
Prof. K. N. Stevens C. G. Bell J. M. Heinz
Dr. A. S. House P. T. Brady C. I. Malme
Dr. T. T. Sandel O. Fujimura F. Poza
G. W. Hughes G. Rosen

A. FORMANT TRACKING

A method of formant tracking based on the use of a digital computer was described
in Quarterly Progress Report No. 54, pp. 161-167. By this method, synthetic speech
spectra, which are constructed within the computer from a catalog of elemental spectra,
are compared with measured spectra of a speech signal. The method has been further
refined and evaluated. Comparison of calculated and measured data has been facili-
tated by displaying the calculated data on the computer oscilloscope in the form of a
"synthetic sonagram," with the aspect ratio of the oscilloscope axes identical to that

of a real sonagram (see Fig. XIII-1).
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Fig. XIlI-1. Photograph of computer oscilloscope face during display
of results of matching process for the utterance "now",
spoken by a female. Each unit on the abscissa represents
a time interval of 11 msec. Ordinate values above the
time axis represent center frequencies of the analyzing
filter bank. Ordinate values below the time axis repre-
sent the magnitude of discrepancy between the measured
spectrum and the best synthetic spectrum, according to
the chosen criterion.
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B. RECOGNITION OF SPEECH BY MACH]’.NE*

This study has been completed. It was submitted as a thesis in partial fulfillment
of the requirements for the degree of Doctor of Science, Department of Electrical
Engineering, M.I.T., September 1, 1959.

G. W. Hughes

C. CHARACTERIZATION OF CURSIVE WRITING*

The problem of pattern recognition in speech is a very difficult one. Handwriting
is a possible alternative physical representation of the set of messages that can be
transmitted by speech. It appears to us that the analysis of handwriting is somewhat
simpler than that of speech and that such an analysis might provide insights into the
problem of speech recognition.

Handwritten texts represent a means of transmitting communications that can be
as adequate as printed text under certain circumstances. The essential difference
between handwriting and printed text lies in the fact that the latter is restricted to
a finite set of typefaces. More particularly, it is restricted by the specification that
each occurrence of a given constant (letter or number or punctuation mark) in a text
be represented by the same symbol. In handwriting, however, the symbolic repre-
sentation of the same set of constants is never unique; in fact, the set of symbolic
representations for any constant is infinite. (This follows immediately from the fact
that the symbol boundaries in handwriting are arbitrary cuts of functions that can be
mapped continuously into a segment of the real line.) Many more serious variations
(serious from the point of view of geometry or topology) occur without impairing the
translatability of handwriting into printed text.

In order to analyze the structure of handwriting, recourse can be had to several
strong analogies between handwriting and speech. In fact, it is possible to find a
virtual point-for-point correspondence between the beginnings of the analysis described
in the following paragraph and certain particular analytical procedures that have been
proposed for spoken language. There is an obvious analogy between the concept of
"phoneme" in speech and "letter" in handwriting. In the analysis of handwriting, the
decision of identification is easier than the comparable decision in speech. Whereas

there is some disagreement in the field of linguistics as to the nature of the phonemes

*
This work was supported in part by National Science Foundation.

152



(XIII. SPEECH COMMUNICATION)

in a given language, there is no disagreement regarding the meaning of "letter" in
the study of writing.

In a manner analogous to the distinctive features proposed for phonology by Jakobson
and Halle, we devised a set of primitive symbols to characterize the cursive hand used
by the majority of North Americans, as well as many Europeans and South Americans.
Certain formation rules governing the concatenation of these primitive symbols or
"strokes" into letters are suggested. Other rules are suggested for the concatenation
of symbols, that is letters (which are well formed in terms of these first-order
rules), into larger strings, a certain set of which are the permissible words of a
language.

The set of primitive symbols and their designations are:

1 1 1 1

Designation: A1 A B B1 C c, DO D, L L

T BN BRI

The rules are:

1. Each stroke is executed in a single movement without doubling back.

2. The strokes are written from the top down.

3. The strokes are written from left to right.

Rule 2 must be applied before rule 3. Thus the C strokes are written from the top
down, although their general direction is right to left. Also note that rule 2 cannot
apply to the B strokes, hence rule 3 applies.

