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Introduction

When concurrent acoustic signals are produced from dif-
ferent sources, their evolution in the spectro-temporal do-
main is independent. Each signal may however contain
short-term spectral events with a common modulation
of amplitude across time. This comodulation may be
helpful for building auditory streams. When the inform-
ation that is processed by two spectral channels share a
common amplitude modulation, the auditory system may
group these events together into a single auditory object
whereas when their modulations differ, they would be
parsed into different representations.

There is evidence that human listeners are able to per-
ceive the correlation of amplitude modulated signals
between spectral channels. When 2 to 5 sine-wave modu-
lated narrow-band signals that differ in centre frequency
are produced with phase synchrony in one interval and
without synchrony in the other one, listeners can discrim-
inate between the intervals [1, 2]. This result provides
evidence that the auditory system is able to process mon-
aural envelope correlation, at least with a small number
of sine-wave modulated signals in a discrimination task.

However, little is known about the role of cross-channel
correlation for processing complex auditory signals in
multi-source environments. If the availability of envel-
ope correlation can help processing such auditory scenes,
it is crucial to investigate the actual availability of envel-
ope correlation in natural signals. The present investig-
ation aims at identifying amplitude envelope correlation
between spectral bands in natural speech signals by in-
vestigating their availability in various amplitude modu-
lation channels.

Method

The aim of this analysis was to investigate the availab-
ility of amplitude envelope correlation between spectral
channels in natural speech signals. Amplitude modula-
tion was computed for 5 different channels: 0 – 4 Hz,
4 – 8 Hz, 8 – 16 Hz, 16 – 32 Hz and 32 – 64 Hz in each
spectral band. Due to the obvious relationship between
amplitude envelope and syllabic rhythm, it is expected
that the correlation between spectral channels should be
stronger for the lowest amplitude modulations (0 - 4 Hz)
than for higher ones (from 4 – 8 Hz to 32 – 64 Hz). It
is also expected that correlation coefficients should be
stronger for close spectral bands.

Table 1: Centre frequency (and Bandwidth, in Hz) of each
filterbank channel (the numbers on the left are the channel
identifiers used in Tables 2 to 6).

[1] 132 (112) [5] 1605 (814)
[2] 277 (177) [6] 2590 (1155)
[3] 548 (366) [7] 4102 (1871)
[4] 965 (467) [8] 6427 (2779)

PSfrag replacements

Frequency (Hz)

F
ilt

er
R
es

p
o
n
se

(d
B
)

0 2000 4000 6000 8000 10000
-50

-40

-30

-20

-10

0

Figure 1: Graphical representation of the 8–channel filterb-
ank response

Material

Thirty 4-digit sequences uttered by male speakers were
randomly selected from the TI-Digits database [3]. This
database is made of continuous digit sequences pro-
nounced by several American-English speakers in a quiet
environment. The TI-Digits sound files are digitized at
20 kHz (16 bit quantization).

Signal processing and analysis

Stimuli were first down-sampled by a factor of 64. They
were then passed through an 8-channel FIR filterbank
of approximately 1 octave bandwidth with few overlap
between filters (cf. Table 1 and Fig. 1). Amplitude en-
velope was then extracted within each frequency channel
by means of a Hilbert transform and half-wave rectified
to remove any negative values.

Amplitude modulation channels were then selected by
low-pass (0 – 4 Hz) or band-pass filtering (4 – 8 Hz, 8 –
16 Hz, 16 – 32 Hz, 32 – 64 Hz) of the resulting envelope.

Estimates of the correlation between the amplitude of en-
velope signals were performed by computing the Pearson
product-moment correlation (r) [4] between pairs of spec-
tral bands within each modulation channel. Series of one-
tailed t-tests were then performed to check whether each



of these coefficients were significantly greater than .50.

Results

Results are depicted in Tables 2 to 6. Correlation coef-
ficients that are significantly greater than .50 are prin-
ted between square brackets. Non-significant coefficients
appear in gray. Within the 0 – 4 Hz interval, strong
amplitude envelope correlations are observed between all
channel pairs. Each of the computed coefficients is sig-
nificantly higher than .50 (p < .05), which confirms the
hypothesis that amplitude envelope correlation is avail-
able in natural speech signals.

The observed correlation patterns differ for the remaining
amplitude modulation channels (from 4 – 8 Hz to 32 – 64
Hz). Several of the observed coefficients do not reach the
significance threshold. However, most if not all coeffi-
cients along the diagonal prove to be significantly higher
than .50. Therefore, though not all channel pairs exhibit
a tendency to comodulate in amplitude when higher amp-
litude modulations are taken into account, pairs of adja-
cent channels are still highly correlated to one another.

Discussion

As argued in the introduction, the availability of mon-
aural amplitude envelope correlation between spectral
channels may help organize acoustic events into single
auditory objects by providing a means to group together
sound components that were produced by a common
source. Though this research work does not provide any
evidence that human listeners may perform such com-
puting, several previous results may be explained by the
ability of human listeners to take amplitude modulation
correlation into account for the analysis of complex aud-
itory scenes [5, 6, 7].

Dissociations between the 0 – 4 Hz modulation channel
and higher ones should be investigated further. This
is possible that the latest were simply due to overlap
between spectral bands. However, the 8 channel filter-
bank was built so to minimize the possibility that the
same acoustic information would strongly contribute to
two adjacent channels.

Eventually, though the 0 – 4 Hz channels data may seem
more promising at first, the remaining data look very
interesting as well for the understanding of auditory scene
analysis.
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