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1.   Background

The word “metaverse” that appears in the title of 
this article originally appeared in the science-fiction 
novel Snow Crash published in 1992 as the name of 
a fictitious communication service in virtual space. It 
went on to become a commonly used noun as a vari-
ety of virtual-space services made their appearance 
with advances in technology. Today, it is a word that 
generally refers to virtual-space services on the Inter-
net in which people can interact with each other via 
their alter egos called “avatars.” 

Metaverse-like virtual-space services have been 
quite diverse, beginning with chat services offering 
interaction via two-dimensional (2D) virtual space 
such as Fujitsu Habitat constructed in 1990 and 
extending to services such as Second Life (Linden 
Lab) that include sales of land and items and close-to-
reality economic activities through currency in vir-
tual space. More recently, they have come to include 
multiplayer online games such as Fortnite (Epic 

Games) and Animal Crossing: New Horizons (Nin-
tendo) as well as business-oriented Horizon Work-
rooms (Meta Platforms) and Mesh for Microsoft 
Teams (Microsoft).

The metaverse concept and metaverse-like services 
have existed for some time, but there is still no uni-
form definition. To date, leaders of big tech compa-
nies and experts have offered a number of definitions 
and opinions, but after the American venture capital-
ist Matthew Ball compiled and presented the core 
attributes of the metaverse and features that it should 
provide in 2020, a single set of guidelines began to 
take shape [1, 2] (Table 1).

It has been pointed out that “several decades will be 
needed to build an infrastructure along with an 
investment of several tens of billions of dollars” 
before an extensive metaverse equipped with these 
attributes and features can be realized. Nevertheless, 
implementation of the metaverse in society is pro-
gressing as reflected in (1) the evolution and reduced 
cost of technologies related to virtual reality (VR), 
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augmented reality (AR), and cross reality (XR), the 
core technologies of a metaverse, and (2) growing 
expectations of virtual space even closer to reality 
due to the enhanced and enriching means of commu-
nication and diverse experiences that became possi-
ble during the recent COVID-19 pandemic.

2.   Project Metaverse

At NTT Human Informatics Laboratories, we aim 
for a society in which everyone is in a state of well-
being. Our mission is to “research and develop tech-
nologies that nurture true humanity” and our vision is 
to “enable information-and-communication process-
ing of diverse human functions based on a human-
centric principle.” One of our initiatives toward mak-
ing this vision a reality is Project Metaverse. As 
touched upon above, the main objective of most 
metaverse-like services had been to provide experi-
ences different than those of the real world. It has 
therefore been difficult to directly apply experiences 
on a metaverse to the real world. While a variety of 
metaverses have come to provide services, the num-
ber of metaverses that can be used by a single user is 
limited due to physical constraints, which makes it 
difficult to enjoy a variety of experiences.

Against the above background, we would like to 
provide users with a wide array of experiences equiv-
alent to those of the real world on multiple meta-
verses by achieving (1) ultra-real virtual space and 
cyber/real intersecting space and (2) avatars with 
identity and autonomy. Therefore, it should be pos-
sible to overcome not only space-time and physical 
constraints but also cyber/real barriers while increas-

ing the opportunities of encountering the values of 
others. These achievements should lead to a state of 
well-being not just on an individual level but also for 
society as a whole. 

In this article, we introduce specific Project Meta-
verse activities and related technologies from the 
following two perspectives:

•	� “Spatial representation and spatial fusion” to 
seamlessly connect the cyber and real worlds

•	� “Another Me” to enable diverse experiences in 
the cyber world

3.   Spatial representation and spatial fusion

3.1   �Spatial representation: constructing virtual 
space sensed with all five senses

Efforts at reproducing actual buildings and struc-
tures, historic sites, and landscapes in virtual space 
that can be experienced as a real metaverse have thus 
far been centered on tourism mainly with regional 
development and revitalization in mind. With these 
endeavors, a variety of methods have been consid-
ered from the research level to commercial services. 
However, it can be said that disparity between the real 
and cyber worlds with regard to a sense of presence 
is a common problem hindering a state of enjoyment 
and immersion in such a metaverse. In particular, in 
an experience such as enjoying scenery and nature 
while moving through a broad area, it would be 
costly to reproduce such a visually detailed, extensive 
space. It would also be difficult to reproduce the 
experiences and bodily sensations that would occur 
when actually visiting that location solely on the 
basis of visual information. For these reasons, it has 

Table 1.   Seven features that the metaverse should have [1, 2].

Feature Overview

1. Be persistent • It never resets, pauses, or ends.

2. Be synchronous • Prescheduled and self-contained events will happen just as in real life.
• The metaverse will be a living experience that exists consistently for everyone in real time.

