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ABSTRACT

Automatic speech recognition is expected to be more successful when syn-
tectically-related information is incorporated into early stages of recogni-
tion. Phonemic decisions, in particular; are expected to be more accurate
and less ambiguous when contextusl information 1s considered. A computer
program detected about 90% of g1l boundaries between major syntactic consti-
tuents, from fall-rise fundamertal frequency (Fp) contours ir the Rainbow
Script, as read by two talkers. A procedure was devised for locating etressed
syllables, in constituents, from (a§ high~energy and increasing-Fo, portions

" near the peaks of Fg contours and (b) local increases in Fy from an arch_-

type falling contour., The procedure succeeded In locating most syllables
(83% for one talker, 98% for another) which had been percelved by listeners
- to be stressed. A recognition strategy i1s outiined for using detected syn-
tactic boundaries and stressed syllable locations in estimeting distinctive
features of some phonemes in comnected speech. Vowel and consonant recog-
nition would be attempted first in the stressed syllables. Other readily-
detected segments, such as coronal strident fricatives, would be found. A
pilot study showed that front/back decisions for vowels are, indeed, more

' reliable in stressed than in unstressed syllables,
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USE OF SYNTACTIC SEGMENTATION AND STRESSED SYLLABLE LOCATION
IN PHONEMIC RECOGNITION

Wayne A. Lea, Mark F. Medress, and Toby E. Skinner

1» Structural Aids to Phonemic Recognition

Linguistis and.perceptual arguments’ (Lea, 1972) suggest that devices
which recognize spsech will have to make use of'grammatical gtructure in
early stages of the recognition procedures. This can be accomplished; in
part, by using the prcsodic festures to segment the speech into grammatical
phrases, and to identify those syllables that are given prominence, or stress,
in the sentence structure. | o

One way in which prosodlc information, and resulting syntactic segmen-
tation and stress pattern analyses, may be used to aid distinctive features
estimation is as follows. At an early stage in recognition, one detects '
boundaries between major syntactic constituents from prospdic features.

Then, the highest-stress syllables within each constituent are located, using
reliable prosodic cues to stress. Some distinctive features are then esti-
mated within these stressed syllables, since the consonants and vowels are
expected to be more relisbly encoded in stressed syllables than in weakly
streseed or reduced syllables (Hughes, Li, and Snow, 1972). Next, the par-
tial distinctive features description is matched with generated or stored
vatterns for possible stressed syllables or words in the lex‘*con. Then a
guess as to the ward content of the constituent is made, based on the relia-
ble feature information from the stressed syllables, plqg other reliable data
within the constituent (such as presence of coronal strident fricatives, |
- etc.; cf. Medress, 1972). If reliable decisions cennot be made based on such
minimal feature information within the constituent; analyses are then appiied
,tb other words or syllables at lower stress values, and a guess based on the
.two or more moderately-stressed syllables is made. Iteration would continue
wntil all syllables are analyzed, if necessary. Each iterative guess as to
constituent identity would be combined with those for other constituents in
the sentence until a satisfactory set of hypotheses for all constituents




yielded the grammatical, mesningful sentence.

A computer program was previously implemented for detecting boundaries
between major grammatical constituents from fall-rise "valleys” in funda-
mental frequency (Fo) contours {Lea, 1972). Tt has successfully detected
80 to 90% of all predicted boundaries, for weather reports, newscasts, and
stories composed of monosyllablc words, as read by six talkers.

On the other hand, no algorithm f{or locating stressed syllables in
connected speech hﬁs previously been developed. The use of boundary de-
tections and stressed syllable locatlions in eiding distinctive features est-
imation has also not been tested. One problem in testing a stressed syllable
locator is to first establish what are properly considered a&s the actusl
stressed syllables in the speech.

Experiments have been designed to study syntactic boundaries and st:ess
patterns in the first peragraph of the well-kmown "Rainbow Passage" (Fairbanks,
1940; Lea, Medress, and Skinmner, 1972). Perception tests were conducted to
provide the standard stress decisions whereby acoustic cues to stress could be
tested.

2. Perceived Stress Patterns in the Rainbow Script

Three listeners (WAL, MFM, and TES) individually heard the Rainbow
Script as recorded by two male talkers (ASH and GWH). Following a modifi-
cation (cf. Lea, Medress, and Skinner, 1972) of the procedure used by Hughes,
Li, and Snow (1972), each listener heard clauses or sentences in the Rainbow
Script repeated at will (by rewinding and replaying a tape). The lisvener
was instructed to mark (in whatever way he chose), for each syllable, whe-
ther he heard that syllable as stressed, unstressed, or reduced. To fac-
ilitate marking for each syllable, the script was typed on a sheet of paper
with vertical slashes between syllsbles. A mark was required for esach
syllable (between two slash marks). The listener received one- such sheet;
for each talker. ‘ |

