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Deciphering the next stage

of the world from a symbiotic

Mass-production model Kurumi

relationship between humans and robots

The decision to commercialize Kurumi,
a caregiving and medical support robot

“Humans have evolved intellectually by creating
tools. Now, we have arrived in an era where
the tools humans create are endowed with
intelligence. Incorporating tools with their

own will in our everyday lives should help take
humans to the next stage.”

So says Ryo Saegusa, associate professor at
the Department of Robotics and Mechatronics
in the Faculty of Creative Engineering at the
Kanagawa Institute of Technology. His research
theme is the symbiosis of humans and machines.
In this day and age, robots and artificial
intelligence are rapidly being incorporated into
our daily lives, making research efforts into the
symbiotic relationships between artificial tools
and humans essential.

Two specific research themes are (1) caregiving
and medical support robotics and (2) physical
augmentation interfaces. Efforts in the first theme
include the development of Lucia, a caregiving
and medical concierge robot. The prototype
model in the laboratory is equipped with multiple
features for lightening the load of people working
on the forefront of caregiving and medicine,
including human interaction, patrol, remote
operation, and monitoring of vitals.

“Lucia is equipped with various equipment for

monitoring vitals. Disabled or elderly persons
simply need to grip Lucia's arm with its sensor to
measure vitals such as pulse and blood pressure.
It also features image recognition via cameras
for automated patrols around care facilities,

and thermal cameras with face recognition that
use machine learning to take the temperature of
patients, then send the data to staff if there is a
problem.”

One of Lucia's most important features is
rehabilitation support. It provides visual and
auditory stimulation in walking assistance, and
is expected to help out the elderly and persons
suffering from Parkinson's disease. Such
versatile features have garnered high praise from
the medical community, and the mass-production
model Kurumi with only patrol and monitoring
features is expected to go to market.

Research into physical augmentation interfaces
as mentioned in the second theme are being
applied in rehabilitation efforts. One example
the professor talked about was finger interface
Mano, a rehabilitation device for persons who
cannot bend and extend their fingers.

"To rehabilitate someone who cannot move the
fingers on their left hand, for example, artificial
intelligence would learn right hand movement,
then send the data to Mano, which is worn on
the left hand. This enables rehabilitation via
mirror image motion reproduction. When the

patient views left hand movement, the motor
section of the brain is activated, and physical
stimulation by Mano allows them to perceive
finger movement."

From physics to machine learning
and finally to robot development

Associate professor Saegusa originally
specialized in physics. In that field he learned
modeling, a way to express the phenomena and
principles of the world in mathematical formulas.
He then wondered if this discipline could be
applied to the field of information engineering,
and began working in a machine learning
laboratory in college. He wanted to use machine
learning to create an artificial intelligence but
ran into a problem - without a body, one cannot
create human-specific intelligence. How could he
endow an artificial intelligence with physicality?
In the end, the professor found himself in his
current field of robotics research.

“Using machine learning, | developed a robot
that can mimic human behavior, proving that

the intelligence of the robot is also developing
thanks to physical mimicry. Now as the next

step in my research, | am engaged in creating a
framework from which people can learn through
robotic assistance. This takes shape in the theme
of rehabilitation.”

Recently we hear stories of more than half
the jobs performed by humans being replaced
by artificial intelligences or robots. However,
associate professor Saegusa is only focused on
a symbiosis between humans and machines.
“My interest lies in how the presence of robots
will change humans. If human-derived intelligence
can work in harmony with people, it is possible
to move to the next stage in intelligence, just
as when apes evolved into humans. | want to
decipher the hints to this transformation via
experiments in symbiotic relationships.”

This mirror-image finger rehabilitation system transfers

data simulating movement of fingers on the right hand to

an interface for the left hand. Using a technique known as
“motion copying,” a variety of finger movement patterns are
recreated despite the limited power source.

1 Associate professor Saegusa having discussion with a group of students around caregiving and medical concierge robot Lucia. Many researchers in the laboratory are women.
2 Mouth cavity interface Orale (on left) and finger interface Mano (on right). The mouth cavity interface is expected to be used by ALS (amyotrophic lateral sclerosis) patients.
3 The laboratory is home to an assistive bed and wheelchair for demonstrations akin to situations in the caregiving and medical fields.
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Symbiotic Robot Al to Extend Healthy Life Expectancy

Research leader : Ryo Saegusa, Department of Robotics and Mechatronics, Kanagawa Institute of Technology
Research members : Hidenobu Takao, Department of Robotics and Mechatronics, Kanagawa Institute of Technology
Mari Ueda, Department of Information Media, Kanagawa Institute of Technology
Naomi Aiba, Department of Nutrition and Life Science, Kanagawa Institute of Technology