4. Strokes are joined by placing the second stroke to the right of the right-most
part of the first stroke.

5. If the terminal of the first stroke is on the same level as the initial end
of the second stroke, then the join consists of the shortest straight line at that
level.

6. If the direction of the terminal end of the first stroke is horizontal and the
direction of the initial end of the succeeding stroke is vertical, the join is the shortest
stroke that is concave upward.

7. If the direction of the terminal end of the first stroke is vertical and the
direction of the initial end of the second stroke is horizontal, the join is concave
downward.

8. A string is well formed if the first and last strokes are L strokes.

A list of the permissible strings, that is, the strings that correspond to letters of
the alphabet follows.
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Of course, there is an additional number of trivial variants.

An examination of the handwriting of approximately 20 writers of diverse backgrounds
leads to the following observations concerning the concatenation of letters into longer
strings.

a. When the terminal stroke of one letter is LI(LI) and the initial stroke of the
succeeding letter is Ll(Ll), then the ligature between the letters is equivalent to mapping
(a)Ll +Ll((3) into (a)Ll(ﬁ).

b. Ligatures joining letters of the form (cz)L1 + LI(B) or (a)Ll + LI(B) have no
standard form. In fact, either these ligatures are dropped by the writers or certain
distortions are introduced into the strokes adjacent to the L strokes. For example,
the string "be" is written either by lowering the L1 stroke of the "b" below its usual
level or by raising the Bl stroke of the "e." These two distortions are illustrated below
in the word "beast." It will be noted that the first distortion might suggest the mis-

reading "least," and the second distortion suggest "blast."

Least Jtast

The set of strokes provides us with ways of describing the degeneracies that appear
in any handwriting that is written without conscious concern for the calligraphic rules.
For example, a common instance of degeneracy is to write B strokes like A strokes.

It will be noticed that, so long as the diacritic marks are retained, a degeneracy of this

154



(XIII. SPEECH COMMUNICATION)

sort introduces no ambiguity into the reading. Thus nfn (1) is designated LlAlLl, and
nfn remains LlAlL1 + dash. However, if the diacritic marks also are dropped, a
large number of ambiguities occurs.

The purpose of an analysis of the structure of handwriting is to determine whether
or not a meaningful text is readable; the clarity of all of the individual letters is rela-
tively unimportant. It seems important, therefore, to be able to measure the readability,
or adequacy, of a given text. A text will be called adequate (it is important to keep in
mind that adequacy is always relative to some specified observer) if the observer can
convert the handwritten text into printed text (e.g., by typing), that is, into a set of
symbols constrained as described in the opening paragraphs of this report.

It is reasonable to conjecture that the readability of handwriting derives in some
way from the redundancies of written language. Some of the more obvious categories
of redundancy are:

1. Stylistic — The handwriting of a given individual appears to have idiosyncratic
characteristics that limit the size of the set of representations of a constant; that is,
the occurrence of some letter early in the text will provide the observer with some hints
concerning the shape of that particular letter when it next occurs.

2. Semantic — Usually texts carry some meaning. It is to be presumed that when
reading a text the observer will look for those interpretations of the symbols that "make
sense."

3. Grammatical — It is likely that the observer will choose the interpretation of the
symbols that makes the text grammatical.

4. Spelling — The observer might be said to have in his memory a finite set of
words, and insofar as the handwritten text supplies him with the correct word bound -
aries, he would attempt to read the symbols as correctly spelled words.

5. Interletter constraints — Since the occurrence of all letter pairs (or, in general,
n-tuples) is not equally likely (in fact, some are forbidden), the statistics of the lan-
guage, insofar as the observer has an awareness of it, will permit him to recognize
combinations of letters that he might otherwise miss. Preliminary tests, however,
indicate that the statistics of the sequence is less important than the other categories

of redundancy mentioned.
M. Eden, M. Halle
s«
D. AUTOMATIC EXTRACTION OF FUNDAMENTAL PERIOD IN SPEECH SOUNDS

Tentative schemes for the automatic extraction of the fundamental period in speech

sounds have been devised. These methods are based on the analysis of the waveform
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