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Using models to evaluate wnhetner spectral centroid could play a

ole In FO and VL perception In acoustic and electric hearing

Ntroduction

Voice differences are useful for listen-
ers to discriminate competing sen-
tences (Brungart, 2001, Darwin et al.,
2003, Baskent and Gaudrain, 2016;
see Figure 1). The perception and dis-
crimination of voices relies on two prin-
cipal cues: the fundamental frequency
(FO) and vocal-tract length (VTL). FO is
related to voice pitch. VTL is related to
the size of the speaker and affects the
spectral envelope such that all the
formants are shifted by the same ratio
when VTL is changed (Figure 2).
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A Figure 2 — Schematic spectrum of an idealized vowel
(vertical bars) and the spectral envelope (dashed line),
for different voice manipulations.

While normal-hearing (NH) listeners have
good access to these cues, cochlear-im-
plant (Cl) users show much enlarged dis-
crimination thresholds along these dimen-
sions (Figure 3). This deficit, especially
along the VTL dimension, is likely respon-
sible for difficulties in identifying speaker
gender (Massida et al., 2013, Fuller et al.,
2014) and in taking advantage of voice
differences in competing voices (Stickney
et al., 2004, 2007).

Yet, the underlying mechanisms of VTIL
perception remain largely unknown. A first
theory is that VIL requires phonological
knowledge as it occurs at a processing
stage that follows phonetic categoriza-
tion. In this theory, VTL perception would
e achieved during an interactive speaker
normalization process where linguistic
and indexical cues interact. Some evi-
dence supporting this theory is provided
by studies showing that listeners are
pbetter at recognising speakers in their
own native language (e.g. Koster and
Schiller, 1997), or by studies showing that
speaker adaptation is a dynamic process
(e.g. Ladefoged and Broadbent, 1957). A
second theory is that VIL perception is
independent of language (pre-categori-
cal; Sjerps et al., 2013). This theory is par-
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A Figure 1 — Effect of voice difference on

speech-on-speech intelligibility (adapted from Baskent
and Gaudrain, 2016).
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A Figure 3 — VTL (top) and FO (bottom) just-notice-
able differences (JNDs) for NH (purple) and CI
(yellow) listeners. The dashed line shows the av-
erage for Cl listeners (from Gaudrain and
Baskent, 2015).

ticularly appealing to psychoacousticians
as, according to the acoustics terminolo-
gy, VIL should be a component of timbre,
iIndependent of language. As such, it has
been suggested that VIL perception
could rely on the spectral centroid (or
spectral center of gravity), which is a
common factor in multidimensional scal-
ing of timbre perception (e.g. Marozeau et
al., 2003).

The objective of the present study is to
determine whether spectral centroid
could be a plausible cue for VTL percep-
tion, first in NH listeners, and then in CI
listeners. While VTL undoubtedly affects
the spectral centroid, the very nature of
the speech signal also warrants that the
spectral centroid varies with phonetic
content. Over the course of a natural ut-
terance, the observer Is thus exposed to
not a unique spectral centroid value, but a
whole distribution. Using various defini-
tions of spectral centroid, the width of
these distributions was evaluated in order
to estimate whether the JNDs reported in
Figure 3 could be explained, according to
a signal-detection theory model.

Nethods
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The following methods were imple-
mented:

Inear frequency, power
og frequency, power
iInear frequency, dB

og frequency, dB
gammatone, power (gtfb)
neural activity pattern (hcl)
— Marozeau et al., 2003

Except for the last one, all centroids
were calculated every 30 ms.
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A Figure 4 — Spectrogram of the syllable /fa/ with spectral centroid

time courses superimposed. See text for different colours.

The spectral centroid was calculated using 7 different meth-

ods. Spectral centroid is defined by the formula on the right.

The weights w and the frequency f can be expressed in various
units that lead to different centroid values. For each method,
distributions were obtained over the corpus of 61 Dutch
CV-syllables used to obtain the JNDs shown in Figure 3.
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A Figure 5 — Spectral centroid distributions for various calculation methods. In each panel, the red curve shows the
distribution of the original corpus, while the green and blue curves show the distribution for negative and positive
VTL differences corresponding to the NH JNDs (corresponding to a perceptual d” of 1). The corresponding d”’ esti-
mates are shown in each panel. FO differences did not lead to any discernable distribution difference.

V¥ Table 1 — d’ estimates for a 22-channel vocoder simulation and

the Cl UNDs. The spectral centroid was calculated using the chan-

nel envelopes, either in linear power, or in dBs.

Centroid type AVTL=-7.19 st AVTL =7.19 st

0.257
0.163

0.313
0.235

Channel number, power

Channel number, dB

Centroid type AFO = -9.19 st AFO =9.19 st

0.150
0.118

Channel number, power
Channel number, dB
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