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1.   Acoustic environments toward new lifestyles

The conventional work style of going to an office is 
being re-evaluated due to work style reforms and the 
effects of the COVID-19 pandemic; thus, a flexible 
work style unbounded by place or time is attracting 
attention. Remote support and remote theatergoing 
that began as countermeasures to COVID-19 are now 
taking root as a new culture. Therefore, it is important 
to establish an environment that can provide work 
and entertainment experiences in a comfortable man-
ner wherever the user may be. I believe that the 
“sound” environment (sound space), in particular, is 
an important factor in this regard.

I describe an ideal sound space taking remote work 
(working from home) as an example. The scene in 
Fig. 1 shows a user participating in a web conference. 
The voices of the other participants do not leak to the 
outside so that only the user can hear them, noisy 
chatter of children playing outside is blocked so that 
neither the user nor fellow participants can hear it, 
and sounds that the user would want to hear such as 
doorbell chimes pass through. Achieving such a 
sound space in which one hears only the sounds one 
wants to hear and deliver only the sounds that one 
wants others to hear should make comfortable remote 
work a reality.

I believe that this kind of ideal sound space will not 
simply make everyday life more convenient but also 
be of help to people suffering from all types of prob-
lems. It is said that more than 430 million people 
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Fig. 1.   Example of an ideal sound environment.
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throughout the world (5% of the world population) 
suffer from hearing impairments. For these people, it 
will become possible to adjust the voice of the person 
one is talking to, if difficult to make out, to a voice 
that can be heard at an appropriate volume, suppress 
irritable sounds that one is sensitive to, and detect or 
notify one of dangerous sounds that would otherwise 
be missed.

2.   What is Personalized Sound Zone?

We at NTT Computer and Data Science Laborato-
ries proposed such an ultimate sound space for each 
and every person as a Personalized Sound Zone 
(PSZ) [1]. The concept of a PSZ is to create what is 
truly one’s sound space or sound zone that blocks 
sounds one does not want to hear from ambient 
sounds, enables one to hear only those sounds one 
wants to hear, and prevents “leakage” of one’s sounds 
to other people. The aim is to control this sound space 
on a person-by-person basis to create a world in 
which each person can enjoy a comfortable living 
space as desired. 

Achieving PSZ requires a combination of technolo-
gies for obtaining information on ambient sounds, 
understanding that information, and controlling those 
sounds appropriately. It is necessary to research a 
variety of technical areas including psychoacoustics 
that studies the way that people perceive sounds, 
wave equations that describe the propagation of 
sound waves, the structure of hardware such as 
acoustic devices that input/output sounds (micro-
phones and speakers), signal processing, and an 
understanding of acoustic scenarios. To this end, we 
are engaged in developing four elemental technolo-
gies—spot-sound reproduction technology, acoustic 

extended reality (XR) technology, active noise con-
trol technology, and desired sound selection technol-
ogy—by taking a hardware/software fusion approach 
(Fig. 2).

2.1    Spot-sound reproduction technology: Letting 
sounds be heard by only the person who 
wants to hear them

Listening to sounds while preventing those sounds 
from being heard in the surrounding area had been 
accomplished by wearing earphones or headphones. 
This approach, however, has a number of problems 
such as the inconvenience of wearing such devices, 
fatigue or even hearing loss due to prolonged use, and 
difficulty in perceiving surrounding conditions or 
danger. These problems could be solved and listening 
made more convenient if spot reproduction could be 
achieved enabling only the target listener to hear 
desired sounds without using earphones or head-
phones. For this reason, we have undertaken the 
development of spot-sound reproduction technology 
that eliminates sound leakage by devising speaker 
enclosures or hardware configurations to emit oppo-
site-phase sound waves, which have the effect of 
confining sound to an area near the ear [2, 3] (Fig. 3).

2.2    Acoustic XR technology: Creating new acous-
tic space to customize sound to one’s liking

It had been commonplace to enjoy sounds present-
ed from earphones or headphones or enjoy sounds 
that can be heard from speakers. We proposed acous-
tic XR technology that enables a new acoustic experi-
ence to be enjoyed by using a structure that naturally 
takes in peripheral sounds—a feature of acoustic 
devices that prevents sound leakage without covering 
the ear—and combining and blending ambient  

Fig. 2.   Elemental technologies for achieving a PSZ.
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real-world sounds and device sounds for listening. 
We are applying this technology to stage-based 
acoustic performances that blend speaker sounds and 
earphone sounds and the superpositioning of audio 
guides taking into account real-space sounds [2, 4] 
(Fig. 4).

