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ABSTRACT

The puxpose of this study is to analyse the intonation contours

of ten swedish sentences pronounced. by three clifferent native
speakers, in ord-er to define a set of generative rules that
can be useful in text-to-speech synthesie. Tntonation in this
context is r¡nderstood in terms of Ínteractions between word

accents, sentence accents, initial juncture a¡d terminal
juncture, but wíthout an¡r reference to intrinsic qualities,
segnentaL conditioning factors or various emotional and idio-
1ecta1 features.

Out of a aunber of already existing intonation models for
Swedish, the procedrrre d.eveloped. by Eva cSraing and her col-
labo:rators at l,r¡nd University is adopted in a simplified
version to syntheaize tid.eaLízedr Fo-contor¡rs for each of the

test sentences in the pronunciation chanacteristics of each

speaker (Bannert, 1984; Bruce¡ 19??; cSrding, 19?7,1W9,1981,
1gBV, lg}t+). The obtained results axe compared with the o::igi-
nal pitch sequencesr mappS.ng natches and nisnatches. Some

minor ad.Justments and nodifications are proposed to improve

the ¡nodel. I'inally, valid.íty testing d'enonstrates the effi-
ciency of the applíed procedu¡e a¡rd. its underlying concepts

with regard. to the analysed texb materialr at the same time

ind.icating areas for further research.

,I . PRESM{IATTON

'l .l lfert Material

The following ten Swed.ish sentences are analysed:

- Bussens förare fick körkortet indraget.
- Isen kan omöjligt bèira en vu:Ke*..
- Torpet hade blomrnor och gräs pä tal<et.
- M8niga trivs med att vandra i fjä11en.
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- Silcten Ëir ganska sþnd i kurvan.
- Skorna var D¡ra och alldeles för tränga.
- Lingonen^brUkar nogna i eeptenþer.
- P¡¡npea pä gäraen hácte rostat pä, vintern.
- Vã.gorna slog högt över bnyggan Í stornen.
- Ðagen firades ned klang och jubeJ..

These eentences were chosen fron Lists compiled by Margareta
Korsan-Bengtsen (Distorted. Speeeh Audionetr¡r, Acta Ota-Iaryngo-
logica, Suppl. ]1O, Götebory, 1971) a¡rd constitute statenents
without arqr prominent contextual featureg. They ¡{ere recoûr.ed.

in an ect¡oless sound. studio at the Acoustics T,aborator¡r of the
Swedish llelephone Conpany in Stockholm und.er equally cont¡olled.
conditÍons for each speaker.

1.2 [est Speakers

The three speakers compnise a 1|-yeat o1d nan, a J2-year oJ-d.

wonan and a 11-yeer old boy, all of then liv:ing i¡ tbe Stock-
holn area a.n.d speaking Swedish without noticeable pa¡ticuta¡Í-
ties. They were ínstructed to read tbe teo statenents one
after another, with short intenrals, in a no¡naL and. coJ.loquial
fashj.on as if talking to another person. As a natter of con-
venience I have chosen to appþ the labels DIAMAL, DIAEEI,I and
DIÂCHI througbout the course of this stud¡r whenever I refer
to the male, the fenale or the chiLd.rs voÍce respectiveþ.

l.J Vocoded PÍtch Contou¡re

A copy of the ori6inal tape recor.r:ling was analyeed aü ChaLners
University of TechnoLogy in Göteborg witb respect to voicing
d.eterni¡.ation, pitch value erbraction a¡rd. allophonic segnen-
tation, using the vocoder systen developed. by and. availabl-e
at the Departrnent of Info¡nation [heorXr (Hede1in, 1981). pitch
extraction was performed. by the autocorrelation nethod. (Hess¡
1987; Rabiner & Schafer, 1978). ALJ-ophone labelIÍng was cani.ed.
out narrually with judgenent based. on both visual and. audÍtory
evidence. i,rlord accents a-re narked only for syllabJ-es Èeceiving
prinar5r stress. idord. boundaries and lower levels of süress are
disregard.ed., as r¡ell as phrase accents and phrase bound-aries.
|lhis analysis resulted in a set of thirty vocoded intonatíon
contours, the first three of whích are denonstrated ia figure
1.
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'1.4 Generated Pitch Contours

A first superficial glance at the lined-up text materi-al re-
veals both si¡ni-larities and dissimilarities in the pitch fl-uc-
tuations of the various Fo-contours. Some of the irregularities
can be easily accounted for in terms of individual variation.
Others might prove more difficul-t to erplain. One fi-rst point
of interest is that we obviously have to consider large-scale
pitch rnovernents over relatively wJ-de ranges of frequency and

durati.on as well as comparativeÌy minute vacillations that are
added to or superimposed upon the larger strctures wlthout,
hcwever, changing their overall cou¡se of direction.

