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Summary (April, 2024 - March, 2025)

I developed the biophysical neuron simulator Neulite, optimized it for the supercomputer
Fugaku, and conducted large-scale simulations of the Allen Institute's mouse cerebral cortex
model. We formally signed a collaborative research agreement with the Allen Institute.
Additionally, I implemented a reinforcement learning algorithm using cerebellar spiking

networks and submitted a paper (under review).

T abgeRE Gisd Frfel)

[1] Kaaya Akira—Tamura, Rin Kuriyama, Mari lura, Taira Kobayashi, Jun Igarashi, Tadashi Yamazaki. Development
of a lightweight and customizable biophysical neuron simulator. Annual Meeting of Society for Neuroscience
(Neuroscience2024) , October 5-9, 2024, Chicago, USA.

[2] Rin Kuriyama, Hideyuki Yoshimura, Tadashi Yamazaki. Cerebellar spiking network model as a reinforcement
learning machine. Annual Meeting of Society for Neuroscience (Neuroscience2024) , October 5-9, 2024,
Chicago, USA.

[3] LW E. EFRT— LI IRWMETILIFEMEETILRYBSN 7. BAMBEKRFRE 2025 £ 32 &
1 5, pp.3-11,2025 £ 03 B 5 8.
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Summary (April, 2024 - March, 2025)

We continued our research on the computational theory of vision and its software applications.
In this year, we have focused on applied research based on our computational theory; a new
method of displaying re-colored-images for colorblind person, and a new method of color-
correction/reproduction independent of light source and display characteristics of color
gamut. For those researches, we received the Best Presentation Award from ITE and the
Encouragement Award from IPSJ. Continuing from 2021, We also opened a one-week lecture

series on statistics, mainly for students in CNBE labs.
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(1] AR kk&s “WRAFHFOUEEZFALL 2 AR EROBERERIRETAE" BREFHRA
TAT7¥R55 (accepted, ENRIH)

[2] BRIGIERATATER 2023 EERRKRXZHEBFHEERE,
https://www.uec.ac.jp/news/prize/2024/20240104_5902 html

(3] FHMMEFRE 86 AIEERRPEEME
https://www.uec.ac.jp/news/prize/2024/20240415_6194 html
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Summary (April, 2024 - March, 2025)

We recently published a paper on stroke [with an impact factor of 8.4]. Our study
demonstrated that the narrowing of capillary lumen space can trigger capillary stall. We also
conducted an experiment on mice to evaluate their behavioral learning while suppressing
functional hyperemia specifically during neurovascular coupling. The results showed that the
learning function with the suppressed vascular dilation was significantly delayed compared to
the normal conditions (without suppression of functional hyperemia). Furthermore, we
observed that the presence of another mouse facing the experimental animal showed
suppressed neurovascular coupling, probably due to an increase in spontaneous neural activity
caused by changes in animal states. These results confirm the environmental dependence of
neurovascular coupling, which should be separately examined when conducting suppressed
neurovascular coupling experiments. Additionally, we conducted a morphological analysis of
brain microglia to determine the phenotype differences depending on their location, such as

in vicinity of cerebral arteries or veins where tissue oxygenation is different.

FaWgeERE Gsl Rk l)

[1] Hotta K, Shimotsu R, Behnke BJ, Masamoto K, Yagishita K, Poole DC, Kano Y. Effect of diabetes on
microvascular morphology and permeability of rat skeletal muscle: in vivo imaging using two—photon laser
scanning microscopy. J Appl Physiol (1985). 2024 Oct 1;137(4):963-974. doi: 10.1152/japplphysiol.00222.2024.
Epub 2024 Aug 15. PMID: 39143906.

[2] Suzuki H, Murata J, Unekawa M, Kanno I, Izawa Y, Tomita Y, Tanaka KF, Nakahara J, Masamoto K.
Microfluctuations in Capillary Lumens Independent of Pericyte Lining Density in the Anesthetized Mouse Cortex.
Microcirculation. 2024 Nov;31(8):e12885. doi: 10.1111/micc.12885. Epub 2024 Sep 16. PMID: 39283679.

