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1 Introduction

" This work revolves around the central theme that noise can be beneficial specifically in signal detection.
There are two types of detectors considered in this investigation; the first system is a bithreshold device and
the second system is the human hearing system. The most significant outcome of this work is in demonstrating
how to enhance the usefulness of noise in detection and in showing that this noise-aided detection occurs
spontaneously in the human hearing system. The noise in a system is hardly ever beneficial. Recently, there has
been a surge of reports on the beneficial aspects of noise. This phenomenon is collectively known as stochastic
resonance(SR) [1]. The first physical observation of SR is reported for a Schmitt trigger [2]. In biological
systems, reports of SR-like behaviour has been shown for the mechanosensory systems of crickets [3, 4]. Several
works have alluded to a positive role of background noise in the human hearing system[5]. In most studies, SR
has been formulated using Gaussian white noise. Real noise sources however are not always Gaussian and are
correlated. Noise correlation and noise distribution effects on SR should also be studied for a more complete
picture of this noise-aided phenomenon. The numerical simulations in this work is motivated with this purpose.
The other main motivation is to see whether SR is exhibited in the human hearing system. The previous works
that relate SR to the human auditory system are involved at hair cell level, wherein the sound pressure levels
involved are nominal. The interest of this work, however, is at ordinary levels and at ordinary situations at
which human speak and listen. ‘

2 The Methods for Enhancing Stochastic Resonance in a Bithresh-
old System

This section describes the detection parameters, sub-threshold signal and different types of noise consid-
ered, corresponding to different cases of distribution and coherence. The system under study is a symmetric
bithreshold (see Fig. 1) trigger device described by;
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Figure 1: The subthreshold sinusoid does not have crossings with the threshold. Essentially, it is undetectable.
Upon adding noise, crossings are induced that makes the sinusoid detectable.

+1 : z>B
-1 : z<-B

where B=0.5 arbitrary units (au).
The input z[n] to the detector is composed of the weak periodic modulation plus the noise term as follows;

z[n] = A; cos(2m fon(AT)) + €7 (2)

where f; = 100Hz is the signal frequency and A, = 0.3au is the signal amplitude. The term £{™ represents
the normalized noise added to the subthreshold sinusoid that is needed to induce threshold-crossings. The
normalization is based on equal mean threshold crossing rate for the noise alone.

1. Gaussian White Noise ({gun) and Uniform White Noise ((uwn) The tuning parameter is D, which is
defined as the standard deviation for the Gaussian noise and the maximum absolute value for the uniform
noise.

2. Time-correlated noise (&cn) and shuffled version (€sicn) The tuning parameter T, is the correlated time
of the series. To remove the correlation in &, , the entire sequence is shuffled before it is added to the
weak periodic signal.



3. Periodic noise ({pn) and shuffled version (£spn) Another periodic signal is used with a suprathreshold
amplitude Ay, > |B| is the amplitude and fp,, # f5 is the frequency, which serves as the tuning parameter.

2.1 Measure of performance

Performance is based on how distinguishable the true frequency stands against the other components in the
power spectrum, which is computed from the output of the detector. This measure @ is defined as;

Py,

P‘U(l‘!‘ (3)

Q =
Py, is the power of the signal frequency f, and P,,, is a measure of the variation of the other frequencies about
the mean.

2.2 Results and Discussion

The effect of distribution on the SR performance is shown clearly by comparing the performance of the
Gaussian noise £, and uniform noise &,,». A better ) performance was obtained using £,.». This suggests
that changing the noise distribution can optimize the SR performance. A look at the histogram 2 for the noise
cases considered illustrates this point. The Uniform noise has values equally distributed along the amplitude axis.
Hence, it is well-represented in the optimal range (shaded area), which allows more threshold crossings. The
Uniform noise can then be considered the optimal distribution. On the contrary, the Gaussian noise has values
concentrated at zero and away from the optimal range. Hence it can induce less crossings. The Gaussian noise
is considered suboptimal. An interesting case of noise distribution is the periodic noise case. Most of its values
are located at the optimal range. The Periodic noise can be considered to have a hyperoptimal distribution.
Since the periodic noise has a hyperoptimal distribution, it is expected to give the best @ performance. Figure
3(c), however, shows that on the contrary,£p, has the worst performance. The best @ value is obtained with its
corresponding shuffled version &;5,,. For this case, correlation in the noise series is not helping. However, for the
exponentially correlated noise &;.n, removing the correlation by shuffling the series or making the correlation
time approach zero decreased the ) to values that are comparable with that of the white noise sources. For this
case, correlation in the noise series is helping. These results show that the role of noise correlation is two-fold. It
is helpful only when the noise distribution is suboptimal, and is harmful when the noise distribution is already
optimal (or even hyperoptimal).