One possi-bIe approach to the investigation of the problems
involved would be by way of a detailed description of the
pitch sequences in the presented text material. Thus correla-
iin¿; the data obtained for DIAMAL, DIAFBM a¡d DïACHI and

viewing them in the broader light of established phonetic
tÌìeory, we might hope to unearth recurrent regularities that
can be formulated into a set of generative rul-es a¡d corobo-
rated by further systematic research. Such a¡r analysis method

requires, however, large and varj-able terb material from margr

dj--fferent sources if it is to yield rel-iabIe results, and does
cherefore not seem feasible withj-n the l-inited scope of this
study. Instead I irave chosen an analysis-by-synthesis procedure,
applying a simpì-ified version of the Lund model of sentence
intonation to synthesize ridealizedr pitch contours of all ten
senlrences in the prom:nciation characteristics of the three
test speakers, which T will then compare with the rrealr
(vocod.ed) Fo-contours.

The Lu¡d ¡nodel of sentence i-ntonatj-on comprises in its nost
comprehensive application nine consecutive süeps which gradualty
transform a given string of phonemic syrnbols representing the
utterance in common alphabetic writin6 (INPUT) into its con-
comitant Fo-contour (OUTPUT). For a more detailed d"escription
of the entire procedure see G8rding, 198+.

Applying this model- to the text material and using a tonal grid
defined by four paratlel 1j-nes at a distance of 2O/4O/2O Hz

from each other, with a overall fall of )O Hz, I obtained thirty
generated intonati.on contours, one of which j-¡; shown in figure 2.
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Figure 2. 'BUSSm{S FÖRARE FICK KÖRKORTET rNDIìÀGETI

Generated Fo-contour for DIAI\ïAL.

2. COMPARTSON

In order to facilital,e cornparison of the ridealizedt \^¿ith the
rrealr sequences f have tra¡sfeged the generated HIGHs and

LOlfs d.irectly into the vocoded contoursr using proninent
turning polnts in the latter to establish the grid. fhis v¡as

not aLways possible under the conventions suggested in para-
graph'1.4. Conpromise was sometimes necessary v'rith respect t('
both parallelism anat internal stratification. lt should be

noted., however, that construction of a tonal Srid obeying sorle

kind. of regularity v'ras possible without maior difficulties in
all the analysed sentences.

Figure l. 'BUSSNNS ¡TNANN FICK I{ÖRKORTET INDR¡'GETI

Vocod.ed Fo-contours for DTAMALT DIAFEM and DIACHI

with superimposed grid a¡al generated HIGHs and LO'vIs'
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Figure 3 cont'd.

2.1 Matches and Mismatches

Comparing a total of thirty intonatj-on contours representing
ten Swedish sentences in the pronuncj-ations of one male, one

female and one child speaker, i{e are confronted with a bewil-
dering number of both striking matches and blabant ¡nismatches.
Before entering a detailed discussj.on of the accumulated mate-
rial I have tried to condense the results into a systematic
amangement !,rhich I hope wi-1l contrj-bute to reveal some of
the underlying regularities.

Table I. Matches and rnisnatches between vocoded and generate,l
contours (Dxplanatory notes on page B),
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DTAiVIAL

DIA¡'EI.{

DTAC.:]Ï

complete correspondence betr¡reen

vocoded and generated a,spect

diverging grid
converging grid
misfit with respect to internal
stratification

generated. accent,/juncture mark to hiEh
generated accent,/juncture mark to 1ow

generated aecent,/juncture. nark to early
generated accent/juncture mark to late
Fo-rise missing in generated version
Fo-fal-l missing in generated version
total number of accent HIGHg and LOils

other misfits

f"^-level in vocoded version

2.2 Ðiseussion

2.2.1 Tlre îonal Grid

Permitting individual adjustments with respect to widüh, range
and xate of faIl, the model predicts correct grids in nineteen
out of thirty occurrences. This figure nay need sorne mod.ifica-
tion, taking into account those incidences (narked in the m-
colunn) where considerable parts of the intonation eontour
fall- one octave below the otherwise regular tonal surround.ings.
This happens eight times for DI.A"EEM and. twice for DIAMAI,. A

closer review reveals thigher-harrnonic detectiont or thigher-
harmonic trackingt (if continued for a longer tine) of ühe

