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Abstract
Hazardous sounds represent a particular type of danger signal and should be heard clearly to ensure
safety. Hearing-impaired people can be involved in accidents. This is exacerbated by the fact that they
may have difficulty hearing hazardous sounds. Therefore, they spend time with a hearing-assistance dog
in their daily lives. However, the number of hearing-assistance dogs has decreased recently, and they
are less known in society and they may even be prevented from entering public facilities. Therefore, an
animal external ear model-based mobile device that can detect hazardous sounds has been proposed. This
device can alert the hearing-impaired person. In this paper, the animal external attachment with a human-
and a cat-external ear model-verified for hazardous sound detection accuracy by microphone sensor is
presented. Microphone sensors with and without a human- and a cat-external ear model are used. An
ambulance siren and a bicycle bell are used as the hazardous sounds, and the spectral envelopes of each
recorded sound are compared. The results show that the animal external ear model-based microphone
sensor can more effectively detect the frequency features of the ambulance siren and the bicycle bell. A
microphone sensor attached an external attachment with a human-external ear model can detect 2 ∼ 3
kHz frequency features with the highest sound pressure compared to the other microphones, regardless
of the distance between the microphone sensor and the sound source. Also, a microphone sensor attached
an external attachment with a cat-external ear model can detect wide range of frequencies with the
highest sound pressure compared to the other microphone sensors, regardless of the distance between
the microphone sensor and the sound source.
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1. Introduction

Various sounds are encountered in our daily lives. Among them, hazardous sounds pose possible
danger signals. Our safety might depend on being able to hear hazardous sounds such as an
emergency bell or the siren of an emergency vehicle. However, hearing-impaired people cannot
hear these hazardous sounds. In 2016, there were about 300,000 hearing-impaired people in
Japan [1]. The degree of hearing is different for each hearing-impaired person. But many
hearing-impaired people can be impacted by accidents. Therefore, some hearing-impaired
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people spend time with a hearing-assistance dog. This dog supports hearing-impaired people
and warns them of danger by touching or pulling them [2]. The hearing-assistance dogs are
identified by wearing a cape with words like “Hearing-assistance dog”. Thus, people can
understand that there is hearing-impaired person in the area [3]. However, the number of
hearing-assistance dogs has decreased recently, and only 52 hearing-assistance dogs work in
Japan currently [4]. Additionally, hearing-assistance dogs aren’t recognized well in society, and
they are prevented from entering public facilities such as restaurants [5]. Thanks to having two
ears, animals can judge the direction and source of sounds. The external ear consists of two
structures: a pinna and an ear canal. The pinna has a sound collection effect and the canal has a
resonance effect [6]. The evolution of animal’s ears over time has supported them to enable the
identification of hazardous sounds. Therefore, animals can detect enemies or danger in real
time. Generally, a human, a dog, or a cat can hear sounds of approximately 0.020 ∼ 20 kHz,
0.065 ∼ 50 kHz, and 0.05 ∼ 65 kHz sounds, respectively [7, 8]. A cat can hear frequencies three
times wider than humans.

Our new method can detect more hazardous sounds than only a microphone sensor, and alert
a hearing-impaired person to hazardous sounds, like the hearing-assistance dog. An animal
external ear model-based mobile device for hazardous sound detection has been proposed [9].
This proposed device implements an animal external attachment to a microphone sensor to
pick up more detail of sounds. This device can detect hazardous sounds and warn the hearing-
impaired persons who are wearing it. In this paper, the animal external attachment follows a
human- and cat-external ear model, and has a verified hazardous sounds detection accuracy by
the microphone sensor.

The rest of the paper is organized as follows. Section 2 outlines existing technologies.
Section 3 explains the animal external ear model-based mobile device for hazardous sound
detection. Section 4 describes how to process recorded sounds and its spectral envelope. Section
5 explains the experimental method. Section 6 shows the spectral envelopes of recorded sounds
as experimental results, and Section 7 gives our conclusions.

