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Summary (April, 2022 - March, 2023)

We were able to conduct closed-loop distributed simulation of a spiking network of
the cortico-basal ganglia-cerebellar-thalamic circuit on the supercomputer Fugaku and a
mouse musculoskeletal body model on a local PC while connecting them over the Internet.
To do this, we developed a communication library for the distributed simulation from scratch,
and published under an open source license. We also developed a biophysical cerebellar
Purkinje cell model that has dendrites and various ion channels, and conducted simulation to
examine if the model shows direction selectivity on sequential activation of parallel fibers. We
published 1 referred paper in Frontiers in Cellular Neuroscience, and gave an invited
educational lecture at NEURO2022.

TabteERE GisC, FEfay)

Kaaya Tamura, Yuki Yamamoto, Taira Kobayashi, Rin Kuriyama, Tadashi Yamazaki.
Discrimination and learning of temporal input sequences in a cerebellar Purkinje cell model.
Frontiers in Cellular Neuroscience, 17,1075005, 2023.
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Summary (April, 2022 - March, 2023)

We continued our research on the computational theory of vision and its software
applications. Continuing from 2021, we developed software programs specified to the virtual
reality (VR) space for psychophysical experiments. As examples of applications using the
software, we conducted research on hyper-expansion of visual angle, a new method for
generating image stimuli suitable for color-blindness person, and perceptual differences
among length-time-speed dependent on visual field position. As computational research, we
developed a new method to obtain the mapping function observed in the primary visual cortex.

We also opened a one-week lecture series on statistics, mainly for students in CNBE labs.
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Summary (April, 2022 - March, 2023)

The main results of this fiscal year are that we have established a novel experimental
methodology based on big-data images with two-photon microscopy regarding cerebral
microcirculation, specifically targeting fine capillaries, blood cell dynamics, and control of
vascular state with optogenetics. By obtaining thousands of measurement points on a three-
dimensional image of cerebral capillaries in mice, the capillaries are characterized as
maintaining at least two states of resting conditions. And by analyzing blood cells passing
through the capillaries, we showed that the influx of blood cells dynamically fluctuates the

spatial distribution of capillary flow resistance across the networks.

TabteERE GisC, FEfay)

[1] Murata J, Unekawa M, Kudo Y, Kotani M, Kanno I, Izawa Y, Tomita Y, Tanaka KF, Nakahara J, Masamoto K.
Acceleration of the Development of Microcirculation Embolism in the Brain due to Capillary Narrowing. Stroke.
2023 Aug;54(8):2135-2144. [IF: 10.17]

[2] Suzuki H, Takeda H, Takuwa H, Ji B, Higuchi M, Kanno I, Masamoto K. Capillary responses to functional and
pathological activations rely on the capillary states at rest. J Cereb Blood Flow Metab. 2023 Jun;43(6):1010-1024.
[3] Niizawa T, Sakuraba R, Kusaka T, Kurihara Y, Sugashi T, Kawaguchi H, Kanno I, Masamoto K. Spatiotemporal
analysis of blood plasma and blood cell flow fluctuations of cerebral microcirculation in anesthetized rats. J Cereb
Blood Flow Metab. 2023 Jan;43(1):138-152.

[4] Masaaki Oshita, Shiro Saito, Tetsuo Kan. Electromechanically reconfigurable plasmonic photodetector with a
distinct shift in resonant wavelength. Microsystems & Nanoengineering 9(1) 2023.3.9

[5] Ryota Kuroki, Shinichi Suzuki, Shun Yasunaga, Masaaki Oshita, Tetsuo Kan. Grating-Based Surface Plasmon
Resonance Sensor for Visible Light Employing a Metal/Semiconductor Junction for Electrical Readout. IEEE