2.3    Active noise control technology: Preventing 
unnecessary sounds from being heard

Noise canceling that is widely used today in ear-
phones and other devices is easy to achieve since the 
space targeted for canceling sound is small and the 
path that noise takes to reach the ear is simple. How-
ever, wearing earphones for a prolonged period raises 
the risk of outer-ear inflammation and compromises 
comfort. If technology that can cancel out unneces-
sary sounds with a device that does not need to be 
worn can be achieved, we can expect a greater variety 
of scenarios that use noise canceling in a more conve-
nient way. This problem can be solved using conven-

tional technology in the form of many microphones 
and speakers, but we are developing technology for 
canceling noise without covering the ear with a mini-
mum number of microphones and speakers by opti-
mizing high-speed, low-latency processing and the 
arrangement of speaker enclosures and microphones 
[5, 6].

2.4    Desired sound selection technology: Enabling 
one to hear only desired sounds 

This is a “pass only necessary sounds” technology, 
an element of PSZ. While in the cabin of an automo-
bile, for example, one would want external noise to 
be blocked but would also want the sound of an 
ambulance’s siren to reach inside the car’s cabin so it 
could be noticed as soon as possible. We have 
achieved this by developing technology that takes 
acoustic signals observed by microphones and infers 
the direction that those signals are coming from and 
the types of sounds that are being generated using a 

Fig. 3.   Application to an earphone using spot-sound reproduction technology.

Spot-sound reproduction

Can hear well at the ear

Leakage cancelled

Cannot
hear

• Emitting opposite-phase sound waves
from the side of the enclosure cancels
out leaked sound waves emitted from
the speaker and reflected off the ear.

• Guiding the opposite-phase sound
waves leaving the back of the speaker
to the side emits opposite-phase
sound waves.

Fig. 4.   Acoustic XR technology.
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deep neural network (DNN), and we are applying this 
technology to cars for extracting desired sounds and 
their direction and reproducing those sounds (Fig. 5). 
In such an application, it is necessary to instantly 
analyze desired sounds arriving from afar, but since 
they are susceptible to a considerable amount of 
noise, echoes, etc., identifying their direction and 
type is difficult. In the face of this problem, we have 
made it possible to make inferences robust to envi-
ronmental changes by adapting to the peripheral 
environment on the basis of the analysis of echoes 
and background noise [7] and have enabled real-time 
operation while maintaining accuracy by using the 
physical features of sound waves based on micro-
phone-array signal processing [6, 8]. 

Many companies and research institutions are 
researching each of these technologies. However, the 
focus is often on improving the performance of a 
single technology, which means there are various 
hurdles toward practical application such as the use 
of acoustic devices that cover the ear or the need for 
many hardware components. We are focusing on 
open-ear and no-user-load technologies with the aim 
of creating new lifestyles and new entertainment 
experiences by merging actual and cyber sound 
spaces.

3.   Establishment of NTT sonority

NTT sonority, Inc. was established on September 1, 
2021 to conduct acoustic-related business using PSZ 

elemental technologies developed by NTT Computer 
and Data Science Laboratories. The company pro-
vides PSZ elemental technologies to businesses to 
incorporate them into aircraft seats, automobile seats, 
and office chairs, develops, manufactures, and sells 
portable speakers and wearable devices (earphones 
and neck speakers) for consumers, and provides next-
generation voice digital transformation (DX) services 
for businesses. In July 2022, NTT sonority began 
selling earphones using this technology developed by 
NTT Computer and Data Science Laboratories for 
confining sound in front of the ear. These products 
can be used for acoustic production at various types 
of events and are making it possible to deliver PSZ 
elemental technologies at an even faster pace to cus-
tomers [9].

4.   Transformation of people’s lifestyles tied to 
sound by PSZ

A variety of technical problems still remain in 
achieving a PSZ, so we will continue our research 
and development efforts on the basis of a hardware/
software fusion approach. We will collaborate with 
NTT sonority and other partners inside and outside 
NTT and work to improve the feasibility of this tech-
nology by conducting actual field tests including 
acoustic productions. Going forward, we would like 
to make a major impact with this technology by creat-
ing new lifestyles in which people wear open-ear 
acoustic devices as part of daily life much like  

Fig. 5.   Example of applying active noise control technology and desired sound selection technology to in-vehicle use.
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eyeglasses so that they can continuously receive 
acoustic services. In short, we would like to promote 
transformation of people’s lifestyles tied to sound in 
a wide range of usage scenarios such as remote work, 
office work, entertainment, and mobility. Finally, we 
would like to help create a world that is even more 
enjoyable for people who wear acoustic devices.
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