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Noise Shaping Based on Psychoacoustic Model
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Abstract - A psychoacoustic model based noise shaping
method is proposed, where noise’s presence with a host signal
will not be perceptually noticeable. The derivation of
imperceptible noise levels from the masking thresholds of the
signal involves a deconvolution associated with the spreading
function in the psychoacoustic model, which results in an il-
conditioned problem. In this paper, the problem is formulated
as a constrained optimization, and it is demonstrated that the
solution provides noise shaping where the noise excitation
level conforms to the masking thresholds of the signal.
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I INTRODUCTION

Noise shaping techniques have been widely employed in
many different applications such as the perceptual weighting
filter in Code-Excited Linear Predictive Coding (CELP), audio
coding based on psychoacoustic model, and watermarks or data
hidings for audio signals. Many of these applications exploit
the masking properties of the auditory system. In order to be
masked, the excitation levels of the target must fall below the
masking thresholds of the masker in the auditory domain (1],
[2). The derivations of imperceptible noise levels from the
masking thresholds of 2 host signal involve a deconvolution
associated with the spreading function in the psychoacoustic
model, which has been known as an ill-conditioned problem. It
often leads to artifacts such as a negative energy for a threshold,
zero thresholds, etc [1], [3]. In this paper, the inaudible noise
ievels are derived such that their excitation levels conform to
‘he masking threshold of the host signal by formulating the
oroblem as a constrained optimization.

I[I. DERIVATION OF INAUDIBLE

NOISE LEVEL
The psychoacoustic modet 1 employed in MPEG audio is
exploited. Since the excitation level of each masker is higher
than its masking threshold by the masking index, the excitation
level is derived from the global masking thresholds defined in
the psychoacoustic medel by removing the masking index and
the absolute threshold terms [4],
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ET,(8) is the global excitation level. ET, {z(;) z{;)} and

ET, {«(4) 2(i)} are individual excitation levels of the tona! and

the non-tonal components, respectively, at the subsampled
frequency index ¢ cormresponding to the critical band rate of

z(i) caused by the masking component at the index j
corresponding to the rate of zb) The function vf is the
spreading amount.

In order to shape noise such that its excitation level falls
below the masking threshold of the host signal, it is proposed
to modify the sound pressure level of the noises in each critical
band, which leads to a linear filtering of the noise. Since the
powers of the spectral lines are summed within each critical
band to form the sound pressure level, the filter gain is
assumed to be constant within each critical band so that the
shaped noise is given by

Nk)=HEWN(K), &, sksk, 0sbsB-I (2)

where %,, k,, are the lower and upper bounds, respectively,

of the critical band 4, and B is the total number of the
critical bands. Considering that the excitation level of the noise
at a certain frequency is found by summing the spreaded sound
pressure levels of neighboring tonal and non-tonal components,
the noise level at that frequency can be shaped by weighting
the neighboring tonat and non-tonal components as
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where ET[b{z(j}}, z(7)] is the spreaded sound pressure level at

the frequency index i from the individual masker of both
tonal and non-tonal components at the critical band index ;.

LTg(i) is the global masking threshold. The filter coefficients

are squared to be consistent with the power terms in (3). In
case that the excitation level of the noise at a frequency index
i exceeds the masking threshold of signal, the excitation level
is adjusted to the masking threshold, to the level that conforms
to the masking threshold. Otherwise, the excitation level is left
intact. Evaluation of (3) results in the linear algebraic equation
in the form E-h=m. £ is a matrix whose size is the
number of frequencies evaluated by the number of critical
bands, and elements of each row are spreaded sound pressure
levels at a frequency from individual masker at the
corresponding critical band. The vector h consists of squares

of the filter coefficients, H{b(;)}, whose size is exactly the

number of critical bands. The vector m consists of either the
excitation levels or the masking thresholds at the frequencies of
evaluation depending on their relative amplitudes as in (3),
whose size is exactly the number of frequencies evaluated. The
squares of filter coefficients can be solved by the method based
on singular valee decomposition (SVD). However, it is found
that the SVD based solution occasionally results in negative
values as squares of the filter coefficients depending on noise
level, which gives rises to negative powers. In order to cope
with this problem, the noise shaping is formulated as a
constrained optimization as follows:

min|E-h-m, suchthat 0<hy, h, ..., by, <1 (4)

III. EXPERIMENTAL RESULTS

The proposed noise shaping method is tested with artificially
generated signals of the sampling rate of 8 kHz. In the test, the
psychoacoustic model, originally developed for MPEG audio
coding, is modified to accommodate the test signals. A
sinusoidal signal with the amplitude of 1000 and the frequency
of 1000 Hz as the masker and a pseudorandom noise in the
range of -5Q to 50 as the target are generated for the test of the
proposed noise shaping method. The noise is shaped by (4)
using the masking thresholds of the sinusoidal signal and the
excitation levels of the noise. Fig. | shows the masking
thresholds of the sinusoidal signal, excitation levels of the input
and the shaped noise, respectively. It can be seen that
excitation levels of the input noise exceed the masking
thresholds of the sinusoidal signal at most of regions of
frequencies whereas those of the shaped noise are constrained
to the masking thresholds, by which the noise is made
inaudible. There are some errors in the resulting excitation
levels of the shaped noise at the frequency regions where the
excitation levels of the input noise exceed the masking
thresholds of the sinusoidal signal. These errors are caused by
the spreading function whose functional shape depends on the
sound pressure level of the individual masker and by the
optimization process.

IV. CONCLUSION
A psychoacoustic model based noise shaping method is
proposed, where noise’s presence with a host signal will not be
perceptible. The inaudible noise level is derived by formulating
the problem of noise shaping as a constrained optimization, by
which the excitation levels of the noise result in conforming to

the masking thresholds of the host signal. It is demonstrated
with artificially generated signals that the proposed method
shapes the noise as constrained.
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Fig. 1. Masking thresholds and excitation levels
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