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ABSTRACT different degrees of final lengtheniagd the duration of pauses (rho
> 0.8). |5 cues seem to be less important for the perceptive prominence

. . ) of boundaries (see section 4).
A method for generating acoustic prosody is presented that starts from

a very simple symbolic input. We present evidence that prominence is

a central factor influencing both perceptenmd acoustic parameters. 3. IMPLEMENTATION

Results of statistical analysis of a large speech corpus are shown, these

results havded tothe development of a rule system tpaedicts 3 1 The model

fundamental frequency and syllable duration. Besides the prominence

of syllables and boundaries, position, context and syllable structure are ) )
considered by these ruleBinally, the outcome of tweevaluation E&ch 5 contour is regarded as a sequence of peakbpeak is

experiments is presented. described by four parameters: the distance of the peak in ms from the
onset of the stressed vowelegk delay, the heightof the peak [a
1. MOTIVATION value between 0 and 1, where 0 is $peaker's fbaselineand 1 is

the topling) are the highest and lowest frequency of a given speaker];
and theslopes preceding and followinghe peaks. Minima are
We assume that therosody of anytterance can be described bydescribed implicitly as the cutting points of the slopes. (see Heuft et. al,
assigningonly two features tosyllablesand boundaries: content 1995 for a more detailed description of this parameterization.) A pitch
(phonemes for syllables; rising/falling for boundaries) and promineng@ak can be attributed either to a syllable or to a boundary.
(each gllable and each word boundary needs a prominence value).
Thus, prominence is regarded as an intermedate parameter betwa®ie rules generate only the syllable durations. Segmental durations are
linguistics and acoustics. It is a gradual parameter, although it's optirgalculated fronthe syllable durations using a formula developed by
range is not yet clear. Beyond the perceptive motivation, this approachmpbell & Isard (1991).
has several advantages concerning applications: It is, for example, ideal
for synthesizing focal structures (needed e.g. in dialogue systems) o
higher-level text organization (paragraphs of different levels). Th%{'c2 The rule System
approach is described in more detail in Portele & Heuft (1996).
The rules were obtained by statistical analysis of a prosodic database,
The main demand on thm’osodycomponent of such aynthesis which contains about 1 hour ofad SpeeCh (3 Speakers) with all
system is to convert this simgfeput into rules for the generation of Prosodically relevantitteranceypes(Heuft et. al, 1995). The speech

the acoustic prosodic parameters. is annotated with thenodel parameters described above and with
linguistic and other information (e. g. the prominence values) that is
2. PERCEPTIVE PROMINENCE supposed to influence these parameters.

The prosodic parameters are generated in the following order: syllable
Several perception experiments have been carried out to validate thigation, place of f peak relativett® onset of the stressedwel,
aproach by determining: a) the discriminative ability of listeners in thieeight of this peak, J -slope precedigd followingthe peak The
range of our definition and, b) thosodic correlates of perceived rules are in the form of decision trees. Only binary splits are possible.
prominence. An experiment concerning the prominenaylables  Each leaf may contain either a fixed value or a lifieaction. The
has been presented in Portele & Heuft (1995); subjects had to raterilies allow the interdependence of the parameters, sytiable
prominence of syllables on a schiem 0 to31. Strong (rho > 0.8) duration can be taken into account for the placement oftheak.
correlations between subjects proved their discriminative ability; andTée rules in the first step are mainly concerned with the position of the
clear, almost linear relationship between prosodic parameters liglable in a prosodic phrase (after deciding if the phrase in question is
syllable duration, height and position of, F peaks gretceived progredient or terminal). In the second step, prominensgllables
prominence osyllables could behown(see section 4). Comparable and boundaries is modeled according to the findings in the previously
results are reported by Fant & Kruckenberg (1989). described experiments. In the third step, adjustments are made
according tothe context: this stemainly applies to syllables. For
A parallel experiment to determine the perceptive prominence a@fxample, the distance between twepEaksand the prominence of
prosodic boundaries has been carried out (Heuft et al., 1996). Subjegifacent syllables ixonsidered. In thdast step, microprosodic
had to rate the perceived prominence of the boundary after each wesdiations are taken into account, these variationssaral but
on a scaldrom 0 to 9. Again, wefound very strong correlations supposed to lead to less monotonous prosody. All input can easily be
between the ratingsThe ability to rate consistently perceived derived from thesimple descriptiormentioned above. In the next
prominence of prosodic boundariesalso reported in De Pijper & section, examples of influences on the model parameters are shown.
Sanderman, 1994). Therominence of boundaries was cued by