3 Listening Performance and the Effect of Background Noise in a
Cocktail Party Setting

In this section, the ability of a human subject to listen to or track a particular voice of interest is examined.
This ability is related to the so called Cocktail Party Effect (CPE), which describes the situation in which
humans are able to converse with one another even in the presence of other interfering speeches.

3.1 Design and Procedure

Speech samples for eight different speakers, consisting of four males and four females, are used. Of the
four male and four females, one male and one female are designated as the target voice speeches while
the other 6 speakers are the non-target speakers. Each speech sample follows a basic sentence structure as
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Figure 3: The @ performance when adding (8)&wn and &uwn; (b)éen and &sten; and (¢} &pn and &spy.



Table 1: Table of values for the characteristic number M and pre-factor A.

M I A |
SYNC | ASYNC [ SYNC | ASYNC
Male 18.7 31.0 [ 0.991 0.967
Female 15.3 27.3 | 0.989 1.048

NAME go to COLOR, NUMBER now. The procedure consists of three stages: the training of the sub-
ject, the pretesting of the subject and the actual experiments. During the training, the subject was presented
several speech samples for the target voice, which either male or female at a time. The subject familiarized
himself with the target voice. The signals are mixed synchronously (same starting times) or asynchronously
(delayed starting times). Before mixing, the speech sources were normalized by the total power of each speech
sample.

3.2 Results and Discussion of Experiment

The measure of performance used in the listening experiments (voice tracking) are based on the probability
of the correct response p(C) of the human subjects. The subject must decide whether the target voice is present
or absent in the presented signal. The performance is shown in Figure 4. Qualitatively, the performance plots
shows the following trend: (a) a decrease in performance as the number of mixed components is increased; (b)
better performance for the asynchronous mode of mixing; and (c) comparable performance for both the male
or female target voice cases. This plot is the averaged performance obtained for 3 subjects with 100 trials per
data point.

3.2.1 Trend Analysis

To compare the performance results for the different experimental cases, the data are analyzed for trends.
Based on the Pearson product-moment coefficient and the error values, the exponential decay function is the
best curve to describe the trends in the given data. The values for the prefactor A and the reciprocal to the
decay factor M corresponding to the p(C) plots are summarized in 1. The values indicate that the accuracy,
implied in A is not significantly different whether the target voice is male or female or whether the mixing mode
is synchronous or asynchronous. The M parameter shows, however, a significant difference in the performance
between the two cases of mixing, with the asynchronous mode being characterized by slower decay.

3.2.2 Performance Normalization

In Figure 4, the performance plot for an ideal machine detector is also indicated. This performance plot
is based on the assumption that a machine can perfectly detect the target signal given a signal-to-noise S/N
ratio equal to 1, the case which corresponds to the number of mixed components m = 2. At m = 2, one of the
components of the mixed signal is the target and the other component is considered the noise. Since the power
of each component has been normalized before mixing, and the signal-to-noise ratio is computed in amplitude
(or square root of the power) domain, then the signal-to-noise ratio varies inversely as the the square root of m.
Under this assumption, the p(C) performance for the human subjects can be normalized with respect to the
machine performance to give a comparative measure. This normalization with extrapolated values is illustrated
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Figure 4: The probability of correct responses, p(C).



in Figure 5. It is interesting to note that this curve is reminiscent of the stochastic resonance signature; i.e. an
optimal peak for an intermediate noise level.

4 CONCLUSION

The most significant outcome of this work is in demonstrating that the usefulness of noise as exhibited in a
(physical model) bithreshold detector is also effectively exhibited in a biological detector that is the human ears.
This is based on the stochastic resonance-like curve obtained when the human listening performance, which is
exponentially decaying, is compared to an ideal machine performance that depends only on the signal-to-noise
ratio, which degrades as the /m. The m is the number of mixed components or the number of simultaneous
speakers in the cocktail party setting. For the bithreshold detector, I showed that the classical stochastic
resonance, i.e. the stochastic resonance when Gaussian white noise is used, can be enhanced in two ways; one
way is to vary the noise correlation and the other way is to optimize the noise distribution.
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