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Abstract

NTT Media Intelligence Laboratories has been researching and developing media-processing tech-
nologies to create ultimate private spaces for promoting digital transformation in diverse spaces, includ-
ing work-style reform. This article focuses on sound, which is one of the most important elements in
achieving private space and introduces our aims in establishing the following three technologies: tech-
nology to understand surroundings from sound (event-detection and scene-identification techniques),
active-sound-control technology to make the sound heard only by listeners who want to hear, and active-
noise-control technology to eliminate undesired sounds. This article describes our, the authors’, efforts

regarding these technologies.
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1. Introduction

Due to the work-style reforms promoted by the
Japanese government and the impact of the novel
coronavirus, the traditional way of working that
requires employees to come to the office has been
reconsidered, and flexible work styles that are not
bound by location or time have been attracting atten-
tion. An important part of this new work style is the
ability to create a comfortable working environment,
no matter where one is.

Let us consider telecommuting (remote working).
There are various types of noise in the home, such as
from the air conditioner, traffic outside, and some-
times chimes to announce deliveries. If there are fam-
ily members present, there may be their voices and
sounds from the television (TV). Such noise includes
sounds that telecommuters do not want to hear. How-
ever, in some situations, chimes and a baby crying
may be sounds one wants to hear. When a conference
call is held at home, we do not want the noise gener-
ated near us to reach the other party. We also do not
want those near us to hear the voice from the other
party. If we can create an ultimate private sound space
in which telecommuters can hear only what they want

NTT Technical Review Vol. 18 No. 12 Dec. 2020

to hear, e.g., voices from their telecommunication
partners, they will be able to work comfortably at
home.

The goal of NTT Media Intelligence Laboratories
is to create the ultimate private sound space, which
we call a Personalized Sound Zone (PSZ), by accu-
rately collecting sound information and understand-
ing the situation. NTT Media Intelligence Laborato-
ries has accumulated a large amount of knowledge on
sound-collection technology and is currently working
on further developing sound situational understand-
ing and control technologies. The following describes
the three major technologies (Fig. 1).

2. Technology to understand surroundings from
sound (event-detection and
scene-identification techniques)

People want to hear different sounds depending on
the situation. For example, a user may want to hear
his/her dog bark when at home, but may not want to
hear the barking of other dogs when away from home.
In such a case, if we can detect the sound of a dog
barking while the user is away from home, we can
judge that the sound as undesired.
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Fig. 1. Concept of Personalized Sound Zone (PSZ).

Thus, to achieve a PSZ, it is important to selec-
tively convey sounds and situations to the user
according to the situation, rather than simply sup-
pressing all ambient sounds. To do so, it is necessary
to be aware of the environment surrounding the user.
For this purpose, we are developing an event-detec-
tion technique for simultaneous estimation of infor-
mation, such as “when,” “what,” and “where,” and a
scene-identification technique for estimating the
meaning of information such as “in what situation”
and “why.”

One of the difficulties with event detection is that
the sound changes in various ways depending on the
surrounding environment, even if the sound reaches
the same location. For example, deep neural networks
(DNNs) have recently become the mainstream meth-
od for determining where sounds are generated, but
due to the diversity of the environment, even DNNs
cannot be 100% effective. We are working on improv-
ing estimation accuracy by using the spatial symme-
try of the sound field and combining it with physical-
quantity estimation methods [1-3]. We are also
investigating a method for satisfying the requirement
of detecting only specific events with fast computa-
tion and low complexity [4].

The goal with the scene-identification technique is
to estimate the information about the user’s situation
as higher-level information than events and sound-
source locations. For example, this technique will
estimate not only the sound of a car running but also
the user’s situation; therefore, it can judge whether
the sound should be suppressed or alert the user
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according to his/her situation. We are currently devel-
oping a sound-description-generation technique [5]
for describing sound signals in natural language as an
elemental technology of the scene-identification
technique.