3. Be without any limit in the number  
of concurrent users

• Everyone can be part of the metaverse and participate simultaneously in a specific event, place,  
or activity.

4. Be a fully functioning economy • Individuals and businesses will be able to create, own, invest, sell, and be rewarded for work  
that produces value recognized by others.

5. Be wide-ranging Be an experience that spans
• both the digital and physical worlds and private and public networks, and
• open and closed networks.

6. Be interoperable • Avatars, items, etc. can be freely carried between different platforms.

7. Have contributions from a wide  
range of enterprises and individuals

• Content and experiences will be created and operated by a wide range of contributors such as  
individuals, volunteer groups, and commercial enterprises.
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thus far been difficult to provide a high sense of pres-
ence.

In light of the above, we undertook the construction 
of a virtual space that can be sensed with all five 
senses targeting Ogijima Island, a small island in the 
center of Japan’s Seto Inland Sea [3]. In this project, 
we constructed a visually detailed, extensive virtual 
space while keeping costs down as much as possible 
by adopting (1) point cloud data obtained from a sen-
sor technology called light detection and ranging 
(LiDAR) that can extensively and easily measure and 
grasp actual space and 3D point cloud media process-
ing technology for analyzing and integrating that 
data, both of which are also used in self-driving sys-
tems, and (2) photogrammetry technology for creat-
ing realistic three-dimensional computer graphics 
(3DCG) from multiple photographs taken from a 
variety of angles (Fig. 1). In combination with the 
above, we used stereophonic acoustics technology 
and a newly developed walking-sensation presenta-
tion technique based on sounds and vibrations 
(Fig. 2) to faithfully reproduce and integrate sensory 
information “at that location” to stimulate other 
senses such as hearing and touch in addition to sight. 
Thus, we made it possible to provide users with the 
sensation of “actually being there” via the five senses. 
We consider that making experiences in virtual space 
equivalent to those in the real world as described 
above will make it possible to seamlessly use those 

experiences in the real world.

3.2   �Spatial fusion: constructing intersecting 
space spanning two worlds

An avatar that acts as one’s alter ego in a metaverse 
generally exists within a closed virtual space, and the 
range of its communication is likewise limited to 
virtual space. A user in the real world is therefore 
unable to confirm the state of such an avatar, which 
may give rise to a phenomenon called “echo cham-
ber” or “filter bubble,” which may generate division 
or discord between the cyber and real worlds. 

We have therefore been researching technologies 
that will enable users (avatars) active in the cyber 
world and those in the real world to overcome the 
barriers between the two worlds and communicate 
with each other. One of these is High-precision VPS, 
which draws a positional correspondence between 
information in the cyber world (content and avatars) 
and the real world. Another is Glasses-free XR AISE-
KI system, which enables communication with ava-
tars and virtual characters in the cyber world without 
having to wear special equipment such as VR gog-
gles. 

The former technology uses the same technology 
that has recently come to be used in AR services, but 
by combining virtual space finely and extensively 
reproduced by point cloud data, as described above, 
with a smartphone or AR glasses equipped with a 

3D point cloud 3D point cloud (colored) Cyber space reconstructed from 3D point cloud

Actual Ogijima Island (left) and reconstructed Ogijima Island based on 3D point cloud data (right)

Fig. 1.   Example of spatial reproduction using point cloud data (Ogijima Island).
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camera, it becomes possible to position users in the 
cyber and real worlds correctly in mutual space and 
enable them to communicate freely in the same space 
(Fig. 3). The latter technology will achieve intersect-
ing space, enabling users in the real world to sit next 
to or share a table with an avatar, etc. in the cyber 
world through a multilayer 3D arrangement design of 
a half mirror, display, and a group of physical objects 
such as a desk or sofa. This technology will enable 

natural bidirectional communication between multi-
ple users existing in both worlds without having to 
wear VR goggles or other equipment.

A Glasses-free XR AISEKI system was introduced 
at the Cho-Kabuki Powered by NTT event in April 
2023 in the form of a shared-seating magic lantern tea 
house where conversation with virtual diva Hatsune 
Miku could be enjoyed while sitting alongside her in 
the same space. Visitors and experiencers evaluated 

Fig. 2.   Presentation of walking sensation using sounds and vibrations (experiencing scene).

Wooden stand Vibrator

Fig. 3.   Communication using High-precision VPS (image). 

Cyber world user (avatar)

Real world user
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the system highly giving comments such as “I could 
see Hatsune Miku in 3D!” and “Being so close to her 
gave me a thrill!” [4] (Fig. 4). We plan to achieve a 
more compact and frameless system that will make it 
even easier to use with a more immersive experience.