M

F

A

v
0

1

¿

1P

I

\
!

m

Code to preceding table
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subharmonic at Fo/z as the probable cause- Errors of this kind
are also referred to as octave errors (Hess 1987) and ca-n be

treated in terms of individual aberrations on the phonation

level with neg!-igible impact on the j-ntonation sequence as a

whÒIe. Therefore they do not need to be taken into consideration
when drawing the grid.
Of the remaining tnon-correctr patterns in the presented text
material, four can be described as diverging and six as con-

verging tonal grids, all ten of them displaying accurate
internal stratification. I a¡n hesitant to dismiss those cases

sinply as not conformable, or rather, T e:çect that further
advances in ühe research of the general concept of the grid
and its applications to different languages and sentence tJæest

including emotional as well as attitude features, will sooner

or later provide us with the tools to ascribe correctness even

to these kinds of deviations. One possible lead in this direc-
tion night be that non-parallelism in our naterial occurs nine

out of ten times for male speakers (three tines for DIAIVIÀL'

six tines for DIACHI) but only once in the case of DIAFElvl.

Much larger text material has to be analyeed, however, before

these observations may be established" as reliable facts.

One exarnple, test sentence number four in the DIAFEII{-version,

rLisplays a grid which clearly deviates from the internal '1-2-1

¿tratification principlen at the same time differing marke<iJ"y

even with respect to the overall intonation slope. Far from

proffering any erçlanation I wish to stress that the vocoded

i-ntonation contou.r even in this case, however, provided enough

clues to establish some kind of grid pattern without any

greater d.ifficulties.

2.2.2 InLtíal Juncture

The placenent of the initial juncture I¡OWs has been predj-cted

correctly in thirteen out of thirty cases in the presented

text material. Faulty judgements are confined almost excLusive-
Iy to the frequency scale with an overwhelming tendency towards

und-eruating (14:l ratio too low versus too hi8h). Temporal

d-efects are conparatively rare (once too early and once too

late).
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If the model does very nicely with respect to at Ìeast the

temporal prediction of the initial .juncture LOtl/st it does

not succeed very lrefl in generating the Fo-rises that typi-
cally acconpany those LO!/s. Our text material displays eighteen

such Fo-rises (versus three Fo-falls and- nine tr'o-Ievels), none

of which is predicted by the generated sequences.

It will be d-iscussed later, if theses Fo-rises are to be treated
as intrinsic juncture features or rather as belonging to con-

catenation.

2.2.1 \tord- Accents

The tbirty Swedish sentences constituting the text material
for this study contaín 2)B word accent rnarkers (HIGHs and LO\'/s):

r.¡hj-ch are dist¡ibuted in pairs over 119 words. 61 of these

rior<ls receive acute accent (ACCtrNT I). The remaining lB words

Ìrave grave accent (AC0ENT rI).

116 cf the 2JB w1tc- :ccent markersr which means roughly half
oï them (4Br? ,L), are synthesized at thei-r proper locations
in the vocoded- contours. +B (zotz %) ate placed too high a¡d

66 (2? rl ió) too 1ow, which adds up üo a total of 'l'14 word

accent narkers (+7 19 îÐ which are positioned correctly on the

temporal scale with deviation in pitch determination only.
The remaining B r^rord, accent narkers (tr+ %) are located in-
accurately on the temporal scale. Half of them ('1 ,7 %) a:e
likewise faulty as to their frequency 1evel and can thus be

regarded as totally misPlaced.

To sum up the results so far it can be stated that with regard

to the presented 
:ï:-ïï"::::":::.'"::"Tn|"""""

ternporal prediction of
word- accent markers (9616 i¿')

considerabiy less rei-iable
in frecluency ranging (ror+ ?ó)

with a total failure rate as low as 1 ¡7 'Á.

Defects in corect Fo-Iabelling are distributed rather evenly

between overshooting and. undershooting values, which excludes

inaccurate grid. placement as possible cause. Improved results
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rni¿;ht be achieved by introducin5 phra:.;c structuret by adjusting
the al-gorithm for pitch generation to variable sentence types
or by altering the concatenation rule.

