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Eeature Story

Visualizing the biological information of plants to
benefit the future of agriculture

Kotaro Takayama

Agriculture in Japan is presently undergoing a period of change. Over the last five years, elderly agricultural workers are
leaving the industry at an accelerated pace. Going forward, the farming population is predicted to decline rapidly. On the
other hand, as middle-aged people focus on their health, demand for fresh vegetables is growing, and ensuring their stable
supply has become an urgent issue. This has led to attention on indoor farming and intelligent greenhouses that efficiently
and stably produce vegetables. To meet this challenge, Professor Kotaro Takayama is working on developing solar-powered
indoor farms which practise smart agriculture by monitoring the biological information of plants and analyzing the collected
data. With such systems already in place, Professor Takayama'’s work is now gaining recognition.

Interview and report by Madoka Tainaka

Establishing “strong agriculture”

as a business
In any era, a stable supply of food is an
essential issue. With farms in Japan largely
family operated, Professor Takayama wor-
ries about their ability to continue operating
in the future. In addition, the population of
farmers continues to rapidly decline, and
consumer habits will significantly change
over the next ten years. In order to respond
to both of these issues, Professor Takayama
states that it is essential to create a new
agricultural production system that can
provide a stable supply of fresh vegetables
and other goods.

According to Professor Takayama, “The
best option is indoor farming and/or intel-
ligent greenhouses. If you look at the situ-
ation of about ten years ago, hand-grown
vegetables from local farmers were sig-
nificantly more popular than indoor-grown
varieties, but today it is now possible to
provide a stable supply of greenhouse-
grown vegetables offering 100% trace-
ability. Greenhouse-grown vegetables are
now increasingly entering the mainstream
for consumers due to their proven qual-
ity, safety and security. With middle-aged
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people focusing on their health, and the
demand for fresh vegetables having grown
by around 150% to 200% over the past
ten years, | believe that, moving forward,
reliance on large-scale indoor farms will
gradually increase. On the other hand,
operating such facilities requires adequate
financing, which means the farms will need
to establish proper business models. To
achieve that, managing production will be
essential. Up to now, this industry has relied
mainly on the intuition and experiences of
experts, but there was essentially no scien-
tific approach,” says Professor Takayama.

Knowledge about environmental controls for
indoor farms first developed approximately
20 years ago, and automated computer
controls are already being implemented

Commercially profitable large scale of intelligent
greenhouse is essential

across the world. However, testing has not
been sufficient. To address this, Professor
Takayama created an optimal produc-
tion system to monitor plant growth and
regulate the environment using extremely
low-cost methods.

“A scientific approach is sure to improve
productivity,” he says. “However, even if
yields increase by 400% or 500% com-
pared to a normal greenhouse, it is point-
less without a business model. We need
to look at the balance between cost and
revenue while providing optimal produc-
tion. To do this, we first need to measure
conditions, analyze the resulting data, and
determine optimal production. If we can
do that, | believe we can realize a strong
agricultural industry that can compete in
the marketplace,” says Takayama.

photosynthesis, controlling the
cultivation environment
Addressing this, Professor Takayama has
adopted image-based measurements and
analyses to understand plant growth condi-
tions. He goes on to explains the background
behind his methods.

I Measuring and diagnosing plant
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“‘CCD cameras that would have cost
1,000,000 yen 10 years ago have become
cheaper, and cameras with the same func-
tions are now equipped on smartphones. It
is now even possible to analyze images with
smartphones. Due to this, image analysis
technology can now be brought on site to the
farm,” he says.

Particularly revolutionary is his research that
uses images to capture the plant's photo-
synthetic activity. In a world first, Takayama
developed a robot that can automatically
measure photosynthesis in indoor farms. In
2017, Iseki & Co., Ltd. began selling the robot
as a diagnostic device for plant cultivation. In-
door farms are broadly divided into artificially
lit facilities that use LEDs and other artificial
light sources, and solar-powered varieties.
Professor Takayama focuses on the latter.

