ICOT Technical Memorandum: TM-0733

[ %1-0733

Prosodical Sentence Structure Inference
for Natural Conversational Speech
Understanding

by
A Komatsu, F. Ochira & A. Ichikawa

June, [Uxl

1989 1COT

Ailg lokosa Bl 291F (3] 45=2191 -5

" :D | 4-24 Mita 1-Chome Telex ICOT ]32964
Minate ku Tolkvo 108 Japan

Institute for New Generation Computer féchnology



PROSGDICAL SENTENCE STRUCTURE INFERENCE
FOR NATURAL CORVERSATIONAL SPEECH UNDERSTANDING

AKLD ROMATSL, EIJL QOHTRA, AND AKLRA TCHIKAWA

Central Besearch Laboratory, Hitachi, Ltd,
Sokubunii. Tokvo 185, JAVAN

ABSTRACT
In  wrder to  dewelep a  sysles  capable  of
pnderstanding natural  cunversational speech, along

wlth Lthe currest developaests in  bochaolegy  for
phonetic information procossing, 2 technalagy must
ba deweloped that will wtilize prosodic inforsation
uf matural speech,

ke propose hore an alegerithe for generating &
stands  for  Lhe
relatienships hetwnen plrases, based on analysfs of

parsing  tree  that semantical
fumlasental froquency contour palbierns.

The fessibility and wvalidity of our algerithm are
confirmad by cosputer simuletion cxperiments. The
capability af structure
inference is confirmed uwsing natural Japanesa specch,

prosadical st tence
Also, we confireed that our algerithe is speaker
indapendent  and  task  independent. Furtheraore, 1t
is wconfirmcd that the algerithe is applicakle to

gnother language, by eaperisents  using  Fnglish
speech,
IHTRODUCTION
The devel npuent of a systam capab le of

understanding spoken lanpuage iz a highly desirable
ehjective, hecouse oral commynication Lls the mosl
matural form of communication. PFurthorsore, it can
convey more  inlarmalicn, HSuch as nuances, emation
or inkention, than veitten communication.

¥hen amalyring natural comversational sposrh, &L
hecemes:  clear  that  cosprehenszion  mainly  invelves
the use of prasadic structural
analyein, and Lhe use of phonetic infTormdbion for
content analysiz. Thus, aleng with the curronl
dewnlopments  in technelagy for phonstic informatien
processing, a techrology oust he  developed  that
will utilise sroscdic infermation of matural speesh.

Numerous studies show the importance of prosody

iuformation for

in human speech perceptlon. Howewnr, wnly a feu
sYELARA uHe pradoedie information for sprach
wndeestanding (F11, [21, (3], 141, (8], [91). Im
these Ssystems,
identity houndaries between grameatical units. or
is incorporated inte @& weighting of a distance
paramabar fo improve recognitioen scorfe o to prunc
recapnition candidates. Anyhne,
important aspects of prosedy have nat yat brern
Felly utilized at a higher level of processing

{e.g. suprasegmental lavel).

prosadic  infermation is uscd to

irrelevant

Here wi  prepose an algerithe fer gescrabine  a

parsing e that stands Faag= the semantical
relatlonships belueen phrase unlts {elause, phraan,
word or somo other unit), based on analysils of
fundamental frequency

cun Lour pattarns and

inferpnce of phrase components,

RASIC APPROACH

The basic approachk of a ecapverantionnl  speech
understanding system which is composed of prosedic,
phometic,  and  linguistic  Inforsation  processing
units is shown in Fig. . These uonits, which share
a coemnon knowledge base and cossunicate with each
othar, parfors  thelr own datn  processing, in a
cooparativn prables sulving framewerk {[7]).

bs cach wunlt eon be an independent koo ledee
speratable  in A paraliel
environment., a soguence of usderstanding proceshes
is essentially nomlelerwinistic, or data driven. A
typical processing sequence may be as Tellews: From

souroe, computational

prosodical analysis, a synlactic and/fer sesantical
inferred. Hy  linguistic procossing,
ward hypotheses ecan b ebtuined Erom srructural

sEructure  is

inlerence, and spaech can be understoed as a seb of
kay words ohtained by word spotting in the phenetie
processing unit.