[3] Lee W, Kang B, Kim HM, Ishida T, Shin M, Iwashita M, Nitta M, Shiraishi A, Kiyonari H, Shimoya K, Masamoto K,

Roh TY, Kosodo Y. Cyclin—dependent kinase inhibitor p18 regulates lineage transitions of excitatory neurons,
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astrocytes, and interneurons in the mouse cortex. EMBO J. 2025 Jan;44(2):382-412. doi: 10.1038/s44318-024—
00325-9. Epub 2024 Dec 12. PMID: 39668249; PMCID: PMC11730326.

[4] K. Masamoto, “Optical Imaging of Microvascular Function in the Brain,” in IEEE Journal of Selected Topics in
Quantum Electronics, vol. 31, no. 4: Adv. in Neurophoton. for Non—Inv. Brain Mon., pp. 1-10, July—Aug. 2025,

Art no. 7300110, doi: 10.1109/JSTQE.2025.3550356.
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Summary (April, 2024 - March, 2025)

Our research group conducted a study to improve spatiotemporal resolution of human brain
activity measurement and analysis, and succeeded in developing a new model for source
estimation of magnetoencephalography (MEG) signals and improving the estimation
accuracy. In addition, we obtained promising preliminary results in a new project on ultra-
high field functional magnetic resonance imaging (fMRI). Furthermore, we formally
published findings demonstrating the consistency of the spatiotemporal characteristics of
human gaze on natural images. We also investigated changes in brain activity associated with
the embodiment of extended body parts, and performed an international workshop to

disseminate the research project to both domestic and international society.

TabrsesEs G FrRtiad)

[1] Ffe, AHEE, ERBE— “FREARAHF=1—JILRXIrI—VETILOEBREGIFHEIZKTHE
BROBERMNATRAOEEN" BEFIFMBEFRMIEE vol J107-D, no.6 (2024).

2] Efala—, "EMNERRFOSRZEM S FETORBICH T BERE MRIOER, “ % 27 B B AREME
RYEVTRERIUFAVEIF—, —BKRE HR 2025 F3A7H.

[3] Yoichi Miyawaki, “Visual Perception Arising from the Subspace Neural Activity,” OIST Talk Series “Embodied
Futures: Exploring Virtual, Cognitive, and Robotic Dimensions of Human—Machine Integration”, OIST, Okinawa,
Japan (2024).

[4] Yoichi Miyawaki, “Pushing spatio—temporal resolution for analysis of neural information representation using
7T fMRL,” The 9th Annual Scientific Meeting of the ISMRM Japanese Chapter, September 21, 2024.

[5] Rei Yasuda, Ken Arai, Yui Takahara, Daichi Ueda, Masaki Fukunaga, Gowrishankar Ganesh, Yoichi Miyawaki,
“Neural differences induced by the location of an embodied independent supernumerary finger,” Neuroscience
2024, Chicago, USA, October 2024.
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[6] Sukjoon Yoon, Noriya Asami, Momo Eguchi, Kazuaki Akamatsu, Haruhisa Ota, Motoaki Nakamura, Tsukasa
Okimura, Ryuichiro Hashimoto, Takashi Itahashi, Ryuta. Aoki, Yoichi Miyawaki, “Gaze Attraction toward Higher—
order Visual Features in Autism Spectrum Disorder,” Neuroscience 2024, Chicago, USA, October 2024.

[7] Shunsuke Ota, Kai Miyazaki, Chihaya Abe, Keigo Yamada, Taku Nonomura, Yoichi Miyawaki, “Improvement of
MEG source localization performance by Bayesian—based greedy sensor selection,” OHBM2024, Seoul, South
Korea, June 2024.

[6] IO#A, ARES AHFEE, WPtERF Bfd EFBE— “FEREHAAZ1—TILRYET—IH
SEMRSNHEBHMERIFHICH TS 1| RERDIRTH, BAREFR 2025 FLRR, IFRAF ®
R, 2025 1 A 23 A.

[9] Yoon Sukjoon, & R{EH, SIA# 4, FXME, KEABA, hHTH, HF =, BAE—B, RIBEL F
KEKX, EWE—, “EBEHAH=1—FI RV T—IDDREINIEBEBIFHE~DRRFESITx
9% ASD OFE” BRREFR 2025 FL2 KRR, TFRKFE, BE, 2025 F1 A 23 A.

[10] ZLA, HKEZR, SEEZE, Gowrishankar Ganesh, BiE—, “HIFEFBHDERTHRHEEMS>EmSN
EREFBICHT2ERHEOR L BARERS 2025 FLKE, THRAS, HiR, 202551 5 22 A.