1. Background

In this period of the declining birthrate and aging population, Japan has been promoting preventive health and health
management that center around the three pillars of "Frailty prevention in care for the elderly,” "Preventive health measures
for working generations” and "Effective utilization of medical resources,” with an aim to achieve the goal of creating a
"society where people live a longer and healthy life” by 2025. There are also extensive researches being conducted in many
other countries to improve people’s mental and physical functions, nutritional status, social participation to increase their
healthy life expectancies. However, while these researches can be effective in increasing the healthy life expectancy, they
lack the perspectives of ordinary citizens, without sufficient considerations of how they can be supported in raising their
awareness of their own health and increasing positive attitude toward their lives. It is yet unknown how we can create
lifestyles and environments where people become more aware of their own health and more willing to take actions to improve
their health. To help people’s healthy life expectancies increase in a self-sustained manner, it is essential to unravel this
question scientifically and create a technological foundation to support a society facing the declining birthrate and aging
population.

Looking back our history, the human lifespan is deeply connected with scientific invention and discovery. The discovery of
firearms and ironware transformed our means of life and environments, thereby improving our nutritional status, and the
invention of microscope and technical advancement in drug manufacturing extended our longevity. Today, when technologies
for calculation and telecommunication are highly advanced, robots and Als, following CTs and MRIs, have been increasingly
introduced in medical diagnosis and treatment. However, robots and Als supporting operations and diagnosis are still
considered as additional tools for medical professionals, and remains to contribute to microscopic intervention with cells and
organs. It is desired to expand the plications of the next generation robots and Als by proactively intervening with people or
patients’ will and incorporating them into macroscopic systems such as human behaviors and psychology.

In this research, we aim to enhance health characteristics intrinsic in individuals by having a symbiotic robot Al learn group
behaviors as well as attune and intervene in an imitative manner. Substantive experiments at nursing care, healthcare and
disability care facilities have proven that symbiotic robot Als create changes in group behaviors and perceptions through
interactions. For example, patients with dementia living in nursing homes can experience improved sleep and less restless
behaviors at night when they are allowed to walk around freely within their facilities accompanied by the robot. Another
example is that patients can learn to feel when they need to excrete as the robot guide them to the toilet when it receives a
toileting alert from a sensor attached to the patient. This research is designed to utilize a robot Al, sensor network, human
interface and cloud system to attune and intervene in human groups and assist them in expanding their healthy life
expectancies in a self-sustained manner by encouraging them to acquire health-enhancing behaviors and mindsets.

We focus on three aspects - "walking,” "conversation” and "eating” - as areas of mutual interaction between the symbiotic
robot Al and human groups, with emphasis on attunement and interventions such as full-body motion, somatic sense, sense
of balance for walking and others; situation awareness, as well as hearing/visual perception and others for conversation; and
mastication, in addition to senses of taste/smell/touch and others for eating. While mutual interaction between humans and
robots are linked to robot therapies that have been becoming popular in recent years, our research differs from robot
therapies in that it is designed to control the level of intervention so that robots promote humans’ development of cognitive
movement but finally make them not dependent on robots. In other words, the robots are intended to support humans but to
be phased out of their lives in the future.
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3. Development

This research intends to experimentally create an Al application system capable of attunement and intervention in human
groups in various situations by setting research and development targets (T1, T2, T3) corresponding to the three areas of
"walking,” "conversation” and "eating.” The developed system will be equipped on our symbiotic robots Lucia and Kurumi
which form the technological foundation of our research, and will be evaluated for functionality at locations including nursing
care and day service facilities, hospitals and home care settings. The research aspect will involve social welfare corporations
and medical research centers for test and evaluation while the business aspect will include eaquipment and prototype
manufacturers who will support commercializing of our research results. The final goal of our project is on-site application of
the symbiotic robot Al application at partner organizations.

The research and development target T1 is designed to develop a self-sustaining support rehabilitation robot along with the
subthemes of "walking rehabilitation and wandering support” and "physiological measurement of eye tracking and guiding of
movements” to guide people’s autonomous movements and improve rehabilitation efficiency. In the research and
development target T2, we will develop an interactive communication healthcare system with the subthemes of "interactive
communication and healthcare” as well as "management of multi-group conversations and audio environments” to achieve
attuning actions by the symbiotic robot and cloud Al and encourage active communication. The research and development
target T3 aims to develop an eating support interface around the subthemes of "supporting oral actions and eating postures”
and "sensory support and food recognition support” to increase cognitive abilities related to eating and improve the level of
eating satisfaction.