“The robot automatically moves throughout
the solar-powered indoor farm at night and
measures fluorescent imagery of tomato
chlorophyll (Chl),” he explains. “Chlorophyll
absorbs light energy, and the chlorophyll
fluorescence is a portion of leftover energy
that was not used in photosynthesis. It is dis-
charged as red light.

PC in the automatic

The robot automatically moves throughout the
solar-powered indoor farm at night and measures
fluorescent imagery of tomato chlorophyll

To measure this, the leaves of the tomatoes
are illuminated at night using a blue LED
excitation light. Then, the robot stimulates the
photosynthesis reaction system artificially and
the change in the intensity of the chlorophyll
fluorescence is measured. The process by
which the chlorophyll fluorescence inten-
sity changes with time is called an ‘induction
phenomenon.” In 1987, my instructor, Kenji
Omasa, Professor Emeritus of the University
of Tokyo, became the first person in the world
to take image measurements of this process.
Changes in fluorescence intensity show the
plant's photosynthetic capabilities and stress
impacts, so it is helpful in understanding plant
conditions.”

Upon actually using the robot to measure a
170- by 76-meter greenhouse growing 30,000
tomato plants, it became clear that photosyn-
thesis activity varied by location. Visualizing
the analysis results through a heat map makes
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it possible to improve the state of growth by
controlling various environmental conditions
such as water volume and temperature.

Using a variety of new technologies to

bring about innovations in agriculture
Professor Takayama is also working on a
real-time monitoring system to measure pho-
tosynthesis. With this system, the cultivated
plants are wrapped in tubular, transparent
vinyl bags, and the rate of photosynthesis and
transpiration is examined by measuring the
concentration difference of H,O and CO, in
air flowing in from below the tube, and in the
air ejected from a fan above. The low-priced
sensor's ability to precisely measure pho-
tosynthesis and transpiration has garnered
attention, and in 2019, the system went on
sale as a joint collaboration between Kyowa
Co., Ltd. Division of Hyponica and Plant Data,
a venture launched by Toyohashi University
of Technology. The system is getting lots of
attention, with inquiries even coming from
countries with advanced agricultural indus-
tries, such as Holland.

Photosynthesis and transpiration real-time
monitoring chamber

“Though increasing CO, concentration
encourages photosynthesis, injecting CO,
is not necessary if there is already sufficient
photosynthesis occurring. This reduces cost.”
explains Professor Takayama.

In addition, a cheaper lightweight hanging
robot that can be used in conventional small
and mid-size greenhouses to measure plant
biology imagery information is also being
offered. In addition to measuring chlorophyll
fluorescence imagery, moving the camera up
and down makes it possible to capture color
images of the entire plant and precise details.
Using deep learning to analyze the acquired
images makes it possible to automatically
detect changes in growth along with flowering
and fruit bearing conditions. This is helpful in
predicting harvest time and yield. Work is also
underway to develop a visual user interface
that will make this information intuitive to
understand.

“Deep learning is an incredibly groundbreak-
ing technology. You can quickly analyze and
develop growth models that would have
previously taken a significant amount of time.

Feature Stor!

Gathering large volumes of data from daily
measurements makes it possible to further
increase precision. Deep learning-equipped
Al makes it possible to dramatically change
conventional agriculture.” says Takayama.

In addition, research and development is
advancing to measure plant stress conditions
by utilizing super-compact odor sensors
equipped with ultra-sensitive silicon CMOS
ion imaging sensors developed at the univer-
sity by Professor Kazuaki Sawada.

“In fact, neighboring plants communicate with
smell, and diagnosing these odors shows us
the health of the plant. Though | learned this
when studying abroad in Holland in 2007,
at the time | could have never imagined that
we would be able to develop small, low-cost
sensors. We can use these odor sensors as
alarms to show us when there is insufficient
water or too much pesticide. Furthermore, we
expect these simple sensors will be able to
be used at production sites,” says Takayama.

