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ABSTRACT

To exiencl elemenis of prossdie festures which relae o
speakers’ mientiona] control is required for speech information
precaising, Spesch rals vanaticn should be a “eautins gignal® 1o
call Hicemews' sitestion strongly To express and detect such
"gaunion sagnals®, we have proposed a oew speech rate meodal.
This mvodel inteoduces o kiads of Fores 4o contral the spesch
rele. Ohoe is a dnving foroe whick cagses o global tepdenoy of
speech rale vansion, aod the other is damming foroe with
speakery voluntary comtrol. The proposed model have besn
appied to several spomiancous codverastional epeech which we
have sew |y meconded, A global temdency of speech rabe has bedn
xpressed spproprigiely. In sevearal cages, the imentionsl rabe
varlalians have bean expressed approprisialy.

1 INTRODUCTION

Recognitica snd  understanding  of the paralingaistic
Infirmankan( 1] are the mmpoant subpects for spesch mbormatlon
procesiing Pandipguiniie (sfamnation s wnally axpeesed with
prosody (Fundamental frequency, powes, speech rass and sa an).
Mt bl proesdic  fostures  comespond o paralingaistic
Infrmalsan, s0 extrecting elements of prossdic feabures which
relate to speakers’ intentignal comtrol is required

Speech miz variatioes which are oceurred with prominence are
fewer than cther peosodic festures (fundamental frequency and
poswer]| 2], Because of tha mreness howsever, the apeach rale
vanigtion shoald be consgdered as & srong “eawilon algnal” s
call listenem' atlentbon, o cthat such strong “eaution signal”
shoiald not be miéssed even in man-maching communlcaton, [n
our wsual comversation, losal speech mre varabioes with
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speakers’ mientional comirol sre scroally chserved.

Erom theie palists of view, we are alming to detect the poriians
of imtentional local spesch mi  vanstions in  Japanese
ssontangcis)  convarsational epeech. For ihie pumpose. we
progeode a new speech rabe meodel to eapress bwo forces which
contmal gpetch ate. [n our srody, lipediesd  spantinecus
canvermtional speech which may canlalss fch prosadic fostune
are reconded. Then mom bosmndaries in esch speech are decided
16 caloulabe speech raie. BNt "mom duration adjusting faotor
(MDAF) s eppbied o reduce the Influence of exirems
shorienimg momee on the model. Then we apply the peoposed
speech rate model do spoatineoul convématiomil fpeech, Cur
new spesch rale model extracts reo fonees separatedy, Owne 8 a
driving foree which causes a global tendency of speech rate
vinisilon, s the olber |8 8 dGummdng fonse omUBes niom=|bnoar
irunsformation related with speaker's volusisry comrol

There are several methods which aapreia a ipesch mia[3](4],
However they may not bz suibed for our purpose of deiecting
intemtional rate vamstion: The mathod using DTW[4] needs
teleremes speech so ey are difficult w wae for lange amount of
sponinnecus convenstional speech. The methods i decide
procign morm durablon for spesch Symihosla may pod eapness
apeakery' intemtlonal rate comirol.

In sectlan 2, the expresibons and the feavanes of Japaness boos|
Epeech rabe wvariation ame described boiefly Then we will
inbnschica ihe MIWAF, In secilon 3, the detadls of ke propessd
speech mie model are deseribed. [n section 4, we apply the
prapesed  speech  rate model 1o sevemal  sponianecs
converaalbansl spesch,

2 DESCRIPTION OF RATE VARIATION
OF FREE CONYERSATIONS

2.1 Expression of the Local Speech Rate

T axpress locl spaech rte varlaten, mom durstion (sec/morm)
is wed in our srdy, To obiain durstion of sach mocee (n apeoch,
muora segmertation is needed. In par case of free conversabonal
sposch, mera bouodaries often disappear bocaass of heavy
codrticurations, Thus, de mor segmentuioe are carried out by
LT TR G T

We oy & bunsediw 44 8 fundamenal 1emporal pemod(unit) to
dedigs our apesch rale model, The heisate (3 8 semanbe unki
inio which & sentence can be divided nanemally (o e of
meaning and pronanclation-in Japmmese{3). Since the bwamaery i
A gemanbe unit, we can saturdly consider thal speaker'y
intentlongl contral can be isiued an ihe Mindetiu. AR exampls of
vanation of mom dunason  in Jspaheds  SponiARecus
cosversalione! speech |s showm im Figoe 1. In fguee 1,
awvernged values of mors dussidon for each bursetsa mre also
whowm, These pversged vabses indicabe rough vanation of locsl
speech rate in the denretsemse resalution.
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2.1 Observed Features of Speech Rate
Variation

A 4 prepasmiion o design & specch min modsl, we have
ivestigated the features af lecal speech rate warjation im
Epoiiasm s corvemational speech. The following features have
been ohaerved,

