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1.   Enrichment of communication for people 
living with ALS

As amyotrophic lateral sclerosis (ALS) progresses, 
cognition remains normal while muscle strength 
throughout the body gradually loses function. People 
with ALS can live their lives to the full term by using 
a ventilator, but they lose their voice due to the tra-
cheostomy surgery required to put on the ventilator. 
Thus, the choice to continue living comes with the 
trade-off of losing speech. Due to the double loss of 
communication through both spoken language and 
physical expression, many people fear disconnection 
from society and lose hope of living. Globally, more 
than 90% of ALS patients refuse to wear a ventilator.

We have been developing cross-lingual text-to-
speech technology, a type of text-to-speech technol-
ogy that reproduces a person’s voice from a recorded 
voice. This technology makes it possible to commu-
nicate in multiple languages while maintaining the 
person’s unique tone of voice. In 2022, a DJ artist 
who is unable to speak due to ALS, was able to share 
dialogue and a musical performance in English using 

his tone of voice. In 2023, he took on the challenge of 
communicating nonverbally by slightly moving his 
body.

For communicating his bodily expressions through 
an avatar in the metaverse, NTT Human Informatics 
Laboratories used motor-skill-transfer technology 
based on the artist’s biosignal information. On stage 
at the Ars Electronica Festival in Linz, a festival of 
art, advanced technology, and culture, the artist with 
ALS performed via an avatar remotely manipulated 
from Tokyo by just slightly moving his body. He 
stirred up the crowd by reproducing his bodily 
expressions that excited the audience before the pro-
gression of ALS.

Surface electromyography (sEMG) can be mea-
sured with sEMG sensors when muscles are moved 
even slightly. When the artist with ALS moved the 
parts of his body that could be moved slightly, even a 
few millimeters, sEMG measurement could be taken 
(Fig. 1). 

When a person intentionally moves a part of the 
body, muscles in other parts of the body may react. 
We observed the muscles of other parts of the body 
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reacting during the interval (shown in yellow) in 
which the artist with ALS moved the indicated body 
part. Therefore, to obtain the sEMG of the muscles of 
the body part the person intends to move, it is neces-
sary to calibrate the sEMG during the state of muscle 
enervation, such as at rest, as the reference values, 
and set a threshold for each body part to determine 
muscle contraction. The resting state of muscles 
immediately after the artist performed was set as the 
reference values, and the thresholds were set in accor-
dance with his exertions during a performance.

Muscle fatigue is a point that should be considered 
when converting continuous sEMG into commands 
to operate an avatar in the metaverse. Muscle strength 
and endurance in individuals with severe physical 
disabilities deteriorate. It is thus necessary to enable 
intentional operating commands for the metaverse 
while conserving energy in the moving body parts. 
We thus adopted the policy of avoiding avatar com-
mands that come from long, continuous muscle con-
tractions or the degree of strength of muscle contrac-
tions. An avatar command is issued on the basis of the 
determination of muscle contraction of each body 
part. An avatar movement in response to an operation 
command is maintained for a certain period. If the 

same bodily operation command is repeated during 
this time, the duration of the reflected avatar move-
ment is extended. Such a policy may seem ineffective 
because it does not reflect the reality of body move-
ments. However, the artist with ALS who experi-
enced this technology felt the avatar was moving as 
he had intended. He felt the actual sense of operating 
the avatar through his own body movements. 

2.   Development of information-prompt 
technology that supports the independence of 

people with dementia in their daily living

The decline in cognitive functions, such as memory 
and language, makes it challenging for individuals 
with dementia*1 to perform tasks that were once rou-
tine, necessitating assistance in daily living. Even 

Fig. 1.    Time-series changes in the marker position at each body part as the distance from the initial static position (blue 
line) and the root mean square (RMS) calculated with the sEMG sensor (red line). The yellow highlights indicate 
the body parts instructed to move.

*1 Dementia: “A syndrome due to disease of the brain, usually of a 
chronic or progressive nature, in which there is disturbance of 
multiple higher cortical functions, including memory, thinking, 
orientation, comprehension, calculation, learning capacity, lan-
guage, and judgement. Consciousness is not clouded. The impair-
ments of cognitive function are commonly accompanied, and oc-
casionally preceded, by deterioration in emotional control, social 
behavior, or motivation.” (From the International Classification 
of Diseases Version 10)
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though the number of elderly people with dementia is 
increasing, there is a shortage of care professionals, 
and the difficulty of providing daily living support 
that meets the needs of each person has become a 
social issue. In terms of future societal trends, as a 
result of the enactment of the Basic Act on Demen-
tia*2 in June 2023 and the expected revision of the 
long-term care insurance system*3 in FY2024, it is 
expected that the deployment of technology to 
address dementia will accelerate. While there are 
many technologies designed to watch over people 
with dementia, there are few technologies designed to 
assist them in their daily living. Developing such 
technologies in the field of dementia is thus highly 
important.

