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Abstract

The research and development of artificial intelligence (AI) at NTT is advancing along four directions:
(1) Agent-Al for analyzing information issued by people and understanding intentions and emotions in
that information; (2) Heart-Touching-Al for analyzing unconscious and unnoticeable aspects of a per-
son’s mind and body and understanding deep psychological, intellectual, and instinctual states in that
person; (3) Ambient-Al for analyzing and understanding just about anything in the world (objects, peo-
ple, the environment) and instantaneously predicting and controlling those things; and (4) Network-Al
for organically connecting and cultivating multiple types of Al and optimizing the entire social system.
This article introduces the technologies supporting these four forms of Al and specific Al-related activi-

ties in the NTT Group.
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1. Introduction

We are now experiencing another artificial intelli-
gence (Al) boom as interest in its possibilities contin-
ues to grow in science, business, and the mass media.
There are various reasons for this renewed interest in
AL First, research in deep learning, a type of machine
learning technology, is progressing and coming to
dominate a variety of information-communication
fields such as image/voice recognition and under-
standing [1]. Also, when IBM’s Watson question and
answer (Q&A) system beat human champions in a
television quiz show, it ignited a trend in the use of
Al-related technology in the business domain. Final-
ly, the commercialization of various types of human-
oid robots has helped to make many people more
comfortable about a society in which people and
robots coexist. In addition, some researchers predict
that a technological singularity in which Al comes to
surpass all human ability will occur by 2045 [2]. This
possibility is generating a great deal of interest

throughout the world.

While it is important to get on board this Al trend
without delay and take a lead in advancing the
research on it, it is also important to analyze both the
technological and business aspects of Al in a calm
and thorough manner. For example, deep learning
and Q&A systems constitute only a portion of tech-
nologies that will be needed in order to make people
more comfortable with Al, while in the business
domain, the first signs that Al may bring about a
revolution in the industrial structure are starting to
appear.

In these Feature Articles, we introduce some of the
activities underway in the NTT Group that are
expected to lead to a genuine implementation of Al
As an introduction to these articles, we explain here
the four directions that NTT is taking in the research
and development (R&D) of Al
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2. NTT’s four Al directions

The world of Al is quite diverse with many and
varied supporting technologies, and people often
view Al in different ways. For example, Al is com-
monly thought of as the pursuit of human-like behav-
ior in a computer, so that the computer, for all practi-
cal purposes, appears to be human. However, in
today’s information and communication technology
society, all sorts of devices and sensors are being con-
nected to the Internet to form the Internet of Things
(IoT), and the idea that these things can have some
type of intelligence and behave in an organized man-
ner can also be called Al

With this in mind, NTT has established the follow-
ing four concepts or directions reflecting different
forms of Al that can be useful to society (Fig. 1).

(1) Agent-Al for analyzing information issued by
people and understanding intentions and emo-
tions in that information. If we consider Q&A-
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Four Al directions set by NTT.

type Al to be a typical example of conventional
Al, then Agent-Al would be located far out on
the development line extending from that.
Agent-Al can also be called Al in the pursuit of
human-like behavior.

Heart-Touching-Al for analyzing unconscious
and unnoticeable aspects of a person’s mind and
body as well as understanding deep psychologi-
cal, intellectual, and instinctual states in that
person. It is thought that deepening our knowl-
edge of the mechanisms underlying the human
brain and mind will lead to a new world in which
people and Al can interact in a more direct man-
ner.

Ambient-Al for analyzing and understanding
just about anything in the world (objects, peo-
ple, the environment) and instantaneously pre-
dicting and controlling those things. This type of
Al would analyze information from things and
the environment in addition to people and feed
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the results of analysis back to the real world.

(4) Network-Al for organically connecting and cul-
tivating multiple types of Al and optimizing the
entire social system. Reassessing the network as
an infrastructure from an Al perspective should
make it possible to create a completely new
social system.

