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ABSTRACT

This study investigated speaker idiosyncrasy in
intensity and mouth opening-closing variations using
an English corpus containing both acoustic and
articulatory data (19 speakers X 59 read sentences).
The speeds of intensity as well as mouth
opening-closing movements were calculated and
summarized in terms of the mean, standard
deviation, and pairwise variability index per
sentence. Multinomial logistic regressions were used
to test the speaker effect and evaluate the amount of
between-speaker variability explained by each
measure. [t was found that all measures showed
significant speaker effect. Moreover, the measures
pertaining to the speeds of intensity and mouth
opening-closing movements explained more
between-speaker variability in English.
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1. INTRODUCTION

People differ in how they speak and what they sound
like. The major processes in speech production —
phonatory and articulatory activities — all contain
speaker idiosyncratic information; such speaker
idiosyncrasies leave traces in the speech signal and
are thus measurable acoustically (see [1] for a
general review). Salient  between-speaker
variabilities in various temporal acoustic features
have been explained in terms of speaker
idiosyncratic articulatory movements (e.g., [2, 3] for
duration variabilities; [4, 5] for formant variabilities;
[6, 7] for intensity variabilities,). This paper focuses
on between-speaker variability in intensity
variability and corroborates it from the articulatory
movements of the mouth.

We followed the method for examining
between-speaker intensity variability developed by
He and Dellwo [7], who partitioned the intensity
curve into rising and falling segments between peaks
and troughs (peaks were identified between syllable
boundaries; troughs were identified between peaks).
The speeds of intensity increases and decreases for
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all rising and falling segments' were calculated using
the Zurich German TEVOID corpus [2, 3]. They
found that the speeds of intensity decreases
explained more between-speaker variability than the
speeds of intensity increases across an utterance [7].
Similar results have been obtained from a Thai
corpus [8]. The authors suggested that speakers
might differ more in mouth-closing movements [7,
8], as a high degree of covariation between intensity
and mouth aperture size was observed [9]. Similar
results were obtained from the same Zurich German
corpus by calculating the first formant variability,
another acoustic feature that covaries with mouth
opening and closing movements [5].

For the current study, we aim to (1) investigate
whether the speeds of intensity decreases also
explain more between-speaker variability in English,
and (2) whether the findings from intensity
variations can be supported by the speeds of mouth
opening-closing movements.

2. METHOD

2.1. Corpus

The sentence-reading part of the EMA-MAE corpus®
[10] was used. Twenty native speakers of American
English were enrolled; each participant read 59
sentences. Both articulatory and acoustic data were
recorded  simultaneously (The NDI  Wave
electromagnetic articulograph; Fs p; = 400 Hz;
Fs e = 22.05 kHz). After data cleaning, 19
speakers (9F, 10M) were kept with 1108 analyzable
sentences in total.

2.2. Data Preprocessing

The intensity curve of each sentence was extracted
using the Praat [11] function “Sound: To
Intensity...” with default settings®. The intensity
curve was then normalized such that the average
intensity equated to 65 dB (SPL).

The mouth opening-closing movements were
characterized using three NDI sensors at the upper
lip (UL), lower lip (LL) and lip corner (LC), as
indicated in Fig. 1. The area of the triangle formed
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by these three sensors was used to estimate the
magnitude of mouth opening (abbreviated as MO
henceforth) at each instant in time based on the x, y
and z coordinates of these sensors [15]*. The
resultant MO curve was smoothed by low-pass
filtering at 10 Hz.
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Figure 1: An illustration of estimating the mouth
opening-closing movements from three NDI sensors at
the upper lip, lower lip, and the lip corner. Endnote 4
shows the formula.

Syllable boundaries were placed using the BAS
Web Services’. First, the WebMAUS Basic [12, 13]
was used for phonemic transcriptions based on the
acoustic signals and orthographic transcriptions. The
annotations were saved in the BAS Partitur Format
(*.par). The *.par files were then submitted to
Pho2Syl [14] for the syllabification processing;
syllable boundaries were saved in Praat TextGrids.
The boundaries were cross-checked by the authors.