2.2.4 Unstrssssf, liords and Syllables

The Lund. modeL of sentence intonation defines the Fo-sequenees

of unstressed words and syllabÌes by way of concatenaticnt
using copy and join rules to establish both feveLs and direc-
tions. Applying these conventions to our text naterial we

usually obtain Fo-levels which are about half an octave below

the vocoded 9¡¡¿s. The table in paragraph 2.'1 reveals nlne
correct occurrences versus 24 where the contour is placed too
low. There is no incidence where the generated conour is Ioca-
ted too high.

One further d-iscrepancy between the synthesized a¡d the vocoded

contours is for:nd in the reallzation of small scale Fo-rises
(in 11 cases) and Fo-fa11s (in f5 cases) in u¡stressed words

and syllables, which the model does not distinguish at all.
Bven though most of them may simply be rripples on waves on

swel-ls on tidesr in Dwight Bolingers anal-ogy (1964) and thus
irrelevant to our perception of sentence intonationt I am stil-l
hesitant if it is wise to neglect them as is generally done in
speech synthesis.

2.2.5 Sentence Accent

One first observation has to deal with the absence oI sentence
accent in six out of thirty analysed sentencesr four of them

being pronounced by DIÀFEMr two by DIACHI. The appropriate
contours were thus generated totally disregarding any kind of
sentence accent eommands, producÍng correct results in all sj.x

cases.

lncluding these six occurrences in the o-colu¡rmr there is an

affout number of 26 accurate sentence accent narke¡s (63rt+ %)

versus / too high çlar+ ø), 2 too low (5r3 %) a¡id J too early
0,9 %).

Summing up these results under the same prerogative as in
paragraph 2.2.i¡ j-t can again be noted that the conventions -

119



here fo¡ sentence accent rnarking - p"ove

- hi-ghly successful in the
temporal pred"j.ction (92r1 'ñ)

- l-ess reliable in frequency
ranging (76" f6)

with a total fail-ure rate a1l- the vray down at O %.

Two of the three rnarkings which are placed to early, are
specially interesting¡ as they seem to reveal- a plausible
ex¡rlanatíon for the delays. The sentence accent HIGHs in both
the DTAMAL and. DIACHT versíon cf 'ISEN KAN OMÖJLIGT BJIITA trI{

VUXENT together with the adjoining terminal juncture IOI/s

deùermine the ordinates of t!,/o large-scale intonation contour
ta11s¡ which according to the rul-es would have to be irnplemented
entirel-y rvj-thin the limits of gjg]5g speech segnents. l,ihat

tre vocoded text material displays, however, is that the Fo-
1'aL1: are placed not where lhe moclel predicts but in the
voiccd- speech areas fol-1owin6 i-rnmediately after. In other
v/ords, the vrhole Fo-,.ontour confined by the sentence accent
plus ùerminal juncture markers is in both cases tra¡sfemed
into the adjoining voiced sectj-on without changing neither
the pitch levels nor the falling rate.

SirniLar occ.Jrrences of pitch contou¡ reorganisation in comêc-
tion wibh voiceless segments have been described by Rapp (19?1),
Eriksson (1971), Bannert & Bredvad-Jensen (1975) and others.
The procedure seems both reasonable and logical. ït would
be difficul-t to imagine how large-scal-e pitch rnovements within
the limits of unvoiced speech coul-d be perforned otherwise by
lhe human voicing ¡nechanisrn without sirnply truncating them.
Two incj-dences out of thirty are, however, not enough to estab-
l-ish reliable evidence and have to serve in the context of this
limited study as mere observations.

2.2.6 Te¡minaL Juncture

The placernent of the terminal juncture ì,Oiis has been predicted
correctly in seven out of thirty cases in the presented text
material. Contrary to the results obtained for the initial
juncture, inaccurate predictions occur boÌ;h with respect to
frequency and time.
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Fo-rises after terminal juncture I0lr/s are even more cornmon

here (24 occurrences) than they were for initial junctr:res.
The modeL does not predict any one of them. Again the question
arises if these features a¡e to be treated as an outcome of
concatenation or rather as intrinsic juncture quality.