OVERYIFY OF PRUSUDICAL STRUCTURE TNFERENCE

The structure aof # spoken senktence comprises not
anly synlachkical strusture, but alse sgemantical and
emotional stracture. Te understand this structure,
prosody suprasegmented cuwes.  Fundamental
froquency (F0) contour iz one of the mest important

prresy .Jil!!
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prosodic parameters. Therefore, by analyzing the FO
contowr pattern, bthe strectore of a spoken sentence
can be inferrved, and the inferred structure can be
repreacnted  as a parsing kree. The  proceas  of
prosedical sentemce struclure lnferance is compossd

of boundary detection and strueture inferance,

Boundary Detection
Fram the FO
boundiries  in a

eonbour, fhe
spuken

likely area of
senlence 1s relabtively
unarbiguous, MNewever, In oral comeunication, there
are no  spoken cquivalenis lor commas er  periods,
and speakers are aften  almost indifferant to
grammalical rules, Thercofoare, the classification of
the unit bebveen tvo boundaries inle a grammatical
enit. such as a sentence, clouse, phrase or woerd,
i Lhe gromsalical  sense of  sritten Langoage, 15
amb jguous,

inclnde  thae
tdentification of grammatical wnits, bBut dees
imelade  the segmentation of econtinuows  spesch  inta

a number of wnits [ flater called "phrase units™)

Thus, boundary deleclion does  not

shich ropresent  some peaningful wnit in & spoken
senlbence,

Rounilery detection analysis in gimilar Lta

worphelogic analysis in nabLural language

understanding.

Structure Inference

Thore  should  be  a  sodal  for censtrecling A
atructurs for phrase units, For this purpese, we
intreduce  a ceonrection rate between  two  adjacent
phrase wunits. and develop a rule for constructing
phrase wnits inta hinrarchical structoren, which can
e represented as a parsing tree.

Srructural infercnce is similar to syntactic and/
analysis in language

ur semantic natural

undarstanding,

LEPERTMENTAL PROCELURE FOK STRUCTURAL INFERENCE
funntinnal econfiguatian  ussd te
algerithe  of
infersnce is shown jn Fig, 2,

The  gueneral

implement the prosedical  structural

r.l::lll\'l'!r‘ﬁu'l Li{!ll HndEl

In order te develop practical procedures, a model
of conversation lis tentatively based on the tasks
of a FBX  telephone  oparalor {the  opsralor
understands  what the wser asys, and connects the
extention telephone line te the specitied person),
and actual speech  sentences  in the model  are
analyzed.

Prosodical Information Extroction
The LIncoming speech is processed as follows:
{1} &/ ronversion {17 hit) sampled nt 17kHz,
(2]  Prosedic feature extraction:
frequency  calculstion with & 60 wsec rectangular
window in a 20 msec atep.

Fundamental

Tei arder Le nope with erromneecus pltch detectisn,
vindow size is set wider than in phonetic featurse
extraction (40 wace) , amd  each FOQ value s

- 2

normalized
checking FOD

sprech  power  and
Furtheremore, by

confirmed  using
residual  power.
continuity, some adjustment of FO value is porforsed.