421  Loe<al Sjieech Rate Varlations by Bemsetrus

We can find thar the local speech e besomes ohserably
slonwer in several poriiane ef speech. In moat pach cnmes, the
factar of becoming slawer i speskers’ thinking, Bat, in several
casee we sanly observed glower portions with ioienticeal
emphagin

212  Variatiens of Each Mora Duraten

Observimy the varistions of ench morae durtion, several
Feahares susch of phmse final lengibening of bimommie foor are
sdan abserved in owr dain, Especially, shonening of several kinds
af mora {mormic nesel, long wowels and double consonaene) ahe
obissrved remarkably in our spomaneous comveraatianal spesch,
These |large varations of mom dwaton are considered © ke
invohuntary variniion based on phosemic nemre, 16 ls bener o
remave e Influanca of those involuntiry phenanesn

13 MDAF:Mora Duration Adjusting Factor
The shortening of specific more @ one of isvaluntary

Tabde 1: Walues of MIOAF

Kind of Mars The Muamber of Mo | MDAF
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Figare Zi An example of adjusted mars uration (The meaning
of ulterance is "¥ou noed anby rus-time (brary), so you sthould
et it froan Microgodt's (sibe)")

elements of ghe obssrved speech rate vanation, Before applying
duf speech rate model, the following "mor durstion adjusting
fatioes (MDAF)" are applied o maderse ihe involunery
turiulenes of mara duratian, The MDAF is deflned as follows,

MRAF = gura ’W{H_HLJ]

whire MD (& duradon of shamenlng mera and MOy 16
aversged mora duration by the Semserru. The MDAE i appliad
ta e oheerved mom durition s followa)

nhserved mork dursion
MIOAF

In ihis shedy, MOAF are applied o dooble sonsonant, moraic
nasal, lopg vowels, diphihong and several devosced CY mome,
Valoes of MDAF are shown im Table I They are decided based
on the Invesiigation of duration mtie of specific mome in aur
ardy(d), and koowledpe on more damtlen fioen seversl
researches{6][7]. Figure 2 shows am examgle of variabion of
:}mﬂ mcdn damticn afer spplying (ke MDWAF, Mo dusralion

wsted by this process is used in the following new spesch mie
mesdil proposed in this repost,

3 MODELING OF THE LOCAL SPEECH
RATE VARIATION

3.1 The Concept and Outline of the
Proposed Maodel

Specch raln which we can chierve |a conaldered o mixiuse of
vaniatioos which am used by various feclors. Those facioes
can be roughly divided Inbe volumtary elements and isvoluntary
alamenis, nvoluntry mbe varlablond dre cauied by phonemic
nafure of the langoege, whentas voluntary rate vanations can be
rolated with apeakers iniensan, Tis, in our procedure of ke
modeling, volantary elemvenis  should be preserved  and
imyoduntsny @leiments are discanded as noise,

Om making & speech reie model, we iry o extret b kirds of
force (Figume 3) which offect the looal speech rage variabon
weparalely, They are as follows:

1] adriving force of speech Aow
2} mawong force that tempocally dama up the low

The Barmer “driving force™ conbinues throughout a senierce and
varies slowly, The slow waristion of the foce (s usally almes
invaluntary. This driving force causes a global semdency of
speach rn varsion. A5 s globel sendency of wpeech rale,
averaged speech mbe and tendeney of increasing of decreasing
of its rate should be expressed, Sa a linear function i applied
varialian of mem dursibon io sach semanic uslt

The latier "dammaing fores” iy sirong, voluntary contial, thal is
maln wige in our snedy, We comsider Lhat this damming coneral
ie appleed 0 a mimimum semantic anid (e g, word], amd make
leeal wpeech raie glowsr, When ibe spooch mte (s made §lower
voluntarily, morae in the concrolded wnil mey Dol lengthen
uniformby, that is nonlingr ransfermaisan. Mora durstion
waoilld ba I-H‘I]:I.Iud arpund the most elaslic portien in the
codiredled undl, which seem fa depend wpon the phaneme in the
anit, A almple cemven curve showld be applied o ench
comtredled umit We iy b wse & cosing curve o express this

adjusted mom duntion =
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Figare 3: A cosine curve which express “damming coneral®

dameming comired.