At NTT Human Informatics Laboratories, in col-
laboration with the University of Western Sydney and 
Deakin University in Australia, we have been con-
ducting research and development (R&D) of infor-
mation-prompt technology that encourages individu-
als with dementia to perform activities of daily living 

(ADLs) independently. Specifically, we presented 
notifications and procedures related to tasks of ADLs 
to users with dementia through tablet devices and 
investigated how to effectively prompt the tasks 
using information such as images and sounds (Fig. 2).

Our results indicate the effectiveness of auditory 
prompts and the importance of dividing tasks appro-
priately on the basis of their complexity and familiar-
ity [1]. The results also revealed user opinions high-
lighting the need to customize task division according 
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needed for daily living

Feature 2. Presentation of information to stimulate
continuation of task needed for daily living
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Fig. 2.   Features of information presentation technology to promote independence in people with dementia.

*2 Basic Act on Dementia: Abbreviated name of “The Basic Act on 
Dementia to Promote an Inclusive Society.” “A law that estab-
lishes the basic principles related to dementia-related measures. 
It clarifies the responsibilities of the national government, local 
governments, etc., and sets forth the formulation of plans in rela-
tion to dementia measures, as well as the items that form the 
foundation of dementia measures.” (translation by the author) 
(From “Basic Act on Dementia to Promote an Inclusive Society,” 
Ministry of Health, Labour and Welfare of Japan (MHLW))

*3 Long-term care insurance system: “A system in Japan in which 
members of society as a whole support one another in caring for 
the elderly.” (translation by the author) (From “Overview of the 
Long-term Care Insurance System,” MHLW)
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to each individual user’s capabilities and preferences, 
and suggested that conventional support systems that 
provide uniform assistance to users are insufficient. 
We have also been studying the design of a notifica-
tion system to facilitate attention management for 
completing tasks independently and studying an 
interface design for users to customize the system in 
accordance with their own lifestyle. Our results will 
be presented in future papers.

On the basis of the knowledge gained from the 
above collaborative research and other efforts, we 
have begun an investigation to expand this knowl-
edge into an approach that takes into account “pur-
pose in life” and “inclusive society,” which lie 
beyond “independence,” as our effort going forward. 
We are revising the concept of design with the aim of 
developing technologies that support communication 
for maintaining social connections with others in 
one’s community and promoting psychological trans-
formation to positively embrace dementia. Our 
efforts are currently at the stage of organizing issues, 
taking into account the perspectives of people with 
dementia by conducting surveys through question-
naires and interviews [2]. Collaboration with local 
high school students in the framework of an educa-
tional program is also underway to brainstorm ideas 
for addressing dementia-related challenges. By 
engaging in R&D while collaborating with individu-
als with dementia and high school students, we seek 
to create technology that is rooted in humanity living 
with dementia and in humanity shaping the future 
dementia society. In the future, we plan to apply this 
technology to care robots*4 and information and com-
munication technology that can comprehensively 
support living and life experiences of individuals 
with dementia from cognition to emotion.

3.   Toward neurodiversity

Neurodiversity means perceiving differences 
between individuals in their brains and nervous sys-
tem and various characteristics that arise from them 
as diversity, mutually respecting the differences, and 
making use of the diversity in society. For society, 
including communities such as workplaces, it means 
mutual respect and understanding and providing an 
environment in which it is comfortable for anyone to 
live. We expect that in communities where mutual 
respect and understanding is promoted, there is 
greater psychological safety and more active flow of 
information between members. As a result of such 
changes in the environment, greater creativity will be 

possible in companies, with diversity and psycho-
logical safety as the engine.