Sensors Journal 22(23) 22557-22563 2022.12.1

13



BRREE

http://www.cns.mi.uec.ac.jp/

o & (2022 £ 4 H~2023 4 3 H)

b bITEBIET - AT O EREZE AR RE (L O WS T I, MRS BT O RS I B L,
H s IMRI % F o 7= BREJE IG5 o 5Hll - RNTE 2 F8R L £ L7z, A<, HEAE =
Tz e b IRBKGES) O R ZE R 2 T35 2 & T, ERERERHE O K22 2 4
METIEZ A O 2 L E L7, E 2 RRS RO S Lic & b 72 5 S - ITEIARICO W
THOLICL X L7, FRCHRE RO TIE, Kt v 2 —DEBo b &, HARERIAE
TOMIET EPHH Rt RFERREZIT, HeleT e e dic, FHEICRY L7

Summary (April, 2022 - March, 2023)

Our group performed the study on the improvement of spatiotemporal resolution of human
brain activity measurement and analysis and succeeded in the application for analyzing
magnetoencephalography (MEG) signals. We also presented a method for the acquisition and
analysis of cortical layer signals using ultra-high-field fMRI. In addition, we revealed
spatiotemporal gaze attraction toward higher-order visual features in the natural scenes. We
also examined perceptual and behavioral changes associated with the embodiment of an extra-
body part. In particular, the demonstration of the extra-body part system and social

implementation experiment in the Miraikan museum gained a lot of attention from society.

TabteER GisC, Rtk l)

[17] Koiso K., Miiller A. K., Akamatsu K., Dresbach S., Wiggins C. J., Gulban O. F., Goebel R., Miyawaki
Y., Poser B. A., Huber L., “Acquisition and processing methods of whole-brain layer-fMRI VASO and
BOLD: The Kenshu dataset,” Aperture Neuro (in press).

[2] Akamatsu K., Nishino T., Miyawaki Y., “Spatiotemporal bias of the human gaze toward hierarchical
visual features during natural scene viewing,” Scientific Reports 13, 8104 (2023).

[3] Umezawa K., Suzuki Y., Ganesh G., Miyawaki Y., “Bodily ownership of an independent
supernumerary limb: an exploratory study,” Scientific Reports 12, 2339 (2022).

[4] Arai K., Takahara T., Ueda D., Fukunaga M., Ganesh G., Miyawaki Y., “Neural correlates of
independent sixth finger embodiment,” Neuroscience 2022, San Diego, CA, USA, November 2022.

[5] Miyazaki K., Nirasawa S., Akamatsu K., Yamashita O., Miyawaki Y., “Noise tolerance and
information spreading in MEG source estimation using a structured Bayesian model with hierarchical
prior,” OHBM?2022, Scottish Event Campus in Glasgow, Scotland, UK, June 2022.

[6] Koizumi K., Miyazaki K., Nirasawa S., Akamatsu K., Miyawaki Y., “MEG source estimation using a
grouped automatic relevance determination prior for complex brain activity patterns,” OHBM2022,
Scottish Event Campus in Glasgow, Scotland, UK, June 2022.
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Summary (April, 2022 - March, 2023)

We have developed the optogenetic tool which can inhibit the induction of LTP in a
light dependent manner. By using this tool, we showed that the cerebellar LTP plays essential
roles for the learning of VOR gain down adaptation. Now we are preparing the manuscript to
report that the cerebellar LTP directly controls certain kinds of motor learning. Furthermore,
we recently showed that the Toll-like receptors, which play an important role in innate
immune system, are also expressed in hippocampal neurons. Our data indicated that the
knock down of TLRY blocked the induction of LTD in cultured hippocampal neurons. These

results indicated that the TLR9 is essential for the induction of LTD.

F s G, Frfil)
[1] Chemical LTD stimulation induced the drastic mitochondrial morphological changes in cultured hippocampal

neurons. ¥ Eth; YA EF BAEEZFRE 100 BESKE 2023403 A 15 H
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Summary (April, 2022 - March, 2023)

Recent studies suggest that electrical muscle stimulation (EMS) has the potential to
be an alternative modality to voluntary exercise. In the present study, we examined the effects
of EMS training for 8 weeks on muscle strength/hypertrophy and vascular endothelial
function.

