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ABSTRACT

An algerithz for inferring “he sentence SLructure
ef conversstionmal spesch using Frosodie information

is presented. The funcamentsl freguency (FO)
sontour shape, whizh iz the major prosocdic
information parameter that best represents the

structure of a2 s3poken sentence, is analvzed in
detail Dby means of FO shape approximation with a
igugnce  of linear lines. Frem such an analysis,
soundaries  betwsen  grammatieal units  can  be
detected. In asddition, the relation between these
grammatical wunits can be inferred by reffering to
natural conversational speech styles. Structural
hypothesis inference capabilities are investigated
to determine the syntactic and semantic structure of
a sentence through computer simulatian experiments.

INTRODUCTION

The development of a system  ezpable of
understanding spoken language is a highly desirable
ebjective because speaking is the most natural form
of communication.

In oral eommunication, there are no spoken
equivalents for commas ¢r periods, and speakers are
aften almost indifferent te grammatisal regulations.
This means that, in oral communication, a wide range
of sentence types must be dealt with, some of which
‘w2 incorrect or ambigucus. Thus, to develop an

<fective oral communicatien system for computers,
it is necessary to develop technology that will
overcome this proablem.

It is wital to understand the process by which
human beings comprehend spoken  language and the
me#chanism they use to transfer information by spaech

(011, 21, [%], [5]). Human speech comprehension
appears o mainly involve making use of prosadic
Iinformation for syntactic structural analysis and
phonetic information for semantic content analysis,

Consequently, it i= essential to utilize frosedic
features to  formulate preliminary syntactical
structure hypotheses ta attain computer
understanding of conversational speech ([6]),

An algorithn for formulating structural
hypotheses us=zing proscdie infermation iz proposed
here, Additionally, several capabilities of the
algorithm are evaluated by performanee analyses of
computer simulstion eiperiments.

BASIC APPROACH

Prosedie Informstion is composed of 2 fundamenmtal
frequency(F0), spesch power, and shyihm (or speed),
These [actars relszte o each gther under constraints
of grammar, expiratisn (breath}, emphasis, ematicn
and 30 an. Among them, the FO contour shape i3 af
particular note, it is composed of phrase
companents and  accent components{Z2], Thus, the
structure of a3 spoken sentense can he inferred by
extracting parase components frem superimposed FQ
contour shapes,

An  algerithm for the automstic approximation of
FO shapes with & set of straight lines is essential

to realize relisble F0 shape anelyses. Based on
such  analyses, An  algorithm  that formulates
structural hypotheses can be developed. The general

functional conflguration that is used to implement
the algerithm fs5 shown in Fig.1. In order to
develop practical procedures, a medel of
conversation 415 defined and amctual spoken sentences
in the model are analyzed.

EXPERIMENTAL PROCEDURE FOR STRUCTURAL ANALYSES

Conversation Model

For the conversaticon model, the tasks of a FEX
telephone  operator are utilized. The operator
understands what the upzep zays. The speech in this
esnversatlon model 1s composed of three kinds of
sentences (with abbreviations in the parentheses) .
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(11 Gresting senience [({Zreeil) — 4 greeting is a
cypicsl cpening sentence, but it is zprional.
2) Cailer declaration sentence {(caller?) - He

angd/or
zaller declaration

[<ealleraam?)

The

may dmplare RI3 oWwn name
company name (czallerdeg»l.
sentence 13 2132 optional.
(33 €allee declaration ({oalles>) == A
deslaration of the <callee's name ({calleenamr} is
indispenszable in order [or the oparater to make the
connestian, A declaration af the callee's pame may
semetimes be accompanied by the department name
(¢calleedepr) or extension number ({calleetel’}.

sentence

The incoming speech is preocessed as follows:

(1) A/D converszion(i2 bit) sampled at 12kHz,

{2} Pheonetic [feature extreectieom @ LPC anelysis —
1Z-order autocorrelation coelficients and resizsual
pawer With a g0 =sec Hanning wingdow in a 7.7 oses
sten,

(3 Prosodic feature exiraction :
frecuency calculation with a
window in a 7.5 msec step.

In order to gbtain improvements in the accurracy

the F0 calculation, each FU value is econfirmed
ng =peech powWer and normalized residual power.
Furthermore, bY checking the FO continuity, scome
ad justment of FO value is performed,

Presodic Information Ixtraction
F
1

Fundamental
30 msec rectangular

af

Histogram of Fundamerntal Freguengy

ks the range of FO wvarys depending on  the
apeaker, an FO histogram is necessary to decide the
personalized threshold of the FO baseline (Fmin).
Om this basls, the system detects the and of a
sentence by cheeking the tail end of the F0 contour.
The tail end, where FO is close to Fmin, ususlly
represents the end of the sentence, The threshold
{Fe) for detecting the low FO area should be decided
from the distribution af the FO hiatopram, However,
at this stage, Fe 1z set ecxperimentally at 10% zbove
Fmin.