With abnormal weather patterns and disas-
ters common in today's world, more and
more people are looking for a reliably priced
supply of vegetables that can be consumed
with peace of mind. Professor Takayama's
accomplishments put him at the forefront of
such future innovations in agriculture.

Reporter’s Note

Fond of biology and physics from a young age,
upon arriving at university, Professor Takayama
studied agricultural machinery and agricultural civil
engineering. His field of study focused mainly on the
durability of agricultural machinery, which was not
a popular field at the time. However, while studying
under his instructor, Takayama had the opportunity
to measure chlorophyll fluorescence, and he then
began to work to apply his research to the agricul-
ture industry.

“At the time, machinery was very expensive, and
the idea of applying my research to the agricultural
field was dismissed as nonsense. But as the tech-
nology developed into the present day, consumer
needs significantly changed, and the field became
a real focus of attention. Even | was surprised,”
says Professor Takayama.

Smart agriculture and smart food chains are now
the biggest topics for humanity, and are essential
in achieving a sustainable society. Professor
Takayama humbly dismisses his successes as
being down to good timing, but perhaps it is more
likely that his insights were key.
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Researcher Profile

Dr. Kotaro Takayama

Dr. Kotaro Takayama received his PhD degree in 2004 from The University of Tokyo, Japan. He started his
carrier as a research assistant at Enime University in 2004 and became an assistant professor there in 2007
From 2013 to 2017, he was an associate professor, and became a professor in 2017 there. He held a broad
variety of positions including a guest researcher at Wageningen University and a part-time lecturer at Osaka
Prefecture University and Yamaguchi University, respectively. He joined at Research Center for Agrotechnology
and Biotechnology, Toyohashi University as a specially appointed professor in 2018. Now he is a professor at
Electronics-Inspired Interdisciplinary Research Institute, Toyohashi University of Technology and Ehime University.

Reporter Profile

Madoka Tainaka is a freelance editor,
writer and interpreter. She graduated
in Law from Chuo University, Japan.
She served as a chief editor of “Nature
Interface” magazine, a committee for
the promotion of Information and Sci-
ence Technology at MEXT (Ministry of
Education, Culture, Sports, Science and Technology)
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Research Highlightg

The ‘eyes’ say more than the ‘mouth’, and can
distinguish English sounds

A new method to estimate English /I/ /r/ discrimination ability from human pupillary response

by Yuya Kinzuka

A joint research team comprised of members of Toyohashi University of Technol-
ogy’s Department of Computer Science and Engineering, and EIIRIS (Electronics-
Inspired Interdisciplinary Research Institute), has discovered that the difference
in the ability to hear and distinguish English words including L and R, which are
considered difficult for Japanese people, appears in pupillary (the so-called “black
part of the eye”) responses. While pupil dilation performs a primary role of adjust-
ing the amount of light that enters the eye, it is known that it can also reflect the
cognitive state of humans. In this study, the research team conducted experiments
to simultaneously measure the size of the pupil while playing English words in com-
binations such as “Light” and “Right”, and clarified that it is possible to objectively
estimate the ability to distinguish English words by observing pupil dilation.

In an increasingly globalized world, we often hear
about the importance of improving English profi-
ciency. However, we Japanese are said to be very
weak in the pronunciation of and the hearing and
distinguishing of L and R which are sounds that do
not originally exist in Japanese, such as in “glass’
and “grass”. Given our understanding that words
that cannot be recognized cannot be pronounced,
the ability of each person to hear and distinguish
English is a very important indicator in effective
English learning.

As in the proverb: “The eyes say more than the
mouth”, it is known that pupil dilation can reveal vari-
ous cognitive states. So, the research team tried to
estimate the ability to hear and distinguish L and R by
focusing on pupillary dilation response in which the
pupil dilates with respect to the difference in sound.
For this study, the research team played a repeating
loop of words with an English L sound (e.g., “light’)
into which were randomly dispersed examples of the
same word but with an R sound (e.g., “right”). The
team then investigated how the pupils of test partici-
pants responded to those sounds. Participants were
classified into two groups according to their scores
in a test of their ability to distinguish English sounds,
which was performed in advance, to compare the
pupillary response of both groups.

