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Abstract

The “Lombard effect” describes speakers’ tendency to increase their
vocal effort when communicating in noise [1]. Most often, the Lombard
effect is examined in terms of acoustic parameters such as pitch, dura-
tion, and spectral amplitude (e.g., tilt/slope, formants) [2, 3]. However,
these parameters offer limited insight into voice quality, such as “tense-
ness” associated with increased vocal effort. Acoustically, one of the
most significant indicators of tenseness relates to features of the glottal
excitation signal: specifically, perceived tenseness of a voice is linked to
a decrease in the glottal spectral tilt (i.e., slope) [4]. Unlike typical anal-
yses of the Lombard effect, the work in [5] explicitly examines glottal
source parameters. Unfortunately, glottal source estimation is a chal-
lenging and delicate problem. Consequently, the present work seeks to
offer an alternative analysis framework that can also isolate contribu-
tions of the excitation source (from the vocal tract), but without explicit
glottal source modelling. In particular, phase distortion (defined below)
is used to highlight differences in voice quality, focusing specifically on
the relative tenseness of Lombard speech compared to Normal speech.

The phase distortion is defined here as the group-delay with the in-
fluence of linear phase component removed. To calculate it, a harmonic
model with pitch-synchronous analysis [6] is used. First, the minimum
phase contribution of the vocal tract filter is removed from the instan-
taneous phase of the sinusoidal parameters. Then, using phase differ-
ence and antidifference operators, the linear phase component is also
removed from the measurement. What remains after this processing is
phase distortion, which depends only on the shape of the glottal sig-
nal. This computation has been already proposed for the estimation of
glottal model parameters and emotional valence detection [7, 8]; that is,
the link between this phase distortion and voice quality has been estab-
lished. In the context of Lombard speech analysis, the variance of this
phase distortion (calculated across 2 pitch periods and averaged with an
ERB scale) is more interesting than the phase distortion itself, since it
reveals the stability of the sinusoidal components in the time-frequency
plan. Specifically, the boost of glottal source energy above aspiration
noise levels at high frequencies (in voiced segments) can be clearly ob-
served by examining the phase distortion variance (see Figure 1).

Figure 1 shows an example of aligned Normal and Lombard speech,
along with the corresponding spectrograms and phase distortion vari-
ance. First, note that for the unvoiced,“noisy” parts of both the Nor-
mal and Lombard speech, the phase distortion variance is large for all
frequencies. Now, considering the voiced speech segments, it can be
seen that the phase distortion variance is large for the upper part of the
spectrum (high frequencies) of the Normal speech and small for lower
frequencies. On the other hand, for the Lombard speech, the phase
distortion variance remains relatively low across all frequencies for the
voiced segments. This effect can be seen most clearly comparing the
segments before 0.4 and after 0.8 seconds. Referring back to previous
discussions, the lower phase distortion variance indicates the boosting
of glottal spectral energy above aspiration noise for tense voices. Thus,
the phase distortion variance is effectively confirming the tenseness in
the Lombard speech.

In addition to identifying tenseness in Lombard speech, the frame-
work for the present analyses could potentially be extended to synthe-
size speech with different voice quality. That is, we observe the tense-
ness of Lombard speech in relation to decreased phase distortion vari-
ance. So, by reducing the phase distortion variance, can we synthesize
a voice that is more tense (admittedly, a difficult task)? Furthermore, in
terms of the Lombard effect, the present work clearly shows differences
in voice quality between the Normal and Lombard speech, but these
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observations beg the question: how do differences in voice quality in-
fluence speech intelligibility?
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Figure 1: Lombard and normal speech samples with waveform, spec-
trogram and phase distortion variance
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The Lombard Effect & Voice Quality

e The Lombard effect characterizes increased vocal effort of a speaker
communicating in a noisy environment [1].

e The tenseness of Lombard speech is directly related to characteristics
of the glottal excitation, specifically the slope of the glottal spectrum

e Unfortunately, glottal source parameter estimation is a delicate and chal-
lenging problem [2].

e The phase distortion presents an alternative signal analysis (without
explicit glottal source modeling) that identifies voice quality , such as
tenseness.

Phase distortion and Its variance

Signal Model
Full-band Adaptive Harmonic Model (aHM) (similar to [3])
K t
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ai(t) complex function of amplitude and instantaneous phase interpolated
from anchor values a} estimated through LS solution at time ¢,
We assume that a} can be decomposed as Iin [4]:
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e/¥n - Linear-phase dependent on the window position.
gr . The glottal pulse shape
ct : The Vocal Tract Filter (VTF)

Phase Distortion

Proposed for glottal model param estimation and emotional valence detec-
tion [4, 5] = Link between &7’ and voice quality has been established.
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a; are the coefficients of the minimum-phase residual computed from a}

1) a} 1s independent of the VTF amplitude

2) a;. ,/a} allows for a similar representation as the group-delay

3) The normalization by a!' removes the influence of the window position ¢,,
= Only the glottal pulse shape g; influences ¢}

Phase Variance
(‘PZ)Q = var;(P;) = —2log (‘M E exp(7P;; )D

meB

B set of ¢} values in a 2 pitch period window around ¢,, (M = |B]).

lllustration of Phase Distortion
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Low phase distortion variance =- deterministic speech components.

e O Is relatively smooth in voiced segments at high frequencies compared
to the erratic colors present in unvoiced segments (t = 1.1 and ¢t = 1.3).

but still

o U7 Is low mainly below 4kHz in voiced segments.

U?: Normal vs. Lombard speech

e Tenseness of voice linked to the flattening of the glottal spectrum  [6].
o Lower ¥} indicates boost of glottal energy above aspiration noise

e Comparing [0.3s; 0.4s] and [0.8; 1] between Normal and Lombard
speech, we therefore observe a tenser voice in the Lombard speech.
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Perspectives

e TO test on a large corpus.

e Could be extended to synthesize speech with different voice quality.
e How do differences in voice quality influence speech intelligibility?
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