2. Existing technologies
There are four existing technologies to detect hazardous sounds. The first system detects
hazardous sounds and situations using clustering by the complete linkage method and probability
modeling of daily sounds [10]. These systems need to perform a lot of calculations to process
a huge amount of data. And, the second system that monitor the elderly using sound can
manage health and detect danger for the elderly to monitor indoor living environment mainly
from acoustic signal observed using a microphone sensor. In this system, acoustic events are
detected from audio signals observed by microphone sensor using machine learning and obtains
information about daily life [11]. However, incorporating machine learning may increase
processing requirements and power consumption. Therefore, These systems making it difficult
to implement on a mobile device. The third system can detect and determine daily sounds and
non-daily sounds which are possibly hazardous using a microphone array [12]. This system is
stationary and has a height of about 3 m. So, it is difficult to carry and use. The fourth system is
hearing aid. A hearing aid helps the hearing-impaired people hear better. However, they have
some disadvantages, such as high performance at a very high price, and the muffled sound and
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echoes of one’s own voice can be bothered.

3. The animal external ear model-based mobile device for
hazardous sound detection

The animal external ear model-based mobile device for hazardous sound detection is explained
in this section. Overview of this device is shown in Fig. 1 (i). The hazardous sound is an
alarm sound, siren, and emergency bell of an emergency vehicle which is designed to make
people notice some danger. This device continuously pics up the sounds from the microphone
sensor attached to an animal external attachment. The animal external attachment is shaped
somewhat like the external ear of an animal (Fig. 1 (i) (a)). The picked-up sound is analyzed
with a microcomputer and is determined to be hazardous sound (Fig. 1 (i) (b)). If the sound is
judged to be a hazardous sound, the device notifies the hearing-impaired person using LED or
other methods (Fig. 1 (i) (c)). This device is implemented as a mobile device.

4. Flow of recorded sound processing
Figure 1 (ii) shows the flow of recorded sounds processing in this experiment. The purpose
of this process is to derive the spectral envelope. A sound is recorded by the microphone
sensor. And, the recorded data are processed by a short-time Fourier transform (STFT) to find
a spectrogram [13]. The power spectrum defined as log|X(k)|2, is extracted from one row of
the spectrogram. And a discrete Fourier transform (DFT) is applied to each row to obtain the
cepstrum. The cepstrum defined as CEP(k), is considered to be in the form of

CEP(k) = DFT(log|X(k)|2)

From the cepstrum, the quefrency above a certain threshold is set to 0 to extract the low
quefrency components of the cepstrum. Quefrency is a twisted phrase of “frequency” and

Figure 1: Overview of the animal external ear model-based mobile device for hazardous sound detection
and processing flow for recorded sound.
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horizontal axis of cepstrum. Such quefrency includes components of the spectral envelope,
which is defined as log(|highpass(k)|2). Then, an inverse discrete Fourier transform (IDFT) is
applied to the resulting data to find the spectral envelope, which configured as follows SPE(k):

SPE(k) = IDFT(log|highpass(k)|2)

The spectral envelope includes formants, which are frequency characteristics of a specific
frequency region that characterize the sound. In particular, the spectral envelope is useful
when indicating vocal-tract characteristics of a human voice. By observing formants can get
the frequency characteristics of a vocal tract [14]. In speech recognition, Japanese vowels have
long been discriminated by their formant differences. When formants are sorted from lowest to
highest frequency, the first and second formants are important clues to discriminate Japanese
vowels. Non-human sound sources do not have a human vocal tract. However, it is considered
that by observing the spectral envelope, it is possible to confirm the frequency characteristics
of any sound.

5. Experimental method
Figure 2 shows the experimental situation. The temperature is 16 degrees Celsius. Three
microphone sensors are placed 1 m and 3 m from the sound source. They have the same
microphone sensor (model: KY-037). MIC_only has only a microphone sensor. MIC_human has
a microphone sensor and attached an external attachment with a human-external ear model.
An external attachment with a human-external ear model has the pinna and the ear canal, the
length of the ear canal is approximately 0.03 m. MIC_cat has a microphone sensor and external
attachment with a cat-external ear model. An external attachment with a cat-external ear model
has the pinna and the ear canal, the ear canal is L-shaped and the length of the ear canal is
approximately 0.06 m.