2.1 Modifications

It can reasonably be assumed that nany of the shortcomings
of the sJmthesÍzed contours wilf be avoided once there are
more adjustable rules arld conventions on how to establish
the grid to accomnodate dj-fferent contextual surroundings.
This kind of inprovement Ís specially to be expected with
regard to frequency level determination in both stressed and

unstressed parts of the speech utterance, but also when it
cones to include phrase structu¡e into the general model. I
viII therefore not deal with the problens of frequency ranging
in this paragraph, Ieaving possible solutions to future
research.

Sone minor adjustnents, howevero I would like to suggest already
here, in order to ameliorate the results obtained for the
text material analysed. in this stud¡r. One of these supple-
mentarJr ru1e6 d.eals with the construction of the grid, two
with initial juncture a¡rd terminal juncture respectively,
and the two remaining ones are amendnents to the concatenation

'process.

1. Pernit diverging a¡d converging patterns
as well as parallelisn when drawing the
g"¡id.

2. Connect initial juncture IOI'/ with the next
following word accent HIGH by direct inter-

' polation.
,. Add X'o-rise to terminal juncture IOI/.
4. Move large-scale Fo-movements into

adjacent voiced. areas without changing
their propertiesr if otherwise they would
be located entirely within voiceless
secùions.

5. Connect Fo-turning-points representing
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different pitch leveJ-s by cosíne
interpolation.

Application of these amendnents to our texü material of thirty
sentences would score the following improvenents:

1. llen more rcorrectr grids, rendering a total of
29 out of lO accurate predictions.

2. Considerable improvenents both with :respect to
initial juncture rises ('18 incid.ences) and. pre-
diction of unstressed words and. sy1lables (27

cases).

1. 24 conrect predÍctions out of 30.

4. Refers to sentence rIgEN KAN OMÖ,ILIGT BAÎA X[¡

Vt]rFr[r (see paragraph 2.2.5).
5. Reflects the general inpression of the Fo-

contours in all thirty texù sentences.

,. VALIDÏîT TNSTING

One question left unanswered in this stud¡r so fa¡ concs::ns ou¡
perception of intonation contor¡rs. Do the sinplified. contours
generated by the hrnd nodeL of sentence intonatíon actually
produce acceptable hr:man intonation when used. in speech
sJmthesis?

Using again the digital equipment available at the Department
of Info¡mation TheorSr aü Chalners University of Technolog¡r in
Göteborg, I replaced the vocoded contor¡¡s of the first three
sentences grad-ually by their respective generated ones, first
without the modifications suggested in paragraph 2.3, Iater
with them included. The fÍnal result for sentence 1 spoken
by DIAMAI is demonstrated in figure 4.
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Figuie 4. TBUSSm{S FöRA3E 5TCK KöRKORIET TNDRAGET'

.synttresized Fo-conèour for DIÄ¡{AL i¡ ttÊ lrodifie¿t fiÌtal ¡ærsion. flle arrop
mr}<s t¡re c"u-Ëoundaqf of tlre süæssed syllable in 'FöRARE! .

The conèonitant sound tracks were played to a group of listeners
after every introduced change and were continually criùisized
by then as to the naturalness of the percêived intonation.

J.l Results

Speech synthesis based on the tmmodified contours only pro-
duced curiously base pitch level inpressions in the first
part of all" sentencesr whereas the later sections sounded

quite acceptable. Sentence nu¡ober two (Ist{ I(AN OMÖJLIGT BiiaA

EN VtJXm) was beyond. that cha¡acterized by the total absence

of emphasis, which.díd not coincide with the impression from
the orig:lnal. recording.

The first d.efect could. be conpletely renedied in all incidences
by applying nodifícation nunber two, which neans by linear
interpolation between the initial juncture l0l'Is and the nert
following h¡ord accent IIIGHs without clinging to the baseline.

Àpplication of nodífication nr¡mber four reestablished sentence
accent in the voiced. part of the last word in sentence two,
which thus replicated the tonal contour of the original vocoded.

version.

Both rules nunber two a¡rd nr:.mber four proved thus highly
productive in the limited context of the s¡mthesized material.

The equal-ly proposed nodification nr¡mber three (ad.d.ing Fo-

rises after terninal juacture IOws) did on the other harrd. not
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produce any easily discernable inprovements and was iudged
negligible for the purpose of this study.

The renaining two moclification rules number one and nunber
five were not included in the test procedure at all, number

one out of fack of appropriate features in the synthesized
material (a11 three sentences show paralle1 tonaL grids in the
vocoded versions), nunber five because linear interpolation
already produced highfy satisfactory results.
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