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Distribution of /r/ in the material 

no stress stress stress, tense prepausal 

Fig. 1 .  Distribution of lrl in the material. 

ACOUSTIC REALIZATIONS OF 11-1 
The Swedish /r/ has earlier been treated in the literature by a number of researchers. The 
acoustic realization of the different /r/ sounds has been studied, and partly reported ear- 
lier (Nord, 1987). Although there is a fair amount of general knowledge about the 
acoustics of /r/, there is still a lack of data concerning the reduced forms and the acous- 
tics of retroflex coarticulation. At the acoustic level, several patterns will be seen which 
do not correlate in a very systematic fashion with the phonetic inventory. Sometimes 
reduced versions appear as an amplitude dip, an F1 dip, an F3 movement, etc. 

In order to clarlfy the picture, at least for one person's pronunciation habits, we made 
spectrograms of the /r/ sounds in the data bank and classified them according to acoustic 
criteria. These spectrograms were used in the design of synthesis patterns (see below). 

In our material we recognized five acou~tically different allophones that quite sys- 
tematically occurred in a number of different /r/-contexts: (i) a vocalic, sometimes very 
much reduced 11-1, mostly in VCV context, (ii) a fricative /r/ in initial prestressed syllable 
positions and in clusters containing a fricative or an unvoiced stop, (iii) a flapped /r/ af- 
ter voiced stops (cluster), (iv) an /r/ mainly signalled by a delayed formant transition 
rate in sonorant sequences, such as /rja/ /Ira/ and preceding unvoiced stops or fricatives, 
(v) /r/ in sentence final position, realized as a constriction followed by a release gesture. 

SYNTHESIS OF /r/-VARIANTS 
In this section we will give some explicit examples of synthesis rules. A vocalic /r/ was 
chosen as a base form for the synthesis. The target for each formant is 150 Hz lower 
than the neutral vowel. The F4 has a still lower value corresponding to a retroflex 
tongue position. The time constants for all formants were specified in such a way that a 
minimum was created for each formant in the middle of the segment. The parameter 
tracks can be seen in Fig. 3a. In this "default version" of /r/, a voiced source is used with 
a minimum value in the middle, just as for the formants. 
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Fig. 2 .  Source amplitudes for Ira:/, lfra:l, lkra:l, /bra:/. Frication sources are marked 
by AC and AH, voiced source is marked by AV. 

Our next step was to formulate rules for a fricative allophone. The /r/ was marked as 
fricative when occurring after unvoiced consonants, in word-initial position and in a 
prestressed position. The realization rule is very simple: give the source amplitude pa- 
rameters a time constant corresponding to the segment length and add a noise source. 
The voicing is also reduced at the sane time. Fig. 2b shows the excitation level slowly 
rising as the frication after the /f/ is decreasing. A similar pattern can be seen in Fig. 2a, 
where the /r/ occurs in initia. After an unvoiced stop, (Fig. Zc), the noise source is 
falling off during the whole segment, just as it did after the fricative. The frication is 
filtered by the formants and has a close similarity to aspiration noise. 

Next, a flapped /r/ that often occurs after voiced stops, is shown. We have chosen to 
synthesize it by making the duration short, and to have fast movements of the source 
amplitudes. No frication is added after the burst. 

So far, we have shown examples of rule-based adjustments that create specific vari- 
ants of the /r/ phoneme. The adjustments have been accomplished by source variations 
only. The next form is an example of a change in the formant pattern. Fig. 3c shows 
control parameters for an intervocalic /k/. A combination with the intervocalic /r/ allo- 
phone, Fig. 3a, will not create a good Irk/ cluster. The first formant transition will be 
unnatural and result in poor synthesis quality. By adding a rule that adjusts the time 
constant for the first formant, we get a realistic slow fall of the formant into the occlu- 
sion of the consonant (Fig. 3b). If the dip in the middle of the /r/ had been kept, we 
would have had the beginning of a schwa vowel insertion. More specific rules for vowel 
insertions are under development. 
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Fig. 3 .  Formant parameter tracks for laral, larkal, and lakal. 

We have tried to illustrate how a sequence of a few coarticulation rules can model 
some important variants of the Swedish /r/ phoneme. Additional work will incorporate 
more allophones used by our reference speaker as well as some dialectal variants. 
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