2.1 Agent-Al

As the name implies, Agent-Al is aimed at achiev-
ing advanced interaction with human beings as a
personified intelligent agent typified by a robot. This
would be accomplished in diverse ways such as by
understanding people and the conditions surrounding
them through voice, language, images, and other
types of media (human understanding technology),
by performing multimodal interaction that includes
human facial expressions, body language, and ges-
tures (interaction technology), and by being conver-
sant in multiple languages and performing compli-

cated reasoning based on a huge amount of knowl-
edge (real world structuring technology) (Fig. 2).
One example of the above within the NTT Group is
the development of an interactive system that is
meant to achieve natural conversation with a com-
puter. This is a joint project between NTT and NTT
DOCOMO, the latter of which is already providing
the Shabette Concier (Talking Concierge) voice-
agent service for smartphones [3]. Further employing
the above technologies and exploiting all relevant
data such as the user’s profile and vital signs data can
enhance contact center operations and customer ser-
vice operations by partially automating the customer
reception process and by providing staff with useful
information in a timely fashion according to the cir-
cumstances. The main point, however, would be to
develop Al that could understand not only the user’s
intentions but also the user’s emotions and that would
always create a positive impression in the user. Simi-
larly, in the healthcare field, Al technology could be
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used to perform first-order processing of huge vol-
umes of vital signs data, thereby reducing the doc-
tor’s diagnostics testing load. In addition, intelligent
Al support could be used to ease the burden on nurs-
ing staff.

In this way, Al will come to replace or support cer-
tain human activities, but at the same time, Al and
people will coexist and co-create sustainable societies
by doing those tasks that each does best. This process
will help to enrich people’s daily lives. In the future,
the aim will be to achieve an agent that can serve as a
background assistant throughout a person’s life. Such
an agent, for example, could enhance the skills and
know-how of young people in their 20s by offering
specialized advice, enhance the creative skills of
experienced staff in their 40s by supporting idea gen-
eration, and supplement the physical faculties and
memory power of senior citizens to improve their
labor force availability and achieve a sustainable
workforce. The end result would be a brighter society
for both younger and older generations of people.

NTT’s current efforts in Agent-Al research and
business development are described in separate arti-
cles in this issue [4-8].

2.2 Heart-Touching-AI

As described above, Agent-Al is a form of Al that
supports people by providing them with knowledge
and functions. However, no matter how advanced the
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knowledge possessed by Al and how complex the
reasoning that it performs, there are still doubts as to
whether Al can become human-like in character.
Against this background, NTT aims to achieve what
it calls Heart-Touching-Al (HT-AI) that further pur-
sues human-like characteristics by understanding the
mechanisms of human cognition through research in
brain science (Fig. 3).

HT-AI does not restrict itself to intelligence. It is
targeted at understanding the essential and funda-
mental components of a person—the intellect,
instinct, and physical body—and to encourage that
person and expand his or her abilities. The idea here
is to break down emotional barriers between indi-
viduals and between an individual and society or the
environment and to overcome physical barriers as
well, and to create a comfortable human society. In
other areas, too, such as sports and the arts, HT-Al is
aimed at enabling anyone to experience the sensa-
tions and flashes of inspiration that only professional
athletes or accomplished artists are thought to have.

Inside the human brain, the neocortex is the outer-
most region and the most recent to appear in the evo-
lutionary process. This region is mostly responsible
for rational and analytical thought and language func-
tions, which is generally the pursuit of Agent-Al.
Underneath the neocortex, there are the cerebral lim-
bic system, brain stem, and cerebellum, which are
older parts of the brain. These parts cannot be ignored
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if we are to understand or influence unconscious cog-
nitive processing, physical movements, and human
characteristics such as trust, loyalty, likes/dislikes,
amiability, and motivation. These functions and
mechanisms, however, are still not sufficiently under-
stood, and measurement and evaluation techniques
are still being developed.

HT-Al is therefore a form of Al that aims to decode
or influence the state of human brain activity. As the
name implies, HT-AI attempts to fouch the heart. It
aims to provide the individual with a comfortable
existence rather than simply being useful. The road to
achieving HT-AI and enabling people to enjoy its
benefits is long, but NTT has already begun activities
toward its realization. These efforts are described in a
separate article in this issue [9].