Maximal isometric/isokinetic knee extension torque and muscle cross-sectional area
was assessed at mid-thigh and distal regions of the quadriceps muscle. Vascular endothelial
function was assessed by flow-mediated dilation. The EMS training increased muscle strength
and induced hypertrophy of the quadriceps muscles. The effects of EMS on muscle
hypertrophy are heterogeneous, which may be ascribed to the regional differences in current

flow during EMS. Vascular endothelium function was also improved after the intervention.

TabteERE GisC, FEfay)

[1] Zou L, Herold F, Ludyga S, Kamijo K, Muller NG, Pontifex MB, Heath M, Kuwamizu R, Soya H, Hillman CH,
Ando S, Alderman BL, Cheval B, Kramer AF. Look into my eyes ~What can eye—based measures tell us about the
relationship between physical activity and cognitive performance? J Sport Health Sci, 2023, in press.

[2] Mayes HS, Navarro M, Satchell LP, Tipton MJ, Ando S, Costello JT. The effects of manipulating the visual
environment on thermal perception: a structured narrative review. J Therm Biol. 2023 Feb;112:103488

[3] Akagi R, Sato H, Hirayama T, Hirata K, Kokubu M, Ando S. Effects of Three—Dimension Movie Visual Fatigue
on Cognitive Performance and Brain Activity. Front Hum Neurosci. 2022 Oct 19;16:974406.

[4] Sudo M, Costello JT, McMorris T, Ando S. The effects of acute high intensity aerobic exercise on cognitive

performance: a structured narrative review. Front Behav Neurosci 2022 Sep 23;16:957677
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Summary (April, 2022 - March, 2023)

The Kano Laboratory aims to develop techniques for imaging intracellular and
extracellular signaling substances in small animals by excitation of fluorescence at specific
wavelengths, to discover new physiological functions, and to apply these techniques to
effective medical treatment. This year, we developed an animal model of skeletal muscle
adaptation to high and low temperature stimuli. Intracellular calcium ion dynamics induced
by hyperthermia and icing stress were elucidated. Furthermore, we found muscle hypertrophy

and myocyte proliferation responses to chronic hyperthermia and icing.

TabteERE GisC, FEfay)

[1] Little involvement of recycled—amino acids from proteasomal proteolysis in de novo protein synthesis. Osana
S, Kitajima Y, Naoki S, Takada H, Murayama K, Kano Y, Nagatomi R. Biochem Biophys Res Commun. 2022 Dec
17,634:40-47. doi: 10.1016/j.bbrc.2022.09.113. Epub 2022 Oct 2.

[2] The effects of environmental enrichment in the absence of wheel exercise on locomotion activity and anxiety—
like behavior. M Sudo, Y Kano, S Ando. Medicine & Science in Sports & Exercise 54 (9S), 524, 2023 (Abstract).
[3] Pharmacological inhibition of ryanodine receptors immediately after eccentric contractions exercise
effectively reduces exercise—induced muscle damage in rat skeletal muscle. A Tabuchi, Y Tanaka, R Takagi, D

Poole, Y Kano. Medicine & Science in Sports & Exercise 54 (9S), 615, 2023 (Abstract).
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Summary (April, 2022 - March, 2023)

In the 2022 year, we achieved the following research results. 1. We developed an
anthropomimetic robotic hand that mimics the human hand skeleton structures, and showed
that it can grasp a variety of daily life objects; 2. Our experiments showed that the human
finger length ratio is better than the standardized finger length ratio in grasping objects of
various sizes; 3. In the anthropomimetic robotic finger, a thin-film sheet was injected with
hyaluronic acid to reproduce the joint capsule, which was found to be effective in reducing
friction.; 4. We developed an anthropomimetc robotic foot and showed that the viscoelasticity

of the foot changed depending on the posture of the foot.
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Summary (April, 2022 - March, 2023)