3. Active-sound-control technology to make the
sound heard only by listeners who want to hear

Listeners have been using earphones and head-
phones to listen to sound without affecting their sur-
roundings. However, there are many problems, such
as the inconvenience of wearing/carrying a device,
possibility of fatigue and hearing loss due to pro-
longed use, and difficulty in detecting the situation
and possible danger around when wearing/carrying
such a device. Therefore, if localized sound-zone
generation is possible so that only the target listener
can hear without using earphones or headphones,
these problems can be solved (Fig. 2). NTT Media
Intelligence Laboratories is engaged in research and
development (R&D) of both software and hardware
to develop active-sound-control technology for gen-
erating a localized sound zone. The following sec-
tions discuss issues and approaches regarding this
technology.

3.1 Efforts to improve software performance
Although localized sound-zone generation requires
multiple loudspeakers, its control is implemented
using software and uses signal processing called
active sound control. This technology requires more
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Fig. 2. Application range of active-sound-control technology.

loudspeakers when the upper frequency range is set
higher. Also, there may be restrictions on the place-
ment of each speaker. PSZs are designed for individ-
ual users, and the number and degree of freedom of
loudspeaker placement are severely restricted, unlike
general problem settings. For example, at home, the
space where the speakers can be installed is limited,
such as around a computer desk. The aim with PSZs
is to achieve localized sound-zone generation with a
small number of loudspeakers and limited space.
Active-sound-control technology identifies all the
conditions necessary for filter design and optimizes
the overall filter to satisfy all conditions simultane-
ously.

3.2 Efforts to improve hardware performance

In addition to researching signal processing, we are
also investigating the loudspeaker arrangement that
minimizes sound leakage with a limited number of
loudspeakers and installation locations as well as
hardware that has a greater attenuation of sound level
as it becomes further away from the loudspeakers. We
are also engaged in R&D of small speakers for bass
reproduction. Bass is important to maintain high
sound quality. The physical size of the loudspeaker
body is necessary to reproduce bass at a sufficient
volume. However, as described above, it is not practi-
cal to use a large loudspeaker because of the space
constraint of PSZs. We aim to improve the hardware
so that the bass limit of small speakers can be lowered
more than ever before.
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4. Active-noise-control technology to eliminate
undesired sounds

A PSZ uses the event-detection and scene-identifi-
cation techniques to discriminate between incoming
sounds to create a space where undesired sounds are
not heard. Currently, noise cancellation in earphones
and other widely used devices is easy to achieve
because the space to muffle the sound is small and
fixed. However, wearing earphones for a long period
causes discomfort, such as earache. If we can develop
technology to muffle undesired sounds using a device
that does not need to be worn, it will be more conve-
nient and expand the range of applications (Fig. 3).

Active-noise-control technology that muffles sound
in a space consists of a control loudspeaker that gen-
erates the control sound, error microphone that
detects the error signal at the control point, reference
microphone that references the noise signal, and con-
troller that uses an adaptive algorithm to produce the
control sound. If the error signal detected with the
error microphone is small, undesired sounds are
reduced.

The more loudspeakers there are that produce con-
trolled sounds, the more points can be controlled and
the easier it is for active noise control to eliminate
undesired sounds. However, when considering use in
the home, a small number of speakers is desirable.
Considering the housing conditions in Japan, these
loudspeakers and microphones will be located close
to each other. Therefore, problems may occur, such as
degradation in performance due to the control sound
going around the reference microphones, which was
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Fig. 3. Application area of active-noise-control technology.

not envisioned in the previous active-noise-control
technology.

Undesired sound depends on the individual and
environment. For example, people prefer not to hear
the sound of a car when they are indoors, but a pedes-
trian feels safer if he/she can hear car noise. After
detecting the sound with the event-detection and
scene-identification techniques, technology is also
needed to determine the necessity of sound according
to the situation, for example, whether the sound is
necessary at the moment. To achieve a space where
the listener can hear only what the listener wants to
hear, multiple technologies are needed, and they must
be coordinated at a high level.

5. Future prospects

This article outlined PSZs and described the current
status of its elemental technologies, such as technol-
ogy to understand surroundings from sound (event-
detection and scene-identification techniques),
active-sound-control technology, and active-noise-
control technology. There are still many technical
issues to be addressed, and NTT Media Intelligence
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Laboratories will continue to conduct R&D on this
topic. We will also collaborate with other organiza-
tions both inside and outside the group to achieve
PSZs.
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