2.3. Speeds of change in intensity and mouth
movements

For each sentence, the speeds of increase and
decrease in intensity and mouth movement
magnitude were calculated (i.e., the steepness of the
arrows in red, purple and caramel in Fig. 2). For
intensity changes, the peaks were pinpointed
between syllable boundaries and the troughs were
identified between consecutive peak points (see Fig.
2(a), the peak points were indicated by blue down
arrows, and the trough point was indicated by a blue
up arrow). The speeds of intensity increases from a
trough point to its consecutive peak point (i.e., the
steepness of the upward arrows in Fig. 2(a)) is
notated as v_I[+]; the speeds of intensity decreases
from a peak point to its neighboring trough point
(i.e., the steepness of downward arrows in Fig. 2(a))
is notated as v_I[-].

For the speeds in MO increases and decreases,
two methods were followed: (1) the syllable-based
method and (2) the derivative-based method.

Re (1) the syllable-based method: Similar to
v I[+] and v_I[-], MO peaks were identified
between syllable boundaries, and MO troughs were
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detected between peaks (see Fig. 2(b), the MO peaks
were indicated by blue down arrows, and the trough
point was indicated by an blue up arrow). The
speeds of increases from an MO trough to its
following peak (i.e., the steepness of the upward
arrows in Fig. 2(b)) is notated as v_MO,y[+]; the
speed of MO decrease from a peak to the next trough
(i.e., the steepness of the downward arrows in Fig.
2(b)) is notated as v_MOy,[-].

Re (2) the derivative-based method: The first
derivative of the MO curve (abbreviated as derMO
hereafter) was approximated in terms of the
difference between the (n+1)™ and the n™ samples.
An MO peak was pinpointed where the derMO
crossed zero with a downward trend; an MO trough
was pinpointed where the derMO hit zero with an
upward trend [16] (Fig. 2(d) indicates the peaks by
blue down arrows, and a trough by an blue up
arrow). This captured all local flexions in MO. The
speed of local trough-to-peak increase (i.e., the
steepness of the upward arrows in Fig. 2(d)) is
notated as v_MOg,[*+]; The speed of local
peak-to-trough decrease (i.e., the steepness of the
downward arrows in Fig. 2(d)) is notated as
V_MOder[_]'

MO speeds calculated using the first method
focus on macroscopic MO movements within the
frame of syllables, while MO speeds calculated
using the second method focus on a finer scale of
MO movements.

2.4. Variables calculated from the speeds of change in
intensity and mouth movements

(a) Variables based on v_1|+] and v_I|-] Each
sentence contains a number of v_I[+]s and v_I[-]s.
Their central tendencies, dispersions and sequential
variabilities were calculated in terms of the means,
standard deviations, and pairwise variability indices®
ad modum He and Dellwo [7]: mean vI[+],
stdev_vI[+] and pvi_vI[+], as well as mean_vI[-],
stdev_vI[-] and pvi_vI[-].

(b) Variables based on v_MOgyl+] and
v_MO,,[-] Similarly, each sentence contains a
number of v_MOy,[+]s and v_MO,y[-]s. Their
means, standard deviations, and pairwise variability
indices  were calculated: ~ mean_vMO,,[+],
stdev_vMO,,[+] and pvi_vMO,,[+], as well as
mean_vMO[-], stdev_vMO,,[-] and
pvi_vMOg,[-].

(c) Variables based on V_MOg.[+] and
v_MOy.[-] In the same manner, the means,
standard deviations and pairwise variability indices
were calculated based on v _MOg,[+] and
v_MOy.[-] for each sentence: mean VMOg,[+],
stdev. vMOy.[+] and pvi vMOg,[+], as well as
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