In 2022, we conducted the following research projects to clarify the mechanisms of
muscle and whole-body adaptations in response to exercise training. 1. We explored blood
metabolites related to cellular senescence in adipose tissues, and are identifying several
related metabolites. 2. We developed a mathematical model of the protein synthesis pathway
after muscle contraction and performed simulations using the model. We will plan
experimental validation. 3. We analyzed transcriptomic data to clarify the temporal patterns
of gene expression after muscle contraction. We have found that a sustained increase in
mRNA expression after muscle contraction may be involved in the mechanisms of exercise

adaptation.
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Summary (April, 2022 - March, 2023)

In 2022, we researched the evaluation method for the aging degree of walking motion and
the simple measurement method for walking motion. Using a simple inertial sensor, we
measured the behavior of the virtual center of gravity (displacement in the mediolateral,
anteroposterior, and vertical directions) and stride characteristics during walking, and
developed a method for evaluating the degree of aging of walking movements using partial
least squares regression. We also developed a method for automatically detecting the heel
strike and toe-off instant, which are necessary to separate the phases of walking motion. It
was shown that the automatic detection using logistic regression from lower limb kinematics

was as accurate as visual detection.
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Summary (April, 2022 - March, 2023)

In 2022, the following research results were obtained: 1. changes in physical activity
patterns from school age to early adolescence; 2. differences in physical activity between
elementary school students with Down syndrome and normal elementary school students; and
3) a proposal for an estimation algorithm for activity classification using acceleration sensors
for visually impaired people. In addition, a health promotion project focusing on bridging the
digital divide and human connections is being promoted with Chofu City and Aflac Life

Insurance Company for elderly residents of Chofu City (second year of a three-year plan).
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Remote Sensing of Vital Sign with Microwave Radar and Imaging Sensors|

Medical Applications
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"RGB and thermal image
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Non-contact, without attaching electrodes, long-term monitoring
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Summary (April, 2022 - March, 2023)

In 2021, we evaluated the stability and usefulness of the device for measuring the
mobility of the middle ear ossicles and obtained a patent for the practical use of the device
[1]. In addition, we clarified the effects of middle ear and inner ear diseases on the vibration
of the auditory periphery by numerical simulations, and clarified the pathophysiological
mechanisms [2, 3]. We also conducted an experimental study on headphone hearing loss [4]
and evaluated the performance of a safety monitoring system for endoscopic surgery and
aspiration risk detection system through patient-based measurements. As an application of

vibration technology, we also developed pollination promotion technology in agriculture field

[5].
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Summary (April, 2022 - March, 2023)

Our laboratory aims to develop welfare applications using cyborg technology.
Cyborg technology consists of multiple directions of mechatronics and robotics issues.
Furthermore, the issues of rehabilitation using functional electrical stimulation of the sensory
motor system of impairment is also a target. In 2022, we have developed the Sensory feedback
system for the myoelectric prosthetic hand, palm myoelectric prosthetic hands, and the body-
powered prosthetic fingers for children with finger congenital anomalies. we also developed
the commercial products of small myoelectric prosthetic hands and cosmetic hands, and we
have prepared to challenge the registration to the Ministry of Health, Labor and Welfare of

the Japanese government as the compensability parts.
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Summary (April, 2022 - March, 2023)

In our laboratory, through the technologization and digitalization of medical skills,
medical skills are incorporated into the medical support system as digital functions. We will
explore the fields of mechanism, control, image processing algorithms that utilize artificial
intelligence and robot technology. Among these, in this fiscal year, we proposed a new robot
mechanism, control, image processing algorithm technology that optimizes treatment
monitoring images with the aid of deep learning technology. In relation to this, the paper was
accepted (CARS) by the International Journal of Computer Assisted Radiology and Surgery
(IJCARS), the top conference of medical Al and robotics, etc.
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Summary (April, 2022 - March, 2023)

Due to the most competitive advantage in allowing users fully unconstrained,
noncontact bio-measurement technology will play a vital role in future clinical practice.
Guanghao SUN Laboratory focus on developing novel medical devices based on noncontact
bio-measurement technology, such as, infection screening system, home healthcare

monitoring system.
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Summary (April, 2022 - March, 2023)