As a result, the group with a strong ability to hear
and distinguish the L and R sounds showed a larger
pupillary response than the group with a weak abil-
ity to hear and distinguish them. It was also found
that this pupillary response alone could estimate
the ability of the participants who had been tested
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Scene of the pupillometry experiment

in advance to hear and distinguish English, with
extremely high accuracy. Participants of the experi-
ment were not required to pay attention to the English
words they were listening to, they just needed to let
them play, but their ability to hear and distinguish
could be estimated from their pupillary responses
alone at that time. The researchers believe that in
future, this finding could provide a new indicator for a
simple estimate of the ability of a person to hear and
distinguish English.

“Up to now, the evaluation of an individual's English
listening ability has been carried out by actually
performing a test in which they are made to listen
to English words, and scoring whether the answers
are correct or incorrect. However, we focused on the
pupil, which is a biological signal, with the goal of
extracting objective abilities that did not depend on
the participants’ responses. Although all research
participants could identify that there were two differ-
ent sounds being played, their pupillary responses
differed according to their English ability. So, I be-
lieve that this indicates that there is a possibility that
our pupillary responses are reflecting differences in
unconscious language processing”, the lead author
Yuya Kinzuka, a PhD candidate, explained.

Professor Shigeki Nakauchi, who is the leader of the
research team, explained, ‘It was difficult for even
the person themselves to recognize their listening
ability, which sometimes led to a decrease in train-
ing motivation. However, this research has made it
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possible for not only the person themselves, but
also a third party to visualize the listening ability of
the learner objectively from the outside. | expect that
in the future, objective measurement of the ability to
hear and distinguish things will progress in various
fields such as language and music.”

In addition, explains research member Professor
Tetsuto Minami, “This discovery shows that not only
simple sounds such as pure tones, but also higher-
order factors such as differences in utterances are
reflected in pupillary response. | expect that it will be
useful as an English learning method if it is possible
to improve the ability to hear and distinguish things
by controlling pupil dilation from the outside.”

The research team has suggested that a new method
fo estimate the ability to distinguish English sounds
from pupillary response, based on these research
results, could form the basis of a system for efficiently
studying the ability of Japanese people to distinguish
the challenging L and R sounds. Furthermore, it is
known that learning difficulties caused by the dis-
tinguishing of sounds that do not exist in the native
language also occur when for example an English
speaker learns Chinese. Ultimately then, we hope
that this will become a new indicator of estimating
language ability that is not limited to Japanese. In
addition, these research results are expected to be
useful for language learning in patients with move-
ment and speech disorders as there is no need for
the participants to pay attention to or physically
respond to English words.

This study was conducted with the assistance of
Grants-in-Aid for Scientific Research A(26240043)
and Basic Research B(17H01807) from the Japan
Society for the Promotion of Science, Ministry of
education.

Reference
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Microfluidic chip technology enables rapid multlplex
diagnosis of plant viral diseases

Early detection of crop disease at the genetic level, and protection of food safety

By Takayuki Shibata

A research team composed of Professor Takayuki Shibata and his colleagues
at the Department of Mechanical Engineering, Toyohashi University of Tech-
nology has applied a microfluidic chip technology to develop a multiplex ge-
netic diagnostic device for the early detection and prevention of crop diseases.
The group conducted a gene amplification experiment using four kinds of
cucumber viruses on the palm-size diagnostic device, and successfully dem-
onstrated that the rapid multiplex diagnosis can be performed within 1 hour
of testing. This diagnostic device is a highly versatile technology that can be
used for genetic diagnosis of disease or infection not only in crops, but also
in humans, and across a wide range of industries such as the agriculture,
livestock & fisheries industries, the food industry, and health/medical care.