At NTT Human Informatics Laboratories, in col-
laboration with NTT Claruty Corporation, a special-
purpose subsidiary of NTT, we discussed and agreed 
that elimination of miscommunication is most impor-
tant in increasing psychological safety and allowing 
demonstration of creativity in a more diverse work-
place. We believe that the largest cause of miscom-
munication lies in ambiguous expressions used in 
conversations during work. The workplace environ-
ment would greatly improve if the risk level of 
ambiguous expressions could be determined and 
pointed out during meetings. We are thus developing 
a prototype tool that notifies users ambiguous expres-
sions. We have made improvements to the tool by 
using findings from its trial use. For example, a user 
requested that the tool should work well with other 
tools (web conferencing tools and various support 
tools). We thus learned the features needed for such a 
tool to satisfy a highly diverse workplace. 

In developing this prototype, the following design 
concepts were implemented on the basis of discus-
sions with NTT Claruty.

•  Any person in any position should be able to 
look at the same screen and mutually confirm the 
notification of an ambiguous expression.

•  During its use, a feedback mechanism should be 
provided for the notification of the ambiguous 
expression. The criteria for notification should 
be easily modifiable.

•  In determining the risk level of an ambiguous 
expression, more consideration should be given 
to members whose communication errors could 
easily lead to serious issues such as leaving their 
jobs, for example, members on the autistic spec-
trum (members with autism spectrum disorder).

•  Interference with current support software 
should be minimized.

•  The tool should have a highly flexible configura-
tion for conversation interventions that meet the 
characteristics of each individual.

The screen of this prototype for ambiguous expres-
sion detection is shown in Fig. 3. All speech is tran-
scribed using speech-recognition software. When an 
ambiguous expression is discovered, users are noti-
fied through a pop-up window in which the word is 
highlighted by changing its color, font, etc., in line 

*4 Care robot: “Care equipment in which robot technology is ap-
plied to support patients in being independent and reduce the 
burden on care partners.” (translation by the author) (From “De-
velopment and Dissemination of Care Robots,” MHLW) 
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with the level of assessed risk of miscommunication. 
(The risk level is a numeric value that expresses the 
predicted severity if miscommunication due to the 
ambiguous expression occurs. Its initial value is 
determined on the basis of the opinions of specialists 
in the field of employment support for people with 
disabilities and adjusted on the basis of feedback by 
trial users of this tool.) The tool is used to promote 
more detailed discussion of ambiguous expressions. 
According to a survey after the trial use, users report-
ed that this tool increased their sense of self-efficacy. 
They gave comments such as “This tool made it eas-
ier to form clear agreements” and “It made it easier to 
understand instructions” (Fig. 4). 

Going forward, we plan to use an improved version 
of the tool and confirm its performance in terms of 
user experience and effectiveness. We will study add-
ing functions that enable understanding of the inter-
nal state of the user by continuing discussions with 
stakeholders. Such functions will enable understand-
ing of the user’s level of understanding of conversa-
tions, their familiarity with work, and their degree of 
concentration.

4.   Movement support for people with 
spinal-cord injuries

The number of people with quadriplegia due to 
spinal-cord injury and who have difficulties with 
daily activities is increasing annually. In Japan, it is 

reported that about 6000 people per year acquire such 
injuries [3]. Movement support for people with spinal 
cord injuries has thus become an important issue. As 
an effort worldwide to address this issue, invasive 
brain-computer interfaces (BCI) are being developed 
mainly by research medical institutes to restore the 
patient’s ability to move. To restore movements with 
invasive BCI, electrodes are surgically implanted in 
the brain and muscles (or nerves), and electrical 
stimulation is applied to the muscles on the basis of 
the results of analysis of brain activity information. 

At NTT Human Informatics Laboratories, while 
respecting individuals’ diverse lifestyles, we believe 
that movements on one’s initiative using one’s body 
is one of the components of well-being in daily living 
and in society. We are engaged in the development of 
invasive BCI technology to restore arm movements, 
which are essential for daily activities such as eating. 
Specifically, we are studying technology that outputs 
electrical muscle stimulation from brain activity to 
restore muscle-coordination movements. Our goal is 
to restore not only relatively simple movements such 
as wrist flexion, which has been achieved in previous 
research, but also daily-life movements that require 
more complex muscle coordination such as drinking 
water from a cup.

To implement this technology, we are developing 
artificial intelligence (AI) technology that extracts 
from brain activity what kind of muscle activity is 
intended on the basis of the pattern of muscle synergy, 

Fig. 3.   Prototype of a communication support tool based on ambiguity detection.