The external attachment of all microphone sensors is printed and created with a 3D printer.
The used material is thermoplastic polyurethane resin. All microphone sensors are facing
sideways. The sound sources are the ambulance siren produced by a speaker (model: ASP-
W50N-K) and the bicycle bell. The ambulance siren has frequencies 0.77 kHz and 0.96 kHz at

Figure 2: Experimental situation.
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intervals of 0.65 s. The bicycle bell is rung by hand. The sound sources are recorded for 15 s,
and the recorded sounds are processed in section 3. Three microphone sensors are connected to
a SPRESENSE [15], which has a main board (CXD5602PWBMAIN1) and an extension board
(CXD5602PWBEXT1). SPRESENSE can record sounds at a sampling frequency of 48 kHz.

6. Experimental result
6.1. The ambulance siren

Figure 3 shows the spectral envelope of the ambulance siren for distances of 1 m and 3 m,
respectively. The horizontal axis is frequency and the vertical axis is power. The power is
decreased by about 3 dB due to change the distance between the microphone sensors and the
sound source from 1 m to 3 m in Fig. 3. It is shown that each formant of the ambulance siren
can be detected at around 0.77 kHz and 0.96 kHz at intervals of 0.65 s regardless of the distance
between the microphone sensors and the sound source from Fig. 3. Also, Fig. 3 shows that
MIC_human detects formant of 2 ∼ 3 kHz frequency features with the highest sound pressure
compared to the other microphone sensors, regardless of the distance between the microphone
sensor and the sound source. On the other hand, MIC_cat detects formants of wide range of
frequencies with the highest sound pressure in the range of 0 ∼ 7.5 kHz compared to the other
microphone sensors, regardless of the distance between the microphone sensor and the sound

Figure 3: Spectral envelope of the ambulance siren.
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source. And the sound pressure detected by MIC_human and MIC_cat are almost greater than
the sound pressure detected by MIC_only.

6.2. The bicycle bell

The spectral envelope of the bicycle bell is shown in Fig. 4 for distances of 1 m and 3 m,
respectively. The horizontal axis is frequency and the vertical axis is power. The power is
decreased by about 1 dB due to change the distance between the microphone sensors and the
sound source from 1 m to 3 m in Fig. 4. Figure 4 shows that each formant of the bicycle bell can
be detected five places at around 2.0 kHz, 3.6 kHz, 5.0 kHz, 8.5 kHz, and 15 kHz, regardless of
the distance between the microphone sensors and the sound source. Also, Fig. 4 shows that
MIC_human detects formant of 3.6 kHz with the highest sound pressure compared to the other
microphones regardless of the distance between the microphone sensor and the sound source.
On the other hand, MIC_cat detects formants of 5.0 kHz, 8.5 kHz, and 15 kHz with the highest
sound pressure compared to the other microphones, regardless of the distance between the
microphone sensor and the sound source. In other words, MIC_human can detect approximately
2 ∼ 3 kHz frequency features and MIC_cat can detect a wide range of frequency features in the
range of 0 ∼ 18 kHz from Fig. 4. And, the sound pressure detected by MIC_human and MIC_cat
are almost greater than the sound pressure detected by MIC_only.

Figure 4: Spectral envelope of the bicycle bell.

7. Conclusion
Our proposed method can detect more hazardous sounds more than only a microphone sensor,
and alert a hearing-impaired person to hazardous sounds, like the hearing-assistance dog. In
this paper, the animal external attachment with a human- and a cat-external ear model-verified
hazardous sounds detection accuracy by the microphone sensor. Three different microphone
sensors are compared, and the spectral envelopes of two recorded sounds are detected. The
results show a microphone sensor attached an external attachment with a human-external ear
model can detect 2 ∼ 3 kHz frequency features with the highest sound pressure compared to the
other microphone sensors, regardless of the distance between the microphone sensor and the
sound source. Also, a microphone sensor attached an external attachment with a cat-external
ear model can detect wide range of frequencies. This enables the highest sound pressure possible
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compared to the other microphone sensors, regardless of the distance between the microphone
sensor and the sound source. Thus, the animal external ear model-based microphone sensor
can more effectively detect the frequency features of the ambulance siren and the bicycle bell.
Therefore, it makes easier to detect hazardous sounds by adapting the external attachment of
the microphone sensor to match each hazardous sound in our proposed device. In the future,
experiments will be conducted in various environments, including noisy environments and
changing temperatures. In addition, various external ear models will be verified to detect
hazardous sounds more effectively by changing the shape and material of external attachment.
Furthermore, effectiveness of our proposed method which detects other hazardous sounds that
are common in daily life is verified.
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