In the context of increased food demand due to
world population growth and decreased produc-
tion due to abnormal weather, the “steady supply
of safe and high quality agricultural, forest, and
fishery products and food” has become a pressing
issue common to all humankind in order to actual-
ize a sustainable world (Sustainable Development
Goals, SDGs). This research aims at developing
a diagnostic technology to support the effective
and stable production of high quality crops. By
utilizing this technology, even regular agricultural
producers without special knowledge or skills can
easily and rapidly test for plant diseases and
insect pests at their farms at the genetic level.

Loop-mediated isothermal amplification (LAMP) *
is one of the methods for detecting target nucleic
acids (DNA or RAN). This approach can amplify the
targeted gene at a constant temperature (60-65C
for 30 minutes to 1 hour) without expensive instru-
mentation for high-precision temperature control
in PCR assays, which is the most commonly used
genetic diagnosis technique. Therefore, the LAMP
method has considerable potential for providing
an easy-to-use diagnostic tool and enabling on-
site diagnoses. However, with the conventional
LAMP method, multiple-item viral diagnosis is
complicated because of the amount of samples
(target DNA or target RNA), reagents preparation,
and gene amplification reactions required for
the test. This process also requires specialized
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knowledge and skills.

Here, the research team has solved this problem
by employing microfluidic chip technology.
We have developed a polydimethylsiloxane
(PDMS)-based microfluidic device for the multi-
plex genetic diagnosis of plant diseases by using
semiconductor manufacturing technology. The
fabricated multiplex genetic diagnostic device
consists of an array of five reaction chambers
(3 pL in volume) and a microchannel (200 um in
width and 80 um in height which together form a
connected network. The device is approximately
45 mmx25 mm in size (less than 1/3 the size of
a standard business card). As a sample, an RNA
sample containing viral RNA target extracted
from diseased cucumber leaves collected at a
farm was used. In the operating procedure for the
multiplex LAMP assay, a mixture of sample and
reagents were autonomously dispensed into the
multiple reaction chambers, with just one opera-
tion for introducing the mixture into the inlet port of
the device. Then, the device was heated in hot wa-
ter (63°C for 40 minutes to 1 hour), resulting in the
specific amplification of targeted nucleic acids.
As shown in the figure, two kinds of RNA viruses
were successfully detected simultaneously on
our diagnostic device. It should be noted that the
device has the ability to simultaneously diagnose
up to four different kinds of plant viral diseases.

() Chamber1 Chamber 2 Chamber 3 Chamber 4 Chamber 5
DW MYSV. [ad (GMMV [

. —
After heating at 63°C for 60 min
(b) = Sample : MYSV & CCYV viral RNAs
1

©30min W 40min
m50min W 60min

sity (a.u.
5
g

©
g

MYSV
Mmelon yellow spot virus

2
g

Negative Negative| | yc,

N 2
2 8

Elkumber mosaic virus

Fluorescence inten:
°

Nod  No2  No3  Nod  Nos
(OW)  (MYSV)  {CCYV) (KGMMV) (CMV)

The simultaneous detection of multiple RNA-based plant

viruses (MYSV and CCYV)

(Fluorescence intensity increased only in reaction cham-

bers No.2 and No.3 corresponding to target viruses)

Positive  Positive  DOmin  020min | [ @A bocod plant viruses

Cucurlw it chlorotic yellows virus

MV
Kvun green mottle mosaic virus

TUT Research No. 23 Nov. 2020

The team now plans to develop a diagnostic de-
vice for enabling the simultaneous detection of a
total of eight items, including four kinds of cucum-
ber viral diseases and four kinds of insect pests,
with the aim of putting the device to practical use.
In principle, it is possible to freely customize the
types of target viruses to meet individuals’ specific
needs on our diagnostic device. Therefore, look-
ing ahead to the “life with corona” era, we will pro-
vide a platform for the rapid multiplex diagnosis
of human infectious diseases (such as the novel
coronavirus and the influenza viruses). We will
also realize rapid multiplex allergen testing in food
production (seven specified raw material items:
wheat, buckwheat, peanut, egg, milk, shrimp, and
crab) as a tool for improving food safety.

