
A5pSC23: Acoustic Correlates of Non-modal Phonation in Telephone Speech

                              Tae-Jin Yoon*, Jennifer Cole *, Mark Hasegawa-Johnson**, & Chilin Shih*
                         Department of Linguistics*; Department of Electrical and Computer Engineering**
                                                    University of Illinois at Urbana-Champaign
                    149th Meeting of the Acoustical Society of America, 16-20 May 2005, Vancouver, Canada

                 Abstract
 Non-modal phonation conveys both linguistic and paralinguistic information, and is distinguished
        by acoustic source and filter features. 
 Detecting non-modal phonation in speech requires reliable F0 analysis, a problem for telephone-
        band speech, where F0 analysis frequently fails. 
 An approach is demonstrated for the detection of creaky phonation in telephone speech based on 
        robust F0 and spectral analysis.
 The F0 analysis relies on an autocorrelation algorithm applied to the intensity-boosted and inverse-
        filtered speech signal and succeeds in regions of non-modal phonation where the non-filtered F0 
        analysis typically fails. 
 In addition to the extracted F0 values, spectral amplitude is measured at the first two hormonics (H1, 
        H2) and the first three formants (A1, A2, A3). 
 Visual and spectral inspection of the detected creaky phonation confirms the findings reported from 
       other laboratory studies, and statistically significant difference between creaky phonation and modal 
       phonation has been found. 

               Introduction
 Speech sound produced via vibration of the vocal folds and filtered through the vocal tract conveys 
  both linguistic and paralinguistic information. 
   Fundamental frequency (F0) and harmonic or spectral structures are important factors in 
           encoding lexical contrast and allophonic variation related to laryngeal features including tone.
   They also play an important role in the expression of prosodic features of stress and intonation.
    (Epstein 2002)
   Shifts in F0 and voice quality can signal emotional state or affect, as for example the expression 
    of boredom signalled by creaky voice, or intimacy signalled by breathy voice (Ní Chasaide & 
    Gobl 2004) .
 It has been widely noted that there is a relationship between F0 and voice quality. For example, Hindi 
  breathy voiced stops are distinguished by a lowered F0 at voice onset following release (Ohala 1973). 
 However, F0 is not always a strong indicator of voice quality, as shown by studies of English that fail 
  to show a strong correlation between any glottal parameters and F0 (Epstein 2002).
 On the other hand, information obtained from spectral structure has been shown to be reliable for
  the discrimination of non-modal from modal phonation. 
   Gordon and Ladefoged (2001) describe the characteristics of creaky phonation as having non-
    periodic glottal pulses, lower power, lower spectral slope, and low F0. They report that spectral 
    slope is the most important feature for discrimination between different phonation types.
   Ní Chasaide & Gobl (1997) characterize creaky phonation as having extremely low F0 and 
    irregular glottal pulses. Significant spectral cues to creaky phonation are (1) a very dominant 
    A1 (e.g., amplitude of the strongest harmonic of the first formant) relative to H1 (i.e., amplitude 
    of the second harmonic) higher than H1.
 

             Research Question
 Spectral structure, in particular the relative amplitude of the lower harmonics, is an important cue 
  for voice quality identification. 
 Extraction of harmonic structure, in turn, requires reliable extraction of F0. 
   For low fidelity recordings, such as those charateristic of telephone speech, reliable F0 analysis 
    is a major challenge. 
   An added problem in the analysis of spectral structure is the effect of pitch variation. Spectral 
    measurements are sensitive to differences in pitch that can amplify or attenuate the amplitude 
    some harmonics.
 This challenge is addressed in this study, which presents a method for the extraction of F0 and 
  harmonic structure that proves effective for telephone speech, and that demonstrates the usefulness 
  of these acoustic features for voice quality identification.
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 One possible reason for the absence of a Phonation Type effect on H2 is that while the variation of 
   H1 is large, the variation of H2 is relatively small.
   Figures 12 and 13 are illustrations showing long term average spectra (Ltas) from two 
    different speakers for modal voice (Figure 12) and creaky voice (Figure 13) regions of 
    the same word table. 
   Even though the two voice qualities differ in H1-H2 values, H2 is relatively similar (around 25 
    to 30 dB) in both Figure (12) and Figure (13).