Eoundary Detection
The Boundaries

between the grammatical units of
incoming speech are detected flraz, Then, by
analyzing the shape of the FJ eontour, these
grasmatical units are e¢lassified into several
2gories corresponding %o the style of speech.
Fur effective FO contour amalysis, the FO contour
shape 15 approximated by a seguence of straight
lines,
[1) Boundary candidate detection

In general, pause in speech is 8 reliable incdex
far obtaining candidates for boundariss betuesn
grammatical unikts. Experimentally, the length af

the pause can be set at I00mzec,
Toe c¢confirm that a boundary candidate is metually
the end of a sentence, the FO value {5 compared with

the Fe at the boundary. To more accurately confirm
the end of a sentence, ths amount the FO value
subsequently increases is examined {(the threshold of
incresse i3 set at arcund 50Hz). This is because
the start of the next sentence will show a rise in
the FO.

(2} FO contowr approximation

For detailed analyses af FO contour shapes, “he
FO eontour is approximated by a sequence of stralghs

lines, This approximation iz performed betWeen the
boundaries, The approximation algorithm procedure

e

£

i85 as Igllows:

(a) Approxizate
endpaints,
Calzulate the total srror between the actual FO
value and the approximatien linme,

Wwith a straight line betwesn the

(=]
b

(e} ZIf the t3tal error is less than the threshold,
e.g. 1.0 Hz/msee, go te {(f}. If not, contisue on,

(¢} Find the point where there i3 the largess
differencs betwesn the Fi value and the
appreximation line,

(e} Make & new approximation line between the
starting point and the point feund in (4). Then, go

back to (b},

(f) Heset the starsing point to be at the point
where the lgzst aspproximatisn line cbtainee inm {c)
woded, IT all el the area between the original

2nCp2ints has oot yet besn processsd, go back to {a)
to eontinue Lhe appraximation,
[3) Boundary classificatiaon
The boundaries between grammatical units cap he
elassified inte the fellewing categories:

(a) Starting point of serntence : [s],
(b} Ending point of sentence ; [e],
(e} Complex sentence boundary : [e].

A spoken sentencs 13 not so grammaticsl that the
definition of each categories is net rigorous. For
example, the tail end of a long modifying phrase o
be regarded as szame as the complexr sentence
baundary . !

The claszification of boundaries is performed by
comparing the F0 approximation line with the FO
contour reference pettern for [e] (for the end of a
sentence) and [e] (for a complex sentence boundary),
as shown in Fig.2(a) =nd Fig.2(b}, respectively,

A= each type of boundary has its own struccural
meanings, +the grammatical unit betwesn boundaries
ecarrys some meaning corresponding to the style of
speech. The possible speech styles are 23 follows:
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Fig.2 Reference patterns for FO contours at
syntactie boundarvs &f speech.



(a)} Isclazed unit : [SZ] ([sI-[el],

(B} Clesimg umit that follows ancther unit :
[cE] ([el=[el),

() Starzing wit that is followed by
another unit @ [2C) ([s]-fel},

(d) Unit That follows another uni:t and alss is
fellowed by another unmib @ [CC] ([el=(cl).

Structurzl Analvsis
The =yntax rules for written styles in PBY Sasks
can De represented as follows:
f3enty == dzentid;<{=enil?didsentid:csentis,
csent iy ==3 Cgreet> {caller>,{callesr,
Cgentdd == Cgrest), {oallesd,
<Sentir —> <gallerr,<calles>,
£58mi il =3 foplleald
Ceellery == {callerir:<callari>,
$calleri> ==> {callerdepr,<callernam>.
foaller?d» ==» <pallernam>,
<zallesr ==> {zalleeil;j{oalleeld:-coalleelr.
¢ealleel? —> (zalleedepd,<calleenam?.
{ocalleedy —» <{ecalleetell, <{pallesnam?,
“calleei’ == <callesnam>,
Frem these rules, 18 written styles {571=-518) can
generated, ri  the other hand, there i3 some
lation between written style (like <greetd) and
speech style (like [SE]) as follows:
[3E] includes Cgreet>,<calleel’,{calles?’, ccallee3>,
[CE] includes {calleel>,<callee?>,{calleeds.
[5C] includes <calleedepy, {calleetel},fcallerly,
feallerdep>,<callernam>,
icc] ineludes <calleedep’,<callesteld,ceallernamy,
These come frem the naturalness of speech. 4
fgreet}, for example, spoken in [3¢] style, which is
Supposed to be followed by another unit, is an
intentionally artificial expression. Thus, it will
not  appear . in natural conversational speech,
Furthermore, there are seversl constraints on the
sequences of speech styles. They are as follows:
[5E] can be followed by [SE] ar [8C],
LCE] ean be followed by [SE] or [sc],
[5C] can be followsd by [CE] or [CC],
LCC] can be followed by [CE] ar [CC], and,
speech can start with [32] or [5C],
Speech can end with [5E] er [CEL.
From these constraints, the possible seguences of
cneech styles are as follows (the digit at the end
! the line represents the number of the
sorresponding written style in the list of 51=518):

(E1) [8E] oeiiiriinnn.. P
(t2) [5E,5E] wevunencunns 3
{£3) [SC,CE] tuivevinnnnea B
(t4) [SE,SC,CE] ..uvuccea ]
(t5) [SE,SC,CC,CE] vvuuew T
(t6) [3C,3E,6C,CE7 vuvunn 2
(tT} [SE,SC,CC,C0C,CE) ... 2

Considering that a sequence of speech styles can
be obtained by the boundary detection mentioned
abave, the hypotheses on the possible written styles
can be limited to at mest 8, down from 18 (51=318).

