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When we speak in a loud environment, we systematically increase the intensity and pitch, and 
change voice quality characteristics. This transformation, called Lombard effect, is an adaptation of 
speech to noise in order to increase the signal-to-noise ratio [1]. The precise realization of the 
adaptation is known to depend on the noise level, noise type and linguistic content [2, 3]. 
 

We present a novel methodology for analysis of quantitative and qualitative nature of 
Lombard speech and its interaction with focus structure of utterances. The method is based on the 
auto-regressive, convolutional WaveNet speech synthesis system [4] trained on a corpus of 
Lombard speech with Finnish utterances varying in noise type and its level as well as in focus 
structure (3 focus types; see [5] for the full description). The corpus recordings were downsampled 
and low-pass filtered with only prosodic characteristics of the original signal (such as f0 and energy) 
thus preserved.  
 

The influence of the noise and focus type was captured in the form of a conditioning 
embedding that was trained as a part of the WaveNet synthesizer. As the training material contained 
utterances from 21 speakers, another embedding was used to disentangle the effect of speaker on 
the synthesis. We will show that the resulting representation of the noise type, noise level and focus 
structure captures the effects of all of these influences on speech – as well as interactions among 
them – in an intuitively interpretable way. We will also compare the results of our analysis with the 
results of more traditional examination of the same corpus presented in [5]. 
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