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This report describes scream detection systems that can detect screams under noisy conditions and
describes techniques for increasing their noise-robustness. More specifically, spectral entropy, which
expresses the difference in frequency distribution between a scream and noise, is used as a detection fea-
ture. Furthermore, a method is presented that improves scream detection accuracy in noisy environ-
ments by limiting the frequency band of the spectral entropy used as the detection feature. Evaluation
experiments in noisy environments demonstrated that the proposed method has better scream detection
capability than a conventional method. The proposed method can detect screams with equal error rates
of 0.3% and 0.8% under 0 and —5 dB conditions, respectively. Furthermore, the cost of likelihood calcula-
tion is about 1/12th that of the conventional method. The proposed method can thus be used to develop a
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scream detection system that is sufficiently accurate in an actual environment.
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1. Introduction

The increasing diversity and sophistication of crime in recent
years has increased the demand for security systems. Video cam-
eras are typically used in security systems to capture an image of
a crime scene and the appearances of the individuals involved. In
addition to capturing evidence of a crime, they help prevent crime
if they are placed in conspicuous locations. However, cameras pose
privacy problems and thus cannot be placed in such locations as
restrooms and changing rooms. Even in locations where they can
be placed, there are various other problems, such as the need for
special cameras to deal with darkness.

To address these disadvantages, several security systems that use
sound (such as a scream) have been proposed [1-8]. Most of them
use a classifier: a Gaussian mixture model (GMM) [1,2], a support
vector machine (SVM) [3-5], a hidden Markov model (HMM) [6,7],
a deep neural network (DNN) [8], and so on [9]. Prosodic features
[4], spectral features [1,5,7,8], the zero-crossing rate [1,7], and
mel-frequency cepstral coefficients (MFCCs) [1-6] are convention-
ally used in regard to fea tures. In this paper, a method is presented
that uses band-limited spectral entropy to improve detection per-
formance and a GMM to classify the extracted feature. A GMM is
used because it is easy to expand into multi-class discrimination.
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Screams, which are defined here as a sound made by female humans
to convey fear, are generally characterized by a high fundamental
frequency. The spectral entropy feature represents the whiteness
of a spectrum and can be easily distinguished between screams
and other sounds. Furthermore, since spectral entropy can be used
to evaluate the shape of the spectral distribution without the effect
of the magnitude, spectral entropy has high noise-robustness.

The novelty of this study is the development of a system which
can detect screams only with high noise-robustness. The systems in
[4,9] have dealt with screams only, but the most of the conventional
audio security systems have dealt with various sounds including a
scream. Moreover, the systems in [4,9] have used prosodic informa-
tion and/or MFCCs. The novelty of this study is also to propose a fea-
ture specialized for detection of scream under noisy environments.

Section 2 explains the features and framework that are conven-
tionally used for scream detection and describes the low noise-
robustness of methods that use them. The proposed method using
spectral entropy is described in Section 3, and the evaluation
results are presented in Section 4. Finally, the key points are sum-
marized in Section 5.

2. Conventional features and scream detection framework
2.1. Scream detection using prosodic features
Since screams have both high energy and a high fundamental

frequency, the prosodic features of the log-energy and fundamen-
tal frequency have been used for scream detection [4]. Because the
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prosodic features depend on the environment and the speaker,
they are directly processed using thresholding (Fig. 1) rather than
a GMM as used in the proposed method and other statistical
methods.

The log-energy (E;) and fundamental frequency (FF,) at the tth
frame are extracted using the equations in Appendix A. The E;
and FF,; of screams in environments with SNRs of 20, 10, and
0 dB are shown in Fig. 2. The extraction conditions are given in Sec-
tion 4.2. The superimposed noise was a train sound from the JEIDA
NOISE database [10]. In Fig. 2, there is a scream signal in frames
280 through 380, when the noise condition was that of a train
gradually approaching. The difference in E; between the scream
and non-scream parts decreased, particularly for the 0 dB environ-
ment, for which the scream part cannot be distinguished from the
non-scream part (after frame 600). Additionally, although the
scream had an FF; of 800-1300Hz, the FF, was incorrectly
extracted for the scream part, and the same FF, was extracted for
the non-scream part for the 0 dB environment. Thus, prosodic fea-
tures are susceptible to the effects of noise and unsuitable as fea-
tures for scream detection under noisy conditions.

2.2. Scream detection using phonemic features

The susceptibility of prosodic features to degradation due to
noise, as described above, led researchers to use MFCCs as phone-
mic features in addition to or instead of prosodic features. MFCCs,
which are cepstral coefficients that take human hearing character-
istics into account, are used as a feature vector representing differ-
ences in the configuration of the vocal tract. They are widely used
in speech recognition, speaker recognition, and similar areas. A
scream conveys fear through the use of a common vocal tract con-
figurationthe mouth is opened as if to pronounce ‘a’ as a phonemic
suffix. This suggests that MFCCs are effective for scream detection.
The Ith MFCC (C.[}) is calculated using the following equations.
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Fig. 1. Framework of scream detection using prosodic features.
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The B, is the mel-filterbank matrix used in the ETSI standard
front-end [11], m is the filter bank number, X,[k] is the spectrum
represented by Eq. (A.2), and M is the number of filter banks. For
scream detection, as described in Huang et al. [4], and speech
recognition, the value of I is taken as 1 <1< 12.

2.3. Framework of scream detection using GMMs

Framework of scream detection using GMMs is shown in Fig. 3.
The features of the scream and the noise (non-scream sounds), V;,
are modeled using GMMs represented by the following probability
density functions (Fig. 3(a)).
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Fig. 3. Framework of scream detection using GMMs.
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Fig. 2. Frame-time trajectories of prosodic features under noisy conditions.
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