‘Each listener repeated the experiment at least twice, to establish
lisiener consistency from one time to another. Figure 1 shows resulting



"confueion" matricee of perceptions from oue trilal to the noxt., Differences
from talker to tulker were slight, so that data for both are pooled in
Flgure 1. In pgeneral, the preponderance of Judpments were on the diagonal,
showing that perceived stress levels were ccnsistent from repetition to
repetition. A third trial by iistener WAL again showed similar results.
Listeners WAL and MFM reported that they categorized as follows: "Is the
syllable stressed? If not, is it reduced? If not, (that is, for the left-
overs) it is unstressed". Listener TES used an alternate strategy whereby
reduced syllables wefe the left-over category. TFor all listeners, confu-
sions between reduced and unstressed syllables were more frequent then those
between stressed and unstressed syllables. '

Comparisons of the perceptions of one listener (WAL) with the others
are shown in Figure 2, for the first trials by each listener. Listener
TES, with his different strategy, perceived far more reduced syllables,
and far fewer stressed syllsbles than the other two listeners,

Shown in Figures 3 (for talker ASH) and 4 (for talker GWH) are the
syllable~by-syllable perceptions of stress levels. The majority decisions
of all three trials by listener WAL were combined with those of the first
trisls by listeners MFM and TES, to yield overall impressions of the rela-
tive stressedness of each syllable. Plotted for sach cf the syllables in
the Rainbow Script are the number of stressed judgments minus the number of
reduced judgments, for the three listeners. Unstressed judgments were
assigned values of zero. Cases where the reduced judgment of listener TES
cancelled a stressed judgment By another listener are shown by double-
ended arrows ($). For example, in the syllable sun, all three listeners
heard it as stressed, so that a value of +3 was plotted; if two perceived
a syllable as rzduced, and the other perceived it as unstresssd, (such as
with -sion in the second sentence), a value of -2 resulted. The syllables
which were most definitely stressed (i.e., perceived by all listeners as
stressed) thus were at the top of the scale; those definitely perceived
as reduced were at the bottom of the scale. (Also shown on Figures 3 and
L are lines separating grammatical constituents, and boxes and circles
.surrounding verious stressed syllables, to be explained in sections 3 and

k)



3.. Boundary Detection Results

A hend analysis was done on the F contours of the Rainbow Script,
strictly following the algorithm for detecting boundaries between major
syntectic constituents, but incorporating a few slight refinements for
eliminating some false boundary detections. The detected boundaries are
marked in Figures 3 and 4 by lines between the printed syllebles they sep-
arate, As might be expected from previous studies (Lea, 1972), most (864
for ASH, 92% for GWH¥) of all boundaries between major syntactic consti-
tuents, as predicted by &n independent syntactic analysis, were cbrrectly
detected (but not located). Six bounderies between minor syntactic constitu-
ents were also detected in {he data for telker GWH. One "false" (syntac-

tleally unrelated) boundary detection was obteined at & consonant-vowel

transition for ASH, and two for GWH.

Figure 5 shows how many stressed syllsbles occurred in the detected
constituents, for each talker, In only *two of the detected constituents,
for each talker, did no stressed syllable occur. These resulted from im-
properly placed or "false" boundaries. On the other hand, well over half of
the constituents had exactly one stressed syllable.in them. In a sonse, the
constituent boundaery program may then be saild to be detecting some of the
stressed syllables (but not all), If each conastituent had exmctly one lex—
ical word with & major-stressed syllable within it (Chomsky, 1965; Emonds,
1970), wé might expect constituent detectlons to be thus closely associated
with the presence of stressed syllables.

It would appear that ths boundary aetection program could be used to
detect many stressed syliables. To locate the stressed syllable or syllables
within each constituent, further techniques were needed.

. 4s Stressed Syllable Location

Many studies have shoun that peak F_, local increases in F_ (Bolinger,
1958), and energy integrals {(Medress, Sklnner, and Auderson, 1971) are
among the best acoustic correlates of stress, at least in isolated words.
Intonation studies (Armstrong and Ward, 1926) have shown that, in connected
texts, ¥  peaks neer. the first stressed syllable (the so-called "HEAD") of

each breath group, and falls gradually wntil the last stressed syllable,

3
These scorss neglect Noun Phrase - Verbal boundaries, which. previous studies
(Lea, 1971; 1972§ had shown are not reliably manifested.
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after which mny occur the rapid fall of an utterance~final "TUNE I" nontour
or the rise in F_ at the end of "TUNE II" contours (which mark "incompletion"), .