Feature Articles

42NTT Technical Review Vol. 22 No. 4 Apr. 2024

which is a mechanism of muscle coordination that the 
spinal cord possesses. Muscle synergy refers to the 
pattern of coordination of multiple muscle activities 
that appears during a body movement. It is consid-
ered to be the result of the brain’s control of nerves in 
the spinal cord that are supplied to multiple muscles. 
On the basis of this muscle synergy pattern, we con-
structed a model that converts brain activity to mus-
cle activity on the basis of biological data obtained 
from people with healthy arms. By incorporating the 
estimated muscle synergy in the BCI system for indi-
viduals with spinal-cord injury, we expect it can 
compensate for the muscle coordination impaired due 
to the injury and restore movements that require com-
plex muscle coordination.

Conventionally, the estimation of muscle synergy 
has been conducted solely on the basis of muscle-
activity data, resulting in estimations of how muscles 
have coordinated. We believe that muscle synergy 
that reflects nerve connections in brain-spinal cord-
muscles are easier to control from the brain. We have 
thus developed a muscle-synergy-estimation method 
that takes into account brain-activity data acquired at 
the same time as muscle-activity data. Specifically, 
our method uses a deep learning model that features 
layers to simulate muscle synergy and estimate mus-
cle synergy in the process of training muscle activity 
output from brain activity input. Comparing the con-
ventional method with our method by using electro-
corticography of the monkey motor cortex, the region 
of the brain involved in muscle activity, and muscle-
activity data, we confirmed that our method can esti-
mate muscle synergy with greater accuracy.

Going forward, we will investigate the method of 
electrical stimulation of multiple muscles to achieve 

actual muscle activity from the estimated muscle 
activity. We also plan to develop and test a BCI sys-
tem in combination with the muscle-synergy model 
and the method of electrical muscle stimulation to 
confirm the effectiveness of the system in restoring 
muscle-coordination movements.

5.   Depression-symptom-detection technology

Support for mental health has become a major 
social topic. Depression (major depressive disorder), 
while familiar, is known to severely impair daily liv-
ing. It has been reported that about 6 out of every 100 
Japanese have experienced depression, and survey 
results indicate that Japanese society loses about 2 
trillion yen annually due to depression in its mem-
bers. The number of mental disorder cases has been 
on the rise as telework spreads and more people live 
alone. Reports state that the number of patients with 
depression more than doubled between 2013 and 
2020. Because the more severe depression becomes, 
the harder it is to treat; thus, early detection and treat-
ment are crucial. However, people around a person 
with depression and the afflicted person often do not 
recognize depression symptoms, and the case wors-
ens [4, 5].

NTT Human Informatics Laboratories is develop-
ing AI technology that can detect symptoms of 
depression in daily life and promote early treatment. 
As a part of this effort, we have been working to cre-
ate technology that can easily detect depressed mood, 
a major symptom of depression, by applying media-
processing technologies cultivated at NTT laborato-
ries over a long time. The technology detects depres-
sion from the responses of the user’s voice and their 
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expressions in response to specific questions (Fig. 5). 
We collected and analyzed voice and video data of 

people with depressed mood. To date, we have col-
lected voice data from more than 100 people, includ-
ing those diagnosed by physicians as having a 
depressed mood. Comparison and analysis of the 
voice features of people with depressed mood and 
those without revealed the expressions of features 
such as the following in those with depressed mood: 
(1) lack of emotional expression (little difference 
between normal voice and voice when expressing 
happiness or anger), (2) lowered cognitive function 
(delay in answering questions, fewer words spoken), 
and (3) decline in articulatory function (difficulty 
speaking quickly) [6]. On the basis of these findings, 
we created multiple questions (speech tasks) suitable 
for detecting depressed mood and confirmed their 
effectiveness (Effort (1)). We are also constructing an 
AI model that can detect depressed mood (Effort (2)). 
This model is being developed on the basis of self-
supervised learning*5 to detect depressed mood with 
high accuracy from a small dataset of voice data 
belonging to people with depression symptoms. The 
AI model is trained in advance on the features of 
general speaking voices by using a large dataset of 
the voices of people without depression symptoms. It 
facilitates learning by the AI model of voice features 
of people with depressive symptoms.

We plan to develop services that prevent mental 
disorders and contribute to early recovery by using 
the above depression-symptom-detection technology 
to stimulate early mental care while monitoring daily 

living conditions. For the mental health management 
of employees in a company, for example, we plan to 
develop an AI agent service that can detect employ-
ees having depression symptoms from their daily 
communication and connect them to early treatment. 
Therefore, this technology can contribute to promot-
ing health management in companies by implement-
ing early prevention of mental disorders, reducing the 
need to take leave or retire due to depression.
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