4.   Another Me

4.1   �Identity, autonomy, and oneness of Another 
Me 

We aim to achieve a society in which everyone can 
overcome constraints such as time and space and 
even handicaps and expand the opportunities in their 

lives. Another Me simultaneously possesses “identi-
ty” that reproduces not only a person’s appearance 
but also behavior and internality, “autonomy” where-
by Another Me acts on its own in the metaverse 
beyond the constraints of the real world, and “one-
ness” in which the results of such activities are shared 
with the real person as an actual experience (Fig. 5). 
To achieve a level at which one can share their iden-
tity with their avatar to the point of feeling that the 
avatar is “me,” we have undertaken research even 
from a philosophical point of view and have found 
that this sense of identity includes a desire to connect 
with other people and society. We can envision a  

Fig. 4.   Glasses-free XR AISEKI system (Experience sitting next to a hologram. Just like a sci-fi movie).

Fig. 5.   Another Me (identity, autonomy, oneness).
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variety of use cases in this regard such as consulting 
with an avatar in place of the real person using that 
person’s specialized knowledge or carrying out work 
in collaboration with that person. On the basis of such 
use cases, we have been researching and developing 
elemental technologies for Another Me and working 
to implement Another Me in society using those tech-
nologies. In this article, we focus on three of these 
technologies—body-motion-generation technology, 
personality extraction technology, and personality 
reproduction and dialogue technology—and intro-
duce our activities in applying them.

4.2   CONN for expressing natural body motion
We have been linking the facial expressions and 

full-body motion of the digital human “CONN” 
(Fig. 6), a virtual personality co-created by NTT 
Communications Corporation, NTT QONOQ, INC., 
and Toei Company, Ltd., with the body-motion-gen-
eration technology of Another  Me and conducting 
experiments.

Body-motion-generation technology enables the 
generation of natural and human-like facial expres-
sions and full-body motion while speaking from a 
small amount of data [5]. Generating a model from 
body motion, and the speech and its content uttered 
during such motion makes it possible to automati-
cally generate body motion from uttered speech only. 
The model is trained to generate body motions in 
accordance with the meaning of the utterances made, 
smooth out body motions that reflect semantic coher-
ence, and generate not only body motions that appear 
regularly but also those that appear in special con-
texts.

In the digital human CONN, human-like, natural 
body motion has been achieved by collecting and 
modeling the body motions of people acting as mod-
els and the speech uttered during those motions and 
generating motions tailored to the utterances made by 
CONN. 

4.3   �Personality extraction and reproduction by 
meta-communication service MetaMeTM

With the aim of enabling anyone to have Another 
Me as one’s alter ego, NTT Human Informatics Labo-
ratories is testing and implementing personality 
extraction technology and personality reproduction 
and dialogue technology in MetaMeTM*, a meta-
communication service developed by NTT DOCOMO 
[6]. 

Personality extraction technology trains a vector 
for each individual that embeds information from that 

person’s behavior log concerning personality and 
values that affect behavior [7] (Fig. 7). This technol-
ogy enables behavior in tune with that person’s val-
ues to be reproduced in Another Me. Therefore, simi-
larity between values could be compared to find 
people with similar viewpoints or create a group with 
a diversity of viewpoints.

Personality reproduction in dialogue technology 
reproduces dialogue of a specific individual from a 
small amount of training data. This technology 
achieves this by combining persona-chat technology 
that reproduces dialogue according to the user’s pro-
file and adapter technology that learns personal fea-
tures (tone, phrasing, etc.) from a small amount of 
dialogue data (Fig. 8).

Using these technologies, we developed a proto-
type of a non-player character (NPC) as an alter ego. 
An alter ego NPC communicates beforehand with 
another user on behalf of oneself so that communica-
tion between those two users becomes activated 
when they actually come to meet on MetaMeTM, 
which can lead to the creation of new encounters or 
other opportunities. We are currently conducting a 
proof-of-concept experiment with NTT DOCOMO 
to see whether new social connections can be estab-
lished between users.

Fig. 6.   Digital human CONN.

*	 “MetaMe” is a trademark of NTT DOCOMO, INC.
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5.   Conclusion

As described in this article, most metaverse-like 
services provided thus far have been confined to vir-
tual spaces with the result that the experiences pro-
vided have been different from those of the real 
world. However, as touched upon in Matthew Ball’s 
“Seven Features that the Metaverse Should Have,” 
user experiences in the metaverse of the future will 
span both the real and cyber worlds by seamlessly 
linking and merging these two worlds.

In our Project Metaverse initiative introduced in 
this article, we aim to merge real-world and cyber-
world experiences, enhance the “connection” 
between people and people and between people and 
society, and create an enriching and prosperous soci-
ety that embraces diversity. Please look forward to 
future progress in these efforts.
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[SEP]
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