         Figure 12: H1-H2 for a modal voice sample   Figure 13: H1-H2 for a creaky voice sample

         Discussion and conclusion
 When F0 is reliably extracted, acoustic correlates of creaky phonation can be observed through
   harmonic structure, even with telephone speech. 
 The results of analysis of creaky phonation from telephone speech are in line with the previous 
  results obtaned from laboratory speech (e.g., Ni Chasaide & Gobl 1997).
 The promising results suggest the viability of automatic detection of non-modal phonation from 
  speech data. However, creaky phonation is just one of many types of voice quality found in natural 
  conversational speech. 
 For example, tense phonation (a.k.a. pressed phonation) and creaky phonation share considerable
  similarity in spectral features. 
 If the pulse-to-pulse variability is ignored, the distinction between tense and creaky phonation is 
  difficult to make (Ni Chasaide & Gobl 1997).
 The features used in this experiment are primarily those extracted from the frequency domain. 
 We are currently improving our algorithm for detecting creaky phonation by incorporating features
  taken from the time domain in order to discriminate creaky phonation from tense phonation. 
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  Feature Extraction: F0 and Spectral cues
 Extraction of F0 and spectral features is done using Praat (Boersma & Weenink 2005), following the
  algorithm diagrammed in Figure (1). 
  Note: 
   Intensity measures are not directly evaluated in this experiment.
   The measurements are extracted from a windowed signal of 50 ms. intervals.
                                                                                                     

            Figure1: Diagram of feature extraction algorithm

 The extracted F0 and spectral features are evaluated in relation to the perceptually-based labels of
  creaky vs. modal phonation for a total of 300 sound intervals in the 200 files we selected in the
  WS97 subset.
   While this study is focused on the acoustic correlates of perceived creaky voice in our data, we
    recognize that other types of non-modal phonation such as tenseness or pressed voice may also 
    occur in the corpus.
                                                                                   

                                                                                   

                     Figure 2: Waveform of an utterance ‘yeah that’
                                                                                    with perceived creaky phonation or glottalization
                                                                                    in the time interval from 0.665 to 0.765 seconds.

                                                                                  

                    Figure 3: plots of F0 (above), H1-H2 (mid), and H1-A1
                                                                             (below) for the utterance ‘yeah that’ obtained from the 
                                                                             algorithm diagrammed in Figure 1 from the waveform
                                                                             in Figure 2.

                Corpus
 Switchboard is a corpus of spontaneous telephone conversation between strangers (Godfrey, 
     Holliman, & McDaniel 1992). The quality of the recorded speech, which is sampled at 8kHz, is 
  much inferior to speech samples recorded in the phonetic laboratory. 
 As noted by Taylor (2000), pitch tracking algorithms known to be reliable for laboratory-recorded 
  speech often fail to extract an F0 during regions perceived as voiced in data from the Switchboard 
  corpus. 
 Our analysis is based on the Switchboard files in the WS97 subset for which there are hand-corrected
  word- and phone-aligned transcriptions. About 200 files were identified as containing regions of 
  non-modal, creaky phonation. 
 Phonation quality was perceptually assessed on the basis of visual inspecton of the spectrogram and 
  waveform, and listening. 
 Out of these 200 files, we selected 160 intervals of modal phonation and 140 intervals of creaky
  phonation for acoustic feature analysis.

             Statistical Analysis
 Results from separate one-way ANOVAs for each acoustic feature with the independent factor
  Phonation Type (creaky, modal) are given in Table (1), where degrees of freedom are 1 for between
  groups and 298 for within groups.
 These results show a significant effect of Phonation Type for every feature except H2, as is illustrated
  by bar plots of each feature from Figure 4 to Figure 11.
 These results, based on perceptual labeling of prototypical creaky and modal examplars, are in line 
  with findings from previous acoustic studies (e.g., Ní Chasaide & Gobl 1997).

    
                 Table 1: ANOVA results                        Figure 4: Bar plot of F0                  Figure 5: Bar plot of H1

                 
    Figure 6: Bar plot of H2             Figure 7: Bar plot of H1-H2        Figure 8 : Bar plot of Spectral Slope

           
    Figure 9: Bar plot of H1-A1    Figure 10: Bar plot of H1-A2     Figure 11: Bar plot of H1-A3

   
  