2.3 Ambient-Al

Ambient-Al pursues things that have some level of
intelligence and that behave in an organized manner.
The word ambient is similar in meaning to atmo-
sphere and environment. For example, ambient music

is meant to create an atmosphere in the listener’s
mind. In Ambient-Al, things that exist just about
everywhere in the environment—that is, devices hav-
ing sensors and actuators—possess intelligence.
Interconnecting them in a network so that they can
communicate and interface with each other will
enable them to make decisions and act autonomously
and to support people in decision-making (Fig. 4). In
2006, NTT proposed the concept of ambient intelli-
gence, in which the existence of a thing with intelli-
gence can be likened to a fairy or guardian angel
“who normally remains hidden while quietly watch-
ing over a person but comes to the rescue whenever a
difficulty or emergency arises in that person’s life”
[10]. In the ten years or so that have passed since
then, the cloud, big data, and mobile communications
have made great inroads in society, and significant
progress has been made in IoT and machine learning.
It can also be said that the elements essential to
achieving ambient intelligence are finally being readied.

The ambient intelligence mentioned above includes
elements of Agent-Al as a personified agent. However,
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the emphasis in Ambient-Al is a real-time cyber-
physical system that continuously repeats the three
processes of decoding hidden causes of events in the
real world through intelligent real-time sensing,
exploring optimal scenarios by performing predic-
tion, reasoning, and detection using the cloud envi-
ronment, and providing feedback based on an appro-
priate system design. In this way, Ambient-Al will be
able to measure the real world (the physical compo-
nent) in real time through devices and sensors situat-
ed ubiquitously in the environment. It will also be
able to predict when, where, and what will occur in
the near future by combining the above measure-
ments with information on the Internet (the cyber
component), to infer cause-and-effect relationships,
to detect hidden signs with high accuracy, and based
on simulations that incorporate the above, to search
out and establish optimal scenarios and perform pro-
active control. NTT is researching and developing
spatio-temporal multidimensional data analysis
technology that models space-time relationships and
predicts where and when a phenomenon will occur
[11].
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2.4 Network-Al

If Ambient-Al evolves even further, it can be envi-
sioned that devices, people, and services connected to
a low-latency, high-throughput network will become
connected and linked as needed to all sorts of resourc-
es, thereby bringing about Network-Al, in which the
network itself becomes Al. As a result, large volumes
of time and space specific data (volatile big data) will
be continuously generated at network terminal points
and all areas covered by the network. It is important
that these data be used effectively (Fig. 5).

However, sharing all of these data in the network—
even in a high-performance network—is not efficient.
It is therefore necessary to process the data first in an
area-centric manner and to perform rapid execution
and control based on judgments made in each area,
even if it is not a 100% perfect solution (area-centric
control). For example, in the event of a major disaster,
we can envision how network facilities in charge of
an affected area could detect the upcoming landing of
an emergency medical helicopter and then activate
the emergency control of drones already active in that
area to rapidly move them away to avoid potential
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collisions.

Next, after such processing in local areas has been
completed, essential portions of that processing could
be hierarchically shared over the network, enabling
comprehensive optimal control. For example, we can
envision how disaster information generated in cer-
tain regions could be used to redesign plans for
global delivery of relief supplies. In this way, it is
important that a good balance be established between
area-centric control, which corresponds to processing
in the cerebellum of the human brain, and compre-
hensive optimal control, which corresponds to the
cerebrum.

In addition, it is important that a high-quality, safe,
and secure network be provided in both normal and
abnormal times by applying Al technology to the
network. NTT is already applying machine-learning
technology for early detection of signs of network
failure and for operation automation and traffic pre-
diction [12]. Future applications of Al may include
automatic blocking of unauthorized access through
inter-network cooperation, construction of mainte-
nance-free networks, provision of a no-call-drop
wireless network, and implementation of an autono-
mous facility add/remove process. New machine-
learning techniques will be required to ensure the
safety of these autonomous operations, in which
people can test and inspect what is being learned and
acquired.

3. Future outlook

This article introduced NTT’s approach to Al in
four key directions. These four forms of Al are in no
way independent of each other but simply reflect dif-
ferent aspects of the broad world of Al In any ser-
vice, each of these four forms of Al will appear in one
way or another, and the technologies common to
them, such as machine learning, pattern recognition,
and optimization, are not few in number. In addition,
R&D of Agent-Al, for example, is making good
progress, while that of the other forms of Al, for
instance, Network-Al, is still in its early stages. In
any case, NTT plans to further promote R&D in each
of these four Al directions going forward. The goal is
to achieve an enriching and comfortable society in
which Al supports people in their daily lives and Al
and people co-create sustainable societies by doing

what each does best.
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