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tion and synthesis. On this level it is possible to refer to a natural production by 
superimposing a computer generated spectrogram on the parameter display. In this way 
the synthesis by analysis method and the rule synthesis method are combined in one re- 
search environment. 

Durations from a speech database 
The speech database project at KTH uses the rule synthesis structure for generating 
phonetic transcriptions and for defining data base search patterns. This is used in a re- 
lated project on temporal description of Swedish (Carlson & Granstrom, 1986b). One 
interesting way in which we can use the combined speech analysis/synthesis environ- 
ment is to use the label files, with phonetic transcriptions and segment durations, as in- 
put to the phonetic component of the text-to-speech program. In this way we can study 
effects of the fundamental frequency rules selectively. Admittedly there are obvious 
interactions between the segmental/durational structure of the example sentences and 
the modelled fundamental frequency contour. Some times this leads to unacceptable 
productions even if the FO contour is judged to be "correct". This incompatibility is of- 
ten possible to trace to differences in phrasing and focal accent and is interesting to 
study per se. 

EXPERIMENTS ON ACCENTUATION 

Focal accent in compounds 
One focus of interest of ours has been the timing of the FO gesture for focal accent in 
Swedish compounds, which as a rule have accent II in Standard Swedish. The focal ac- 
cent rise has been claimed to be critically timed in relation to the secondary stress of a 
compound (cf. Bruce, 1977). While the word accent 11 fall (H*L) occurs in connection 
with the primary stress (i.e., the 1st stressed syllable of a compound), the focal accent 
rise (L*H) will not be executed earlier than the secondary stress (i.e., the last stressed 
syllable of a compound). Our experimenting confirms this. It is especially obvious in 
compounds consisting of more than two compound elements, where primary and sec- 
ondary stress may be far apart, e.g., "mh-skens-promenad". Problematic cases include 8 

so-called formal compounds, which morphologically cannot be analysed as consisting 
of compound elements, but prosodically behave like compound words, e.g., "paradis", 
"aventyr". Particularly when these words occur as final elements of other compounds, 
like in "krigs-aventyr", "semester-paradis" is the location of secondary stress not trans- 
parent from the morphological make-up of the word. A further lack of correspondence 
between the morphology and prosody of words is found in constructions of the type: ac- 
cent I1 verb + enclitic pronoun, i.e., two word phrases like "satta sig", "testa honom", 
"lcrama heme", which usually appear with compound word prosody. 

Our informal testing of the timing of the focal accent rise in compound words of the 
above type within the text-to-speech framework indicates that indeed the secondary 
stress syllable is a critical synchronization point: a location of the starting point of the 
rise, even slightly to the left of the secondary stress syllable is perceived as a strange 
and hardly possible realization, e.g., in "ut-rikes-departementet", Fig. 1, whereas the ex- 
act location of the end point of the rise seems to be somewhat less critical, as long as it 
is not too far to the left in the secondary stress vowel. 

Focal accent in non-compound accent I1 words 
For a non-compound focal accent 11 (H*L H) the word accent I1 fall (tied to the stressed 
syllable) and the focal accent rise will typically occur in immediate succession. A test 



case for us has been a phrase consisting of a focal accent I1 with several unstressed syl- 
lables up to the next non-focal accent (H L), e.g., "FLYGA me n h  madam" (= four in- 
ter-stress syllables). In such a context a plateau will typically be formed between the 
end point of the focal accent rise and the starting point of the fall of the following non- 
focal accent. Our experiments suggest that the location of the end point of the rise, 
which in the default case will usually occur in the 2nd syllable after the stressed sylla- 
ble, does not have a very critical timing. The location of the end point one syllable to 
the left or to the right will hardly be perceived, confii ing the floating nature of focal 
accent in non-compound words (Bruce, 1986). Only the location of the end point either 
early in the post-stress syllable of the test utterance will give a different, slightly excited 
impression, or late by way of interpolation directly from the starting point of the rise (at 
the end of the stressed syllable) to the end point located in the pre-stress syllable of the 
following post-focal accent I word will give a different impression, maybe as another 
kind of phrasing. 
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Fig. 1. Synthetic fundamental frequency contour of the accent 11 compound "ut- 
riks-departementet". Critical FO events are marked by circles. 

EXPERIMENTS ON BOUNDARY SIGNALLING 
Our focus of interest here has been on how boundary signalling by means of FO seems 
to be regulated at sentence internal clause boundaries, what could be characterized as 
comma intonation. The realization of comma intonation according to the current text-to- 
speech rules is a clause terminal FO rise, a continuation rise of a moderate FO range, 
followed by a pause of approximately 400 msec. The general impression of this rise in 
different environments is one of a possible but marked kind of boundary signalling. 

In order to gain more knowledge about this kind of boundary signalling in Swedish 
(cf. also Bruce, 1982), we recorded a speech material specifically designed for this pur- 
pose. The speech material consisted of 22 test sentences typically occurring as minimal 
pairs, where the location of the sentence internal clause boundary was varied. Example 
sentence pairs are the following two: 
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The analyzed speech material shows that the typical realization of a sentence internal 
clause boundary (apart from obvious durational correlates) is a decrease in FO to a low 
value before the boundary and often a moderate reset in FO to a higher value after the 
boundary in combination with differences in prominence relations for the words related 
to the boundary. In some short sentences of the test material there appears to be no spe- 
cial marking of the boundary in terms of FO. 

A careful listening thrdugh a synthetically generated version of the test material in- 
cluding the earlier rule of comma intonation (= continuation rise) and with durations 
taken from the data base, shows that only a certain subset of the synthesized utterances 
sound strange or impossible. It appears to be exactly those test sentences containing ac- 
cent II before and accent I after the clause boundaty which give this impression. This is 
also the environment with the largest difference in FO between analyzed and synthe- 
sized speech material. 

In our further synthetic testing of FO cues to boundary signalling, a version in accor- 
dance with the analyzed speech material with a relatively low FO before the clause 
boundary and a slightly higher FO after the boundary, i.e. without the special continua- 
tion rise, will usually give the most natural simulation of the intended boundary sig- 
nalling. 
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