This research was partially supported by “Knowl-
edge Hub Aichi”, Priority Research Project from
Aichi Prefectural Government. Additionally, this
work was conducted as a part of “the Cooperative
Project for Innovative Research” (Microfluidic-
based Genetic Diagnostic and Improving Tech-
nologies for Enhancing Food Safety), funded by
Toyohashi University of Technology.

*LAMP is an isothermal gene amplification method
developed by Eiken Chemical Co., Ltd. (http://loopamp.
eiken.co.jp/eflamp/). This is a technique to amplify a
target DNA at a constant temperature (60 - 65) by using a
set of four to six primers specially designed to recognize six
to eight distinct regions on the target gene based on strand

displacement reaction.
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Research Highlight

Why can our brains learn and memorize?

Comprehensive understanding of expression mechanism of long-term potentiation and long-term a

depression of hippocampal excitatory synaptic strength

By Kouji Harada

The long-term potentiation (LTP) and long-term depression (LTD) of the strength
of hippocampal excitatory synapse involved in learning and memory formation
in the brain have been separately explained, but the molecular mechanism that
comprehensively explains them has not been elucidated. Assistant Professor
Dr. Kouji Harada, from the Department of Computer Science and Engineering at
Toyohashi University of Technology and Associate Professor Dr. Tomonari Sumi,
from the Research Institute for Interdisciplinary Science at Okayama University fo-
cused on the competition of exocytosis and endocytosis of AMPA-type glutamate
receptors dependent on the number of calcium ions that flow in the postsynapse
of hippocampal excitatory neurons, and demonstrated a comprehensive under-
standing of the LTP and LTD by a large-scale mathematical model simulation.

N-methyl-D-aspartate  (NMDAHype  glutamate  receptor
(NMDAR)-dependent long-term potentiation (LTP) and long-
term depression (LTD) in synapses on hippocampal excitatory
neurons are considered to be a molecular basis essential o
form the neural circuits invalved in leamning and memory. In
mammalians, it has been proved that the main factor of the
induction of LTP and LTD results in an increase and decrease
in" -amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
(AMPAJype receptor (AMPAR) at the postsynaptic membrane,
depending on the calcium ion volume. However, the mechanism
of the fluctuation of the AMPAR has not been elucidated. In ad-
dition, the true nature of the main pathway for AMPAR trafficking
to the postsynaptic membrane remains up for debate as can be
seen in the following studlies.

Penn, et al. showed that the long-range lateral diffusion of AM-
PAR directed from areas other than the postsynaptic membrane
(e.g. dendrite shaft) to the postsynaptic membrane is the main
pathway for AMPAR trafficking for the LTP [1], and the long-
range lateral diffusion pathway has been considered to be the
most likely candidate as the main pathway. On the other hand,
Wang et al. demonstrated the importance of the active fransport
of recycling endosomes containing AMPAR by molecular motor
myosin Vb [2], and Wu et al. observed the exocytosis of the
recycling endosomes containing AMPAR during the induction
of LTP [3]. These studies embodied the elemental processes of
AMPAR trafficking via the recycling endosome pathway. Cur-
rently, itis still unknown which pathway for AMPAR trafficking is
themain one, but since all of these studies basically focus on the
induction of LT, there remains a need for an explanation of the
pathway including the induction of LTD without inconsistency.

Assistant Professor Harada and Associated Professor Sumi
modeled the following 4 processes of “active” transport of
recycling endosomes containing AMPAR by molecular motor
myosin Vb as a pathway for AMPAR trafficking to the postsyn-
aptic membrane in order to comprehensively explain the LTP/
LTD (Fig.1).