These concepts were incorporated in an algorithm for stressed éylla-
ble location. In the algorithm, it was assumed that each major constituent
‘would have a TUNE I or4II contour, that the psak Fo would be near the first
stresced syliable in the constituent, that the first stressed syllable
("HEAD") could be located by high-energy and rising-F_ portions (bounded.
by dips in speech intensity at syllable 1limits). Other stressed syllables in
the constituent are assumed to be manifested by deviations in Fo above an arche-
type line (a straight line on a semi-log plot) from the F, pesk to the F_ value
at tho end of the constituent. Again, such stressed syllables are delimited by
decreases in energy. ‘ : '

The results of such algorithmic locations of stressed syllables were
compared with the perceptions of stress. For talker ASH, 29 of the 33 de-
tectod HEADS had been perceived as stressed by two or three listeners
(that is, had a Stress Score SS = +2 or +3), and two other detected HEADS
.were perceived as stressed by two listeners, yet reduced by listener TES,
One false HEAD, due to a false boundary detection, was not perceived as
stressed by any listener. Ten other syllables :flth SS = +2 or +3 were alsc
found by the stressed syllable locator program, while eight were missed.
Thus, for talker ASH, 83% of all syllables with SS = +2 or +3 were located,
while three syllables {7% of all located syllables) perceived as stressed
by two listeners, but rzduced by the other, were detected, and five lo-
cated syllables (10% of all located syllables) were not perceived as stressed
by at least two listeners (SS <+1).

For talker GWH, 98% of all stressed (SS = +2 or +3) syllables wera
located by the algorithm, with one miss on & syllable of SS = +2, plus six
felse alarms (with no more than one-listener perceiving the syllable as
stressed). Three syllables perceived as stressed by two listeners, but re-
duced by TES, were also located.

-Figures 3 and 4 illustrate these results in more detail. The stress
score for each HEAD which was :orrectly detected has been boxed in ([2);
 vwhile every other (non-HEAD) syllable located by the algorithm is marked by
a triangle & around the. stress score for that syllable. It is important to




realize that the stressed syllables enclosed by the squares and triangles in

Figure 3 and 4 were not always the 6nlx data included within the high-energy

speech portions as located by the algorithm. Extended voiced sequences, and
especially sonorant sequences, may have no significant energy dips, so that

sequences such as —-orizon and boiling may be included in the located "stressed
syllables". In fact, three cases (long round, one end, and mgn looks) are
shown in Figure 4 where, because of no substantial energy dips between sylla-
bles, more than one stressed syllable was included in the HEAD. Such sylla-
bles could be considered located, even though they are not separated from a
neighboring stressed syllable, since they still would be included in the data
processed by the strategy which estimates distinctive features within the
located stressed "syllables'. :

Thus, the large majority of stressed syllables and major syntactic
boundaries were correctly established by the two algorithms based on prosodic
patterns. ‘

5. Applications to Distinctive Features Estimation
A pilot study of the differences in the effectiveness of distinctive

features estimation in stressed (SS = +2 or +3) versus unstressed (SS = -J,'
0 or +1) syllables was underﬁaken, for the date of talker GWH. For each of
the 40 stressed and 23 unstressed syllables (excluding ones with the diph-
thongs al or oI), the center position of the energy maximum was determnined,
Theh a program for identifying vhether a vowel was front or back was applied
to the three time segments centered at this position, and the majority vote
of the three frame decisions wes teken as the front/back identity of the
vowel. We may define the error rate as the percentage of such majority de-
cisions that were front for phonemically bggg vowels, or vice versa. The
error rate was 22% for the unstressed vowels and 8% for the stressed ones,
indicating that front/back decisions were more likely to be in error in

" unstressed ‘than in stressed vowels.

This 1is oniy one -indication of the differences expected in distinctive
features estimation wlthin stressed versus unstressed syllables.® Success in
identifying obstruents is expected to be better within stressed syll&bleé,
and other vowel festures (such as the distinction between'high and low vowels)
will undoubtedly be affected. The strategy of distinctive features estima-



tion is thus expected to be different, dspending upon whether the syilable is

stressed or unstressed.

The better astrategies for distinctive features estimation are expected to
be substantially aided by the automatic detection of syntactic boundaries and
the location of stressed syllebles, as described in this paper, In addition,
boundaries and stressed syllable information may be useful in syntactic pars-.
ing and other aspects of speech recognition.
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Figure 1. Perceived stress levels from repetition to repetition, with resulis
for both talkers pooled. (a) Listener WAL; (b) Listener MEM; (o) Listener TES.
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Figure 2, Percelved stress levels for one listener versus the other listeners,
with results for both talkers pooled. (s) Listener WAL versus listensr MFM;
() listener WAL versus listener TES. :
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Three cases are shown where two syllables (e.g.,

Same as Figure 3, but for talker GUH.

See texta

were included within a singie HEAD by the stressed syllable locator.
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Figure 5. Frequencies of Occurrences of Perceived Stressed (SS = +2 or +3)
Syllables within Detected Constituents of the Rainbow Seript.

11



