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1 Introduction 

To achieve high performance in a speech recogmtIOn system, appropriate 
modelling of the variation of the speech signal is essential. Different factors 
contribute in creating variability in the pronunciation of an utterance. In this 
report, we will discuss the effect of fluctuations in the time synchronisation 
between different articulators. A transition between two phonemes very often 
involves movements of more than one articulator. At the phonological level, 
these may be regarded as simultaneous, but at the acoustical level it is often 
observed that the synchronisation between articulators vary among speakers and 
even for the same speaker at different occasions. The effects on the speech signal 
of this articulatory inter-timing variation can be quite large. 

Several examples can be given of acoustic effects that are dependent on the 
timing between simultaneously moving articulators Preaspiration of vowels 
occurs before unvoiced consonants if the vocal folds open before the place of 
articulation for the consonant is reached. In the same way, pre-nasal vowels get 
nasalized if the nasal passage opens before the other articulators reach the target 
of the consonant. Finally, a vocalic segment occurs between adjacent consonants 
if the release from the first consonant precedes the closure of the second one. If 
the release occurs after the closure, there will be no such segment. 

An example of a phoneme boundary where two separate gestures are active is 
shown in figure 1. The figure shows two spectrograms of the Swedish word 'tre', 
(English: three) spoken by two male speakers. The phonetic transcription is 
[tre:]. The vowel is gradually neutralized, similarly for both speakers. The point 
of devoicing is different, though. Speaker 1 keeps a steady voicing throughout 
the neutralisation gesture, whilst speaker 2 aspirates the last part of the voweL 
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An early opening of the vocal folds in this example shortens the voiced part of 
the vowel and prolongs the duration of the aspirative segment. Also, the spectral 
properties of the aspiration will be changed. The tongue will have moved a 
shorter distance towards its target at the start of aspiration and the spectral shape 
immediately after the aspiration onset will be different compared to the same 
point in a boundary with a late opening. 
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Figure 1. Spectrograms of the word [tre:] for two male speakers, speaker 1 (left) 

and speaker 2 (right). 

2 Recognition appproach 

Common techniques for handling timing variability in recognition systems are 
dynamic time-warping and Hidden Markov Modelling (Mariani, 1989). They are 
able to compensate for a non-linear tempo variation between two utterances. The 
stretching and compression of the time scale that these techniques perform, 
implies an equal time transformation of all the underlying articulatory 
parameters. Therefore, they cannot handle very well utterances that differ in 
parameter inter-timing. 

In this report, we have used optional rules to describe the effect of varying 
parameter inter-timing. Each rule operates on the phonetic transcription and 
generates a set of pronunciation alternatives at certain phoneme boundaries. 
Within the set, the delay between the parameters is varied systematically. In this 
way, a quantitative, as well as a qualitative, description of the articulator 
asynchrony effect is obtained in the form of a subphonetic network. 

The result of a rule applied on the given example of vowel devoicing is shown in 
figure 2a. The tongue movement, described by interpolated formant values, and 
the voicing-aspiration transition are represented in the horizontal and the vertical 
axes, respectively. They are quantised into a low number of steps. Different 
delays of voicing offset relative to the start of the tongue movement are 



represented by vertical lines at varying horizontal positions. The duration of the 
voicing transition is considered to be short compared to the tongue movement, 
and therefore there is no need for diagonal connections in the lattice. 

3 Recognition system description 

The recognition system used for this experiment has been described in more 
detail by Blomberg (1989). It uses dynamic programming for finding the optimal 
path through a finite-state network of subphonemic spectra. Unlike other 
recognition systems, the reference data have not been created by training, but by 
a formant-based speech production algorithm. The coarticulation component is 
used for generating the various inter-timing branches described above. The 
output from this module is a network of subphonemes, each described by a set of 
synthesis parameters. The final step is to compute prototype spectra from these 
parameters at each state. 
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(a). A sub-phoneme network representing varying parameter inter-timing in the 

transition between a vowel and an unvoiced consonant. 
(b). Chosen paths for speakers 1 and 2 through the network of the last part of 
[e:} in [tre:}. State values of the second formant frequency in kHz are shown. 

4 Pilot experiment 

In a pilot experiment, we studied the proposed method's behaviour in two cases 
of different parameter inter-timing values. The two utterances shown in figure 1 
were used for testing. As performance criterion, we used the resulting spectral 
error when trying to align the utterance to their phonetic transcriptions. We also 
studied the chosen path through the network in the two cases. To model 
aspiration of the final vowel, we implemented a subphoneme lattice similar to 
figure 2a, where the consonant in this case is the phrase-end symbol. This 
symbol is marked in the phoneme library as unvoiced and having neutral 
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fonnant targets. The speech signal was analysed by a computer-implemented 16-
channel Bark-scale filter bank covering a frequency range from 0.2 to 6 kHz. 
The frame interval was 10 ms and the integration time was 25.6 ms. 

5 Result 

The chosen paths through the network for the two utterances are shown in figure 
2b. The predicted, interpolated value of the second fonnant is displayed for 
every subphonemic state. The path for speaker 1 shows a voicing offset at a later 
stage of formant transition than that of speaker 2. This conforms well with the 
spectrogram displays in figure 1. The accumulated spectral distance around the 
phoneme boundary was compared with the distance of two fixed-delay sub
phoneme strings, having early and late voice offset, respectively. The results in 
table 1 show that the proposed method works well for both speakers, whereas 
each of the preset delay values gave low distance for one speaker only. 

Table 1. Accumulated spectral error in arbitrary units over the final transition 
interval of the two vowels in figure 1. Three allowed positions of voicing offset 
relative to the start of the formant transitions. 

Early pos. Late pos. Variablepos. 

Speaker 1 165 133 133 

Speaker 2 110 160 111 

6 Conclusions 

The proposed method was successful in adjusting for varying parameter inter
timing values in the pilot experiment. However, it just serves as an illustration of 
the ability of the technique. Further experiments in a complete recognition task 
are necessary to show if the accuracy is improved by the proposed method. The 
technique is expected to increase the robustness of a recogniser, since it is able to 
predict infrequent manners of speaking that might not occur during training. 
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