Boundary Detection

phrase unitas of
incoming apesch are detected as the local minioum
points  of an  FO  contour pattern. Trrelevact
boundaries are prumed by skipping the boundaries
after short speech and those at small gap of the FJ
coptour, becawse these boundaries are probably
these of stressed syllables vithin wvords,

Phrese units  surreunded By delected
may be sentences, clauses, phrasns, werda and in
detected

actual

The boundaries betwesn the

boundaries

parts of  words, The
differ from the
boundsry position by a few syllables. (This type of
difference wlll be abscorbed by a word
mechaniso, not described in bthis papec).

some  Instances,
Loundary position may

spotting

Line Approximation of F Contour

FO contour pattern of phrase unit is represented
ags a single approximaete straight line which has the
least cumulative difference between it snd sctual
Fl wvalues. Thus, this line is uwswally & deslining
line, and 1its slope may represent the phrose
component of speech.

Qualitative Analysis of Jonnection Rate

Connection rate between conseculive phrase  units
i B ] IJtI'I'JI]IJ!:HI:I a5 el mesA SIrer :rF
relationship bBetwveen phrase wnits in a semaniical
sonse rather tham in & syntactical or grammatical

slrenglh  of  Lhe

sense, Several parameters contribote te setting the
wvalue of the connection rale, as lolows:

(L} Gap of K0 --- When the gap in the FI wvalus,
botweon the tail of the leading uwnit and the head
of  the Jlollowipg wunit, is Dbig, o nes
component can be implied, and the connection rate

Plhirase

should be smali.
(?) Length of leading wnit
umit is short, it may be o word or 4 part ol a4 woed,

¥hen the leading

and the conmection rate should be large.
(1) Declining slope === When the declining slope
of the approximalion liee of the unit is steep, it
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L

Sentence Structure

Fig. 2 Experimental Proeedure for Prosadical Inference



may not  represent  a  phrase  component, but  way
represent an accont cowponcnt wilhin a phrase, and
the connection rate should be lappe.

Nefinitivn_of Copnection Hale

The ware paramelers and rules wzed Lo define tha
conmection cate, the greater acouracy af the rate
obtained in a wider wvariety of spesch, bHere,  the
connection rate Ri(A,08), at the peint i, between

twe consecutive phrase units, A ond By in defined
ps Follews (Fig. 37 @

By (A B) = by v d ¢ Wy el e (
wliere,
d 7 deeline slope of approximation line [Ho/Sec)
1 & length of phrase unit {Sec)
£ o gpap of fundamental frequency [_H..‘.:l

‘d' hl' ig r weighting corctlicients,

The wversatile weighting ecoetficients should be
decided haaad on The
ronversational sentences spoken by nany Perscns.
However, here, wro decide the welghting cocfficients
based on enly one speech ewswple { of one male
gpraker) . By analyzing the FU conteur pattern of 4
sample speech, the relationship between welghting
coefficients pan be doduced haszed on 8 nusber of
canalraints, to generate the proper parsing tree of

analyses af nany

the learning specch  senlensce. The wvalue of  the
weighting ceefficients will be act to satisfy these
relationships ([T1).

Veighting conflicients deelded in Lhis heuristic
panner are applicable ton a wvariety of speech, as
will be shown later from experimental resolis. Thus,
it may be said that Lhe  peneral suprasegmeniel
feateres of prosody will be glebal, Tharelere. &
Faw  essontial oF typieal dala can  represent the
characteristica of Llese features,

Parsing Tree Generation

& parsing tree of a uspoken sontence is obtalned
by comparing comnention rates, and combining phrass
units in accordance with the rates. Using a push
down stack, input speken  sestences  are  procossod
progreasively, based on  se -ealled left to right
sarsing. and & parsing Lres is generated (Fig.d).

A few phrase unit Px as input spesch, is conparad
with the phrose eeits (Pi=1 and PL} in the =lack,
and the twa connection rates, RiPi-1,Pi) and REPL,Px)
are caloulated,

C
=
P
o
i g
28
EE phrase A phraze B 1
t [sec] ™

RiCAD) = Wy+d + Wp=1 ¢ ¥V +g
¥i.¥1.¥; © weighting cwefficients
d : decline of approximatisn line (Ha/Sec)
1 : length of specch (Sec)
£ : gap of Tundasental frequencies (Hz)

Fig, 3 Definition of connection rate(L7]).