Exprezsion Anzlyais
Zased om  the
structural spalyses,

can be perforoed.

hypatheses opbtained from  the

accurate expression analyses
A typical expression analys=is,
that of an idiomatic expressien or fixed sentence
form, ecan be accomplished by comparing the FO
contour with the template shape.

The expression  inferred im  this Wav ean  be

confirmed by checking it with pnonetic information.
A t¥pizal Japanese grestinmg, e.z. CHAYCU GOTAIMASD,
usually has an F0 contour shaped like g [He]
character, l.e. a shert rising 70 followed by a
Scnewnat long tail for the FO parase component. A:
the tail sne af <he phrase, a8 fricative sound eyists
because the [inal vewel, /u/, i= usually unvelced,

Fer maore detailed expression analyses, a word
diztisnary with prosodic information is necessary.
Each word has its own FO shape for the ascent
component,  Conseguently, boundary candidates aof
words can be sbtained by inferring their accent
COmpOnents Irom a superimpaosed  FO and censulting
with a presedic diztionary., FHegarding expression
anzlyses, more research is required,

EXPEIRIMENTAL BESULTS
Several basic cepspilities of the algorithm are
Ltesied by periorzance anzlyzes af ecomputer
simulation  experiments with several minutes of
conversational spesch by three spegkers({KK, YK, and
EQ).

A typical process  sequence  for Lructural
analysis of speech is =hown in Fig.3. In this
example, the sequence ([SE,5C,CE]Y of the speach
style i3 ebtained by detecting the complex sentence
boundary [el. In addition, 8 possible written
styles are inferred, In every poszible case, the
leading speech style ([S5E]} 1is assigned to the
greeting (<grestr).

_:::“"lﬁ e ““‘::."Hl_—gn nll..- SPE":H'
A
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2 5l [ 3 : | Speetrus analysis
L { L d Sent:m:: huunr]a.rj'
[3]  [eil] [a] {e0] detection
J F@ contour approxi-
\‘F\“' W zation with lines
Detection of a com=
L { I {  plex ssnptence bound-
[3] [e1] [a] [e] {803 ary [el
[3E] [sc] [CE] Epesch style asgquencze
{greetd ——<callerdep =——<calleedep
callernan® zallesmam>
l=dzallestel
czlleenamr
—«{ealleenanr
— fcallernas) —— deplleedep  Sentence  sTructure
calleenan» inlerence
—<callestal
cel.eenasy
—<ealleenam?
L {zallesdepr =—<calleenam>

{calleeveir — qonllennam>

Fig.3 An illustrative example of experimental
results from stroctural analysisz,
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In expression amalysis, <greet) iz econfirmed by
comparing an FO contour shape with reference pattern
and fricative sound at the tail end.

fegarding the detection of sentence tail end
([el), the experimental data in Fig.4 shows the high
possibility of accurate sentence tail end detectisn,

The furction of decline and the periocd of the FO
approximation  line are used to distinguish sentence
tail end from the others. In this experiment, bhree
phrase  tail ends are incorrectly detected as
sentencee tail ends,

Regarding the boundary detection of complex

senteénce or leng medifying phrases, Lthe experimental
cata of Fig.5 alsc shows the high prababllity of

relliacle segcaration. In the experiment, it ig elear
tnat the bouncary candidates can be classified using
the dillerences in FC walues for acjacent loecal
Sinimum guantities and local mazimum cnes, EHowevar,
irn order ta cover wider varigtions of expressions, a

mere complizated discriminatiom funesion may ke
required,

Tha capability of 4the structural hypathesis
inference depends on the ability ef the Doundary
detection, wWwhich i3 accursce a3 shows abave. The
speech style seguences of 16 spesches {out of 19
speeches) are inferred ceorrestly (speakes:3¥Y.

Three mistakens come from three imcorrect detectisn
of sentence Sails.

The same experiments zre repested on another
speakers, and zlmost the sasme level of accurgey la
ohtained,

CONCLUSION

This  paper has discussed prosodiec pids ta
Structural anzlysis of conversational speech., An
algoritha for inferring the zentence strypsturs of

spesch  has  been proposed. This algorithm is based
en  the FO contour analysis using the lines-
gpproxXimation line. Saveral basiec capabilities
Ehe algorithm are tested by performance analysis or
computer simulatisn  experiments, The experimental
results show that the algorithm is applicable ts
strustural analysis of conversational speech,

The research work reported in  this paper was
partially supported by ICOT (Insubitute for Mew
Generation Computer Technology).
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