Before the rules can be applied, the information that is needed but not 1599

explicitly annotated in the input (position s¥fllables inthe phrases;
number andtype of phones in thesyllable; accentability of the o 100° =
syllables; type of vowel, etc.Has to be determined. Prominence £ goo @
values can be annotated in the orthographic input or are generateds
starting from the wordtlass. The rules predict durations for all B 600
syllablesandall word boundaries. F peaks are assignesiiables 3 400
with a prominence >= 15 and to boundaries with a risijng F . § 200 é
2 o
4. PROSODIC PARAMETERS 0N —— — -
200N = 778 117 37 34 56 39 22 8 7 9
4.1  Duration o t oz 3 4 s 6 T8

boundary prominence

Factors taken into account feyllable duration are thewumber of Figure 2: Duration of pauses depending on the median of the

segments pesyllableand theposition ofthe syllable (phrase final or  prominence ratings of three listeners. The duration at prominence 9 is
not; final lengtheningapplies tathe last syllable ineach phrase and 0, because 9 was usually labelled at the ends of texts.

also to the penultimatgyllable if the lastone is not accentable; i.e.
contains a schwa oracalic /r/). The degree of final lengthening
depends on the prominence of tfwlowing prosodic boundary

(Figure 1). Another factor is the number of sonorants in the co

which increase the syllable duration. Last but not least the prominerg(}grtlgicrissmrogg dfnggllj:g:: ﬁer():rlgg:?'t?]% (S)r"fac‘)éllcémi/;n% g?g:m% n
is taken into account. There is a linear depence of syllable duration i P ¥/ Y 9

: prosodic boundary, the earlier the peak is located relative to the vowel
the prominence (see Portele & Heuft, 1995). onset. In other words, speakers tend to keeffitlad fall pattern
stant within certainlimits (see Figure 3). The opposite
phenomenon is found on the beginnings of phraBescloser the
syllable is to a preceding boundary, the later the peak is located relative
to the vowel onset.

delay.

d‘J‘;he most important factor is the distancegyiiables) of a syllable

The duration of boundaries (i.e. pauses) is 0 up to a bound
prominence of 3For stronger boundaries, we have a linedation
beween boundary prominence and pause duratior{geee 2). A
value is assigned to every word boundarymast of the boundaries

have a duration of 0. Not only distance to prosodic boundaries is of importance, but also the

distance between two accen®dlables.The closer e.g. a following
syllable is, the more advanced an F -peak will be situated relative to the

400 vowel onset and vice versa.
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Figure 1: Duration of the phrasénal syllable depending on the 0 ! 2 s 4
prominence of the following boundary. There is a linear relation up to Distance to boundary [syllables]

a prominence value of 3. For stronger boundaries, prominence is coded .
b)f)pause duration (see Figure 2.9 P igure 3: Distance of the F peak from the onset of the accented

vowel depending on the distance of the accestdidble to the
following prosodic boundary.

4.2 Peak Delay

Another factor is the segmental structure of the accesyiible. If
The correct prediction of the place gf F peaks (i.e. the alignmegt of $¥llable onset or nucleus contaioicedsegments, the peak is often
conours with the segmentakel) isperhaps the most important taskshifted in their direction (see Figure 4 as example for sonorants in the
for prosody generation, because of the categorical nature of pitch peakla). This effect has been stated futch by Rietveld &
alignment that has been reported in several studies (e.g. Pierrehum@étgsenhoven (1995). Thereadtso an interplaypetweensyllable
& Steele, 1989; Kohler, 1987; Portele & Heuft, 1995). However, it iduration and location ofhe F-peak,the relationfound by linear
the most complex task as well. Many of factors influence on pe&Rgression isdelay= 0.2 * syllable duration



300 4.3 Left Slope

200 Again, we find a strong effect of the distance of shkablefrom a
— (precedhg) prosodic boundary. the syllable is close to boundary,
2 100 the slope is steeper (i.the damping factor of the cosinus curve is
% greater) than if the syllable is further from a boundary ksgere 6).
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Figure 4: Distance of the £ peak from the onset of the accented I % =

vowel depending on the numbenaficedsegments in the coda. As 0,00
plosives and fricatives are devoicedsyllable final position, only
sonorants are considered.
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4.2 Peak Height (amp”tUde) Figure 6: Steepness of the,Blope precedinghe peak against the
distance of the syllable from the preceding prosodic boundary. Higher
Declination is not modeled by decreasing top- and baselines but byadues indicate a steeper rise.

downstep from peak to peak. Thiaplies that thelater a peak s Thg glope also depends tire distance (in syllables) to the preceding
situated within a prlrasez thesshigh itwill be. We find a relation £ neaks: the smaller the distance, the steeper the fall. The height of the
amplitude = -0.007 * position of the syllable in the phrase peak (amplitude) influences the preceding rise with a factor of 0.005.

Amplitude is greatewhen thesyllable nucleus is a vowel that we :
fourF:d (Heu?t & Portele,199g) to have a rather high intrinsic 4.4 nght Slope
fundamental frequency ([if[u:][ s][y:][ Y][ol[ 2][@:][ce]).
Comparable tohe left slopethe rightslope (i.ethe steepness of the
Further, peak height depends on the prominence ofsyheble fall after an E peak) depends on the amplitude of this pigk élope
(Figure 5): the more prominent the syllable, the higher the peak. = 0.05 * amplitud¢. The dependence of thight slope on the
distance of the following peak is showrFilgure 7.
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gure 7: Steepness of tHenal fall (right slopeof thelast peak in a

rase) against the distance of stable tothe following prosodic

oundary.

prominence level

Figure 5: peak height (amplitude) against the median of prominené:
ratings. Only syllablewith a prominence > 15 are associated with :g
pitch peak in our system.