3.2 Approximation of Global Tendency

To espeass global sendency of speech mbe, atrmight lines
Cy=ai+h] are fined 10 the vadston ourve of chierved mom
dursfion (Figure 4). A single ling is ftted a5 & regression line o
i bingle permanise urdl “humeu®,

When the inclinstion parsmeter ¢ i negative, tse wnid his
pegalernlive tendency im speech race, whan o (8 poalsive, the wit
hng deeeberative tetdiéncy in spesch racs,

The final mor in e unit cen be bemgibened repardless of I
senddanoy of speech mbe. This is & well known phm&mm
the “fitial fnoca lemgthening®. At first the final moes of the unir s
enchuded from the ecalmulation of the mgession line. Then
durstien of firal morm i3 estimaied by the repression lioe.
Comparing sstimated duration 1o wcbasl dursdios, iF faal man
distd fal be lengthenedl, the coafficients of regrossive lime ane
caloulasd #gkin incloding firal maora.

33 Approximation of Non-linear
Transformation

To express  damomwing  force that cuses o neo-limear
irmnsformation of tempesal siructure in sach semantic unif, we
ineroduce a simple convex carve, Ameount of ke nos-linear
iransformation can be derived by subiracticn of the global
fendeney from the chaorved nvoes dunation. [n this repeet, o
value estimated By repressdan lige of ssbiracted from ench
ohsarved mom dumtion, The valwe whsch @ subtracted in
dezided as a valug om the neg ssion line 21 the central time-paoing
af the correspomdlng mor. To 1he oblained set of the subtmacted
valug, n lmple comvex ourve 18 fited,

Irs this repost, we wse a cosing fumction as a simple conves sirve
i fedlewa;

in aF i AT 20
j--dm[m{rw}] where r-{n ©eheraiae

Fis dursiios of & semance uni Jor & savantlo soit withowt fnel
meara) and 4 i3 &0 ampliiude. The amplitude 4 and the time of
ik e imam palnt 7 o= (FATYD are eillmaled by meana of
ihe least menn syuares (Figure 3} The 4 b consdered as the
srengih of damming force, The ¢ mdicater ibe location of (ke
maat stroagly lengthensd perdon witdaln the semanid: unil.

4 APPLICATION OF PROPOSED MODEL
: TO SPONTANEOUS
CONVERSATIONAL SPEECH

The spetch rate varintion meadel proposed in previous sectios &
appdied o 48 sepiencas of sponisnsous conversatlonsl spesdh.
Spesch samples are uitered by ™o mals speakers who am
umiversity sbodontd and bave heen mewdly moorded for our
resesrch, Flgare & and 7 show examples. Lower graph (e
“adjusied mors duraticn™ and "regressian Fine®. Upper grph s
“adjusted mors duration mives regeession line® and “estimaned
COSHDE COPVE".

The avemmged speech rate eml tendercy of increase and
decrenping of apeech rate are opproprintely expressed by the
regreasion lise In most cases. In & |04 of cases, & regreslon line
falls. This means tbe semantc ynit has accelemtive endency.
And in several cases, cosine curves appropriately expres
intemibannl rate varisions, The © ane bocated (o the middle of
the s=mantic unit in bose cases. 1a oter saveral canes, howewver,
we can find the amplivode 4 are slmost O (le, no demeing
force)  altheugh there seemy o exist noolincar Jemporal
trangformation in the wodl, [n such cases, mone precise
investigations mre nesded, Flgare B shows the disrbuton af A
and t of &ll units in emples. The © often mkes the value
?r O {beginning of ie unit) or 1 (end poist of the unit) in o lot

unit,
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“’hmb:umbﬂutmmhmmihamm.
IH:I'D:I:|I1.I1ID|1II}' ed medel La apt sot bo be camried ow
will, Becauss g thee numibser of morag in the wlt nseans
llﬂ'luhg;ﬁfﬂ'ra miise by phememic nature, Cn the other hasd,
whem the aumber of mome |5 1oo mmall, spproximation @ also

To express wolunlary rate cantrol mare appropeiabely, we should
conalder e improvemeais of 1) the shaps ol o curve o ws in
Mmfmdmﬁm!}hhnwnlhmmwhum the

5 CONCLUSIONS

proposed n mew speech rwle model which exioacts
rate eomiro] fromm observed speech rate vanation. The
melal have boen designed o extmct "driving foroe(global
tendemcy)  and  "damming focce”  (voluntery  noolinear
tansformation) sepmmbely. A regression line s applied fo
axpross "deving fnm und & cosloe curve I8 applied 1o axmmol
"dammaing fonee” in each semanbic umit We have applied
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Figpare B: Dristribution of 4 and 7 of estimaied cosine curve

propased model to several spontaneous convers#lonal speech.
Averaged speach mbe asd wendency of increase and decreasing
af speech rate has been ewpresied by a regresion line
appropridiely. And in several cates, codim® curves apprapriatety
eajpress inieptional rle varatdoms,

W need t0 cangider that the validiny of uging the cosing curve
angl ihe validliy of applving ihe modsl @ n emantie ani
bymserra, And we heve to investigse reluticnship between the
percepion of speech rwie variations asd the coefficients of
proposed moded,
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