When the preceding connenction rate is  greater
than the followipg connestion rate, 1t means that
relationship betwnan the tee preceding phrase uniks
(Pi-1 and Pi) in stack 1s sbtronger than that
between the eurrent and preceding units (Px and Fil.
Thus, inm this case, the ivoe phrase units in the
sback are peppad and combioed inte a nes  phrase
unit which is put at the top of the stack, When the
procedlng  connection rate 1s  smaller, the phrasn
unit  (Fx)} is sisply pushed inte the sleck. The
combining precesi is posLpoped until bhe cannacl ian
rate botwenn teo phrase wnits is greater thau that
bebusen twe succeading ones,

4t the end af Lhe inpet speech, the phrase unils
remgining in the stack is analyrrd and popped In
accardance will the connectien rate,

EXPERIMENTAL RESULTS

performed
using actual speech ond several hinds ef sentencas
(Fip. o).

Speach Lo which the sentensr ix the same as &

Compuler simelation experiments  ace

ganple  apecch  sentence  for  weighting eanflicient
learaing, but of a different kind, is asvalyzed asd
a proper parsing troe is obtoined (Fig. Sa) :
[nhayougaeainas (Gued morning) .
L[ [ehuuke® (Cent  res, lab), B-bu(Bth dap.)],
komatzudesuga (Komatsn) ],
[h=tus (Bt do,t, suzukionegai(Sureki pleasc)]]]

For spoech in which the same sentence ic spoken
by apolher speaker (male), the same parsing tree is
obtatned., From anether sontence in the PBY task, a4
repsonsble parsing troe is oblained (Fip, Bb).

few phrase unir Fa

o ___ftw::l‘. new
- 1. FPhrase .
P
Cunnection rate caleulation
T ——
il Ik 2 T P —
Ri=l iR
i
RT_‘-].'-.-;‘HH-.‘?- 1‘{:-“ ; T Pw ]
thﬁ
Tush
;
I }
Pi-l  Pi Px | Pi-2  [Pi-1, Pil | Px
= -

Fig. 1 5Steps to generate parsing tree



4z ambipuous sprech sentences.

[niwaniwalin garden). niwatori gairulhen iayl, and
[nisaltwa)}, [niwaniwafin garden), tori galrufbird is)]]
are discriminated as a diferent parsing tree{Fig.b5ec).

Furthermore, simulation experimenls are
porformed for Fnglish speech spoken by native male
speaker, and a suitsble pacsing tren is  oblained
(Fig. 5d} :

[CCThe Teasibility and], [[validity],[of our algorithe]]],

[Tare confirmesd byl,[[ronputer simslation], [eaper isents]110.

computer

COSCEES TON

This [ discusand prosadical sentence
strunture inference of natural coenversational speech,
' provosed  an algoritha Tar
structure af a  seeken  sentence.  This
parsing  tree that atands  for &
rodal tonship rhrases. The
feasibility and  walldity of eor slgoriths  wvere
ponfirmed by comsuter simulatien expariments using
acteal spuken scntences, We alse conlirend Lhat our
speaker indepandant and tosk

Furtharmore, it was conflrmed that tha

inferring the
plgorithn
Eeneraltes O

aemantieal batwean

algsriths 15
linjopendent,
algarithw iz applicable tu anobher Language!fnglish,
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(4) Sample speech which has the same scatence structure
a5 learnen apeech,

H
|
shizaika [ l'ina Htou unu[al
nalseN shimazg

12 Kz
. .f u‘i\f\ ,\/k
& L

T 1 L [seel”

(b) Sample: speech in POX task,

L1 Ll

niwani va riva torigndieu
niwatorigairy nivaniva

i
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(d) Sample spasch in English,

Fig. 5 Examples of parsing trea of spesches by prosadicsl
sentence structure infernce([T]),