The last right slope in phrasesth falling F, has to be modeled very
Prominence of boundaries influences the height of the Jast F pealcarefully because it represents tfieal fall. It is dependent on the
falling phrases. Theeak is leshigh for strong boundarigban for  distance to thdollowing prosodic boundary, i.e. it gets steeper the
weak boundaries. We could not find a relation between boundangarer the syllable isituated relative téhe boundary. Further, the
prominence and height of tffieal rise for progredientitterances or prominence of the boundary has an effect: Stronger boundaries are
questions. modeled with steeper falls.



5. EVALUATION REFERENCES

51 Pair comparison Campbell, W.N.; Isard, S.§1991): Segment durations irsglable
frame.Journal of Phonetic49: 29-38

A simple comparison of pairs of isolateeintences generated with a) Fant, G.: Kruckenberg, A(1989): Preliminaries to the study of

the old prosodycomponent, and b) the tree-structured rules wa§,edish nrose reading and reading SSIEL-OPSR 1-83
carriedout. The outcome wascéear preference fahe newsystem. P g 9 SHR-Q ' PP-

(All16 subjects prefering theewrules, 11 of thensignificantly; the Heuft, B.: Portele, T.; HofeF.; Kramer, J.Meyer, H.:Rauth, M.;
overallpreference wag2%). However, we musee that irsuch @ gonntag G.(1995): ParametriDescription of F contours in a

comparison the reference system only has to be bad enough to Obﬁ%&odic DatabasBroc. ICPhS 95, Stockholpp.378-381
good results. ' ' '

i i Heuft, B.; Portele, T. (1995): Intrinsic prosodic values and segmental
5.2 Delexicalized speech context.Proc. Eurospeech'9dvadrid, pp. 2077-2080

Therefore, another experiment was carried out to compare th€uft, B.; Rauth, M.; Hofer, F. (1996): Prominenz von prosodischen
synthetic prosody with natural prosof§onntag,1996). Thepitch ~ Grenzen. To appedfortschritte der Akustik - DAGA'96

marks of two speakers and synthetic speech were used to produce

sawtooth signals. 12 subjects were asked to recognize differdfhler, K. J.(1987): Categorical pitch perceptiofProc. ICPhS'87
syntacticaland accentual structures of short declarative sentencesval-5 Tallinn, pp. 149-152

the sawtooth signal3.he recognition rate wa80% for the natural

speech and3% for the synthetic utterances. Comparing the twdierrehumbert, J.B.Steele, S.A.(1989): Categories of tonal
natural speakers we obtained 81% vs. 67% recognition rates. Thus,Alignment in EnglishPhonetica46, pp. 181-196

may conclude that the difference between synthetic and natural is not

much bigger than inter-speaker differences. De Pijper,J.R.; Sanderman, A. (1994): On the perceptual strength of
prosodic boundaries and its relation to suprasegmental cues. J. acoust.
6. DISCUSSION Soc. Am.96 (4) pp. 2037-2047

) ) ) Portele, T.; Heuft, B. (1995): Two kinds of stress percepiooc. of
In this paper we have tried to outlitiee rule system foprosody the |CPhS'95, Stockho)mp. 126-129

generation. Of course, space is tooited to presentevery factor

influencing acoustic prosody, but the most important points have bepgytele, T.; Heuft, B. (1996): Towards a prominence based synthesis
mentioned. Many factors (e.g. prominence, boundary distance) ares%tem_ To appeaProc. of the 2nd Speak! Worksh@armstadt

a gradual nature, therefore, we often have functions rather than fixed

values at the leaves of the rule trees. The functions presented herq;gég,e,d’ T.; Gussenhoven, C. (1995): Aligning pitch targets in speech

not exactly the same as in the actual rules, because here, the inter?ﬁ%hesis effects llable structure. Journal of Phonetigs
of the different factors is not discussed. 375.385 oy ' » PP

The evaluations gave promising results but tely considered the  gonniag, G. (1995): Klassifikation syntaktischer Strukturen aufgrund
generation c_)f shonBolatedste_nFences. Thquaht_y of _stylesthat ar®  rein prosodischer Information. To appear: Fortschritte der Akustik -
more interesting (and more difficult to handle) like dialogues or longg§a a9

texts has not been evaluated yet <a634.wav>.

It goes without saying that a good prediction of the prominence values
is crucial for the resultinguality ofthe synthetigrosody. Ina TTS
system the values can be predicted ftbwn text using information
about word class, topic structure and syntax. We are aware that this is
quite a difficult taskThe structure that we hapeesented here is in

fact more suitable for a concept-to-speech system.
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