4. Road Map

The research will proceed according to a road map developed at the start of the project. Each research and development
target sets a commercialization theme and a research-oriented theme, with commercialization intended to reach a
commercialization evaluation phase within the research period and the research-oriented themes covering on-site research
to prototype evaluation. With the purpose of promoting research and development, we will hold research and development
conferences and open seminars on a regular basis to share individual themes of our research and development targets as well
as results of student research projects. There will be a dedicated room within the laboratory where the symbiotic robot AI will
be exhibited for the purposes of functionality tests prior to on-site testing, as well as another room for showcasing devices
for visitors to have sensory experiences.

We utilize symbiotic robots Lucia and Kurumi, which have been created as a research-purpose model and dissemination
models, respectively, as the technological foundations of our research. Lucia is equipped with key functions which allow for
interaction, patrolling, remote control, vital movement measurement while working in tandem with sensorimotor interface for
the mouth, hands/fingers and the soles of the feet. Kurumi’s functionality focuses on patrolling and human detection,
allowing for low-cost operation. We will combine these robots with the rapidly-evolving convolutional NN type machine
learning system to realize a symbiotic robot Al application system imitatively attuning to human gaze, voice, gesture and
senses to intervene with cognitive behaviors, exploring innovative principles for promoting the development of human health
characteristics.

Research and development
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Human-Machin Interaction based on
Eye Movements and Voice Conversation

I*Yamada, M., 2*Yamamoto, Y., & *Saegusa, R.
*lead presenters, #corresponding author
123 Human Machine Symbiosis Laboratory, Kanagawa Institute of Technology, Japan

Background: Followed by the increasing elderly rate and decreasing birth rate in the
Japanese society, working places of robots and autonomous systems are expanding from
manufacturing plants to our living space such as home, care institutes and hospitals. Robots
working in these places are desired to be intelligent enough to interact with not only adults but
also children and old people who are not familiar with technologies. However, it is unclear
how to design the interaction in order to attract people with rich of emotion and behaviors.

Purpose: We propose a scheme of human-machine interaction based on eye movements
and voice conversation. A target of this study is to uncover physiological and psychological
effects given by gaze and voice interaction. We designed gaze and voice interaction systems
in order to measure audio-visual data from human subjects for the analysis.

Method: The gaze interaction system is composed of a computation unit, eye tracker and
expression display. The system is capable of showing four patterns that represent the
emotional expressions of surprise, anger, joy and sadness, respectively. The voice
conversation system is composed of a computation unit, microphone and speaker. The system
is capable of generating phrases of questions as well as recognizing the answered numbers
that indicate the answer choices.

Results: In experiments of gaze interaction, the experimental results showed that the
expression of anger and sadness gave influences to fluctuate point of gaze and induce blinking
more than the cases of joy and surprise. In experiments of voice interaction, the experimental
results showed that voice interaction gave influence to elevate subject’s awakening, and this
seems to be effective for prevention of apathetic mood and dementia of old people in future.
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Figure: the gaze interaction system (top figures) and voice conversation system (bottom figures).
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Interactive Vital Measurement System based on
Autonomous Mobile Robot and GUI Application

*Yonezawa, Y., 2*Ohno, K., & ¥*Saegusa, R.

*lead presenters, #corresponding author
123 Human Machine Symbiosis Laboratory, Kanagawa Institute of Technology, Japan

Background: Followed by the increasing elderly rate and decreasing birth rate, the
Japanese society faces difficulties to secure labor resources to satisfy the requirement for
nursing care supports. Through the experiences of hearing investigation in care facilities, we
revealed that care staffs working in facilities devote their time to support facility users in
eating, bathing and toileting, while they spend much less time for vital measurements except
for limited facility users in poor health conditions and terminal cares.

Purpose: We propose an interactive vital measurement system based on autonomous
mobile robot and visualization with a GUI (Graphical User Interface) application sytem. A
target of this study is realize interactive management of vital information to maintain the
health conditions of all facility users. In order for the vital measurement, we designed
autonomous mobile robot that holds an interactive arm equipped with vital sensors. Moreover,
the measured vital signals are visualized by a corresponding GUI application system.

Method: The interactive arm is composed of two joints actuated by electromagnetic motors
and a simple cylinder-like grip equipped with a probe of vital sensors. This vital sensor
supports the measurement of SpO> (percutaneous oxygen saturation) and heart rate signals.
The measured vital signals are transmitted via Wi-Fi connection to remote servers that
manage the vital information database of the whole facility. The vital information is
visualized by a GUI application system of mobile devices that care staffs are taking along.

Results: In experiments of human-robot interaction, we examined that the autonomous
mobile robot successfully reached a user’s hand by using its arm. The user then grasped the
grip of the robot arm and vital signals were correctly measured. Finally, the signals were
visualized by the GUI application system. In the future, we will introduce server systems to
share the vital information between multiple care staffs.
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Figure: the interactive vital measurement system (left figure) and measured vital signals (right figure).
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