+ AKAP150 signaling complex controlling the phosphorylation/
dephosphorylation of subunits, GluAt and GIuA2, that consti-
fute AMPAR (Upper left of Fig.1)

+ Endocytosis of AMPAR to the cytoplasm by a calcium-binding
protein, PICK1 (Upper right of Fig. 1)

+ Stationary active transport of recycling endosomes contain-
ing AMPAR toward postsynaptic membranes by myosin Vb
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(Lowerright of Fig.1)
+ AMPAR uptake at around postsynaptic membranes by Syt1/7-
dependent exacytosis (Lower left of Fig.1)

A simulation using a postsynaptic model based on these pro-
cesses successfully reproduced the time course of the number
of AMPAR corresponding to the induction of LTD and LTD
abserved in the experiment (Lower right of Fig. 2). In addition,
the qualitative reproducibility of certain results demonstrated the
validity of the model. These results include impaired LTP induc-
tion due to interference of Myosin Vo transport, impaired LTD
induction due to decreased rate of reaction of PP2B-dependent
dephosphorylation of AMPAR, impaired LTP and LTD inductions
due to PICK1 expression level, and impaired LTP induction in
Syt calcium-binding domain mutant.

The conclusions drawn from this simulation are as follows.

1.The LTP (or LTD) expression is caused by a phenomenon
whereby the exacytosis triggered by the activation of Syt1/7
hecomes more predominant (or inferior) than the endocytosis
friggered by PICK1 activation, resulting in an increase (or
decrease) in the number of AMPAR at the postsynaptic
membrane.

2. The difference in calcium-dependent activation between the
calcium sensors, PICK1 and Syt1, results in a difference in
these calcium-binding constants.

3.Myosin Vb caries the recycling endosomes containing
AMPAR toward around the postsynaptic membrane by
stationary ATP driven transport not dependent on calcium
concentration,

4.As a result, the recycling endosomes are waiting on cell
membranes so that they can immediately address the next
Syt1-dependent exocytosis, enabling the rapid LTP induction.

5. AMPARs taken up fo around the postsynaptic membrane
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Fig.1 AMPAR transport system in postsynapse repro-

ducing LPT/LTD of hippocampal excitatory neurons.
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due to exocytosis are immediately reallocated to the synapse
membrane by the lateral diffusion.

The neural network model mimicking the higher brain function
can leam changes of synapse coupling coefficient, and Heb-
bian rule is known as a most basic leaming rule. The Hebbian
rule and its extended/modified versions are currently used as
learning rules, which are known to be closely related to NMDAR-
dependent LTP. The achievement of this study provides a
molecular basis for the Hebbian rule or changes of synapse
binding, which is expected to be a hint to understand the high
brain function from the molecular level.

This study was supported by the Grants-in-Aid for Scientific
Research of Japan Society for the Promotion of Science (JSPS)
(JP16K05657, JP18KKO151, JP16K00389).
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Starting development of a wireless charging system

for amusement park Go-karts

A future vehicle that will make children’s dreams come true

By Takashi Ohira

[OF =]

In response to a request from the city of Toyohashi, the Future Vehicle City Research
Center at Toyohashi University of Technology has started to develop a wireless re-
charging system for the go-karts at Nonhoi Park , Toyohashi's Zoo & Botanical Park.
Nonhoi Park operates a go-kart track for children. Just as for cars on public roads,
converting the go-karts on the premises from conventional gasoline-powered vehicles
to electric ones would help reduce their impact on the environment. In addition, elec-
tric go-karts are also more child-friendly as they emit no exhaust gas or engine noise.
Furthermore, the electric go-karts are motor-driven, meaning that they also have high-
er starting acceleration performance. This makes them the perfect machine for a go-
kart track with many curves. Not only children, but adults too will be fascinated by the
experience of exciting, real-life go-karting that cannot be found in any digital game.

Typical electric go-karts have a drawback
specific to the electric type: namely, the
battery problem. Currently, the heavy bat-
teries are removed from the go-kart by an
attendant and carried to an electrical facility
for charging. This led the research team to
consider the challenge, “When the go-kart
returns to the boarding area after traveling on
the track, might it be possible to charge the
batteries quickly before the next departure
without removing them?” One early thought
was 1o attach and remove a charging cable
to and from the go-kart. However, the cables
for quick charging are thick and heavy, mak-
ing them too cumbersome for easy regular
use. Therefore, we came up with the idea of
wireless charging. If we could lay electrode
plates on the road surface of the go-kart
stopping area and wirelessly transmit power
to the go-kart from there, there would be no
need to handle heavy cables.