In FY 2022, (1) we have constructed the theory of multi-DoF gravity compensation
mechanism using springs and tendons, and applied it to the tendon-driven 3-DoF humanoid
waist. (2) A motor point tracking device with moving electrodes to tracking the shift of the
motor point was developed for functional electrical stimulation in rehabilitation. The muscle
fatigue reduction effect of the device was validated on biceps brachii compared to
conventional simultaneous stimulation. (3)To compensate the inter- and intra-individual
domain shift in the analysis and classification of biosignals for the control of multi-DoF
advanced prosthetic hand, we proposed a deep convolutional neural network with dynamic
label smoothing to improve the generalization ability with soft labels. In addition, we also

developed a universal robotic hand with telescopic mechanism.
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Summary (April, 2022 - March, 2023)

In the fiscal year of 2022, we conducted research primarily on spectral
decomposition methods and image processing techniques in materials science. A key finding
was that it is possible to infer physical parameters from the relationship between striped or
island-like image patterns exhibited by magnetic materials. Furthermore, we demonstrated
that based on the characteristics of images representing the properties of metallic materials,

it is possible to estimate temperature and determine the cause of fractures.
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Summary (April, 2022 - March, 2023)
We challenge to innovate new imaging probe for in vivo optical imaging. We have
innovated new NIR Luciferin (KinPachi) having the longest emission wavenumber (ca. 790

nm).
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Summary (April, 2022 - March, 2023)

In the 2022 year, we achieved the following research results.

1. We have developed 2 pm laser based on mixed Tm sesquioxides material. Optics Express
30, 42762-42771 (2022)

2. We have developed a LD pump Tm:YLF laser. We also developed Cr:ZnS laser pumped by
Tm:YLF laser. Currently we are developing Q switched Tm:YLF laser and gain switched
Cr:ZnS laser.

3. We developed Cr:ZnS ceramic lasers. Femtosecond pulse generation by carbon nanotube
saturable absorber was obtained.

4. We have developed common pass interferometric phase microscope for lave free imaging.

We obtained phase image of Muscle tissue.
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Lasers and Photon Sources (ALPS’'22)
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Summary (April, 2022 - March, 2023)

Firefly luciferin analogues, AkaLumine and TokeOni can generate luminescence in
the mouse liver when these reagents are administered to mice, even though the firefly
luciferase gene has not been introduced. In this study, we investigated the possibility that this
luminescence could be observed in invertebrates, and found that luminescence was observed
in blow flies and pill bugs, and that cytochrome P450 was involved in the luminescence as in
mice. These results suggest that cytochrome P450-mediated luminescence by TokeOni can
be observed in a wide range of animal species, and that this phenomenon may be used in the

development of insecticides and pesticides.
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afifi © Prof. Nguyen Linh Trung (Advanced Institute of Engineering and Technology
(AVITECH), University of Engineering and Technology, Vietnam National University,
Hanoi (VNU) Director of AVITECH)

Al fROLER HEBIR

#H :  Signal and information processing methods for neural and biomedical studies
A% © Recent advances in signal processing and machine-learning have led to opportunities

and challenges in neural and biomedical applications. In this talk, we will present several
research studies in the area of signal and information processing at the Advanced Institute of
Engineering and Technology of Vietnam National University, Hanoi, targeting four
applications: epilepsy, cognitive conflict, Alzheimer’s disease, and liver cancer. The first study
develops a relevant tensor decomposition method for EEG-based spike detection in epilepsy.
The second study selects special computer-vision methods for EEG-based peak detection in
cognitive conflict processing. The third study applies machine-learning methods for PET-

based feature extraction and data-driven brain atlas construction in classification of
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Alzheimer’s disease, and for MRI-based feature extraction in prediction of pathways between
multivariate brain areas and multivariate disease/behavior outcomes. The final study also
applies various machine-learning methods for CT-based data-compression and dose-

reduction scan in liver cancer intervention.
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