The laboratory has since commenced this
research on wirelessly charging the go-karts
in Nonhoi Park. The key to successful quick
charging is the efficient transfer of large
amounts of power. Focusing on hyperbolic
geometry, a special kind of plane geometry
born in Europe in the 19th century, as the key
to high efficiency, the design and prototyp-
ing of a wireless quick charging system that
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A mechanism for transferring energy from
the road surface to a go-kart battery
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make full use of hyperbolic geometry is al-
ready underway. Such hi-tech go-karts could
become a social implementation model for
future electric vehicles. The future go-karts
will make children’s dreams come true with
them as they take flight.

“We faced a major hurdle when thinking
about how to efficiently deliver energy from
the power source to the go-kart batteries
wirelessly. We found that the wireless elec-
trodes and batteries which we were trying
to mount on the go-kart had a completely
different high-frequency impedance (ratio
of voltage to current). We fumbled our way
through various different methods at first,
thinking that there had to be some way for
us to overcome this barrier. Finally, we real-
ized that this problem came down to planar
geometry, which deals with how to bring
two points that are far apart from each other
on the plane closer together. At the same
time, our laboratory proposed an attempt to
utilize hyperbolic geometry, a 19th century
European discovery, to solve contemporary
problems. (References [1] to [9]).

We call this attempt the ‘analog renaissance’.
In hyperbolic geometry, if we try to connect
two points on a plane by the shortest dis-
tance, the path is not always a straight line.
The key to solving the problem was the hy-
perbolic distance metric concept, advocated
by French mathematician Henri Poincaré.
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: ; caré (Drawing by Marimo
Matsumoto, TUT 1st year
graduate student from the
. Electrical and Electronic
+ Information  Engineering
| department)

New solutions are created by incorporating
counter-intuitive geometric ideas into system
design. We will showcase this new solution
at Toyohashi Nonhoi Park.” said Research
Team Leader, Project Research Associate
Minoru Mizutani, the research team leader.
We are grateful that he could share such
fascinating insights about this research.

The goal of the research team members is
to implement the world’s first future-vehicle
technology in Toyohashi at Nonhoi Park.
Their hope is that many people will be thrilled
by the experience of this new go-kart, and
that it will spread to amusement and theme
parks not only in Japan but all around the
world.
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Pick Up

Advanced vehicle probe data collection devices installed in Toyohashi City official vehicles
identify potential pedestrian accident hazard spots

The Advanced Vehicle Probe Data Collection System (“a-probe”) accumulates real-time collision prevention warning data for
pedestrians and vehicles in the cloud, along with the location and time of the driving vehicle, as well as speed sign data and
other information captured from camera images. By analyzing this data and combining it with various other factors such as
the number of lanes on the road, intersections, residential conditions around the road, and traffic volume, we can efficiently
and accurately identify potential roadway hazard spots.

The installation of this “a-probe” on 50 Toyohashi City official vehicles was completed in March 2020, and the data has been
accumulating daily since then.

The data analysis technology developed by Associate Professor Kojiro Matsuo at TUT has made it possible to not only
identify pedestrian accident risk points, but also to create detailed maps of road speed restrictions. The City of Toyohashi
will use this data analysis-based road-traffic safety management system to promote a safer city with the goal of zero traffic
accidents. J21 Corporation based in Toyohashi Japan, the partner in charge of developing this “a-probe”, is leading the
commercialization of the “Traffic Safety Management System with Advanced Probe Data” model.

)

Risk points for pedestrian accidents in Toyohashi City, estimated by a safety performance function (statisti-
cal model) based on pedestrian collision warning data. (Background Map: World Topographic Map: Esri,
HERE, Garmin, Intermap, INCREMENT P, GEBCO, USGS, FAO, NPS, NRCAN, GeoBase, IGN, Kadaster NL,
Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong), © OpenStreetMap contributors, GIS User Com-
munity)
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