[11] REAW, FHE BREME, LAXE, 8KkH#E, Gowrishankar Ganesh, BIE—, “ F{A{b It f=Jh 3L HHH
ARERATIREARASARBRICSEZSFE” F 34 B AFAHEERFRLEXRR, LiBEXE, LiBE,
2024 %9 A 11 B.

[12] =MW, FHHE BRME, LEAXE, 18KH#E, Gowrishankar Ganesh, BHifGE—, “MILFIFEIATaEAR A TR
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BAZE L 7= BRI ORI 2 v, =7 20/ NMEMAtic X VHET 2 &, &
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DT CHAEET 2 LV IFRLDFHREL TVET,

Summary (April, 2024 - March, 2025)

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. The paper is almost finished and the final
arrangements are being made among the collaborators. In addition, we have published a paper
showing that the protein SARM1 functions downstream of TLR9, which is a further

development of the paper we published last year showing that TLR9 is essential for induction
of LTD.

FEaigeERM Gl FRrkaY)
[1] Morishita M, Matsuda S* (F{EZ#&): SARM1 is essential for NMDA receptor-dependent endocytosis of
AMPA receptors in hippocampal neurons. Neurosci. Res, https://doi.org/10.1016/j.neures.2024.09.005. (IF:

2.4)
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Summary (April, 2024 - March, 2025)

We examined the effects of electrical muscle stimulation (EMS) and combination of EMS and
voluntary exercise on cognitive performance. In the first study, EMS alone did not alter
cognitive performance. In contrast, acute exercise at moderate intensity improved cognitive
performance. In the second study, the combination of EMS and cycling did not alter cognitive
performance, which suggests that combination of EMS and cycling does not alter cognitive
performance despite elevated heart rate, equivalent to a moderate intensity. The finding is
not consistent with the previous study showing that the combination of EMS and arm
cranking improved cognitive performance. Additional studies are needed to elucidate neural

activity in response to EMS and voluntary exercise.

TR GRsC, Rt &)

[1] Sudo M, Kitajima D, Takagi Y, Mochizuki K, Fujibayashi M, Costello JT, Ando S. (2024) Effects of voluntary
exercise and electrical muscle stimulation on reaction time in the Go/No—Go task. Eur J Appl Physiol.
124(12):3571-3581.

[2] Ando S, Ishioka Y, Kambayashi S, Kano K, Fujibayashi M, Costello JT, Sudo M. (2024) Combined effects of
electrical muscle stimulation and cycling exercise on cognitive performance. Front Physiol. 15, 1408963.

[3] Hou M, Herold F, Zhang Z, Ando S, Cheval B, Ludyga S, Erickson KI, Hillman CH, Yu Q, Liu—Ambrose T, Kuang
J, Kramer AF, Chen Y, Costello JT, Chen C, Dupuy O, Pindus DM, McMorris T, Stiernman L, Zou L. (2024)

Human dopaminergic system in the exercise—cognition link. Trends Mol Med. S1471-4914(24)00099-6.
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Summary (April, 2024 - March, 2025)

Our laboratory is developing technique for live imaging of signaling substances in myocyte by
excitation of light at specific wavelengths. By making full use of this novel device, we aim to
discover new physiological functions and apply it to medical technology. This year, we
constructed an animal model of skeletal muscle adaptation to temperature and physical
stimulations. We succeeded in evaluating the dynamics of intracellular calcium ions and

reactive oxygen species induced by temperature and physical stress.
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Summary (April, 2024 - March, 2025)

In the 2024 year, we achieved the following research results. 1. Integrated an anthropomimetic
robotic forearm with fingers, enabling wrist motion while grasping an object. 2. Enhanced the
anthropomimeitc robotic shoulder to achieve six - direction movement—flexion/extension,
abduction/adduction, and internal/external rotation—and devised a teach-and-playback
method for controlling multiple artificial muscles. 3. Demonstrated that filling an
anthropomimetic MP joint with hyaluronic acid makes it possible to tune the joint’s
viscoelasticity. 4. Developed a system that estimates planar shoulder motion from wire
displacement and applied it to planar end-effector control of a multi-DOF powered prosthetic

arm.
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Summary (April, 2024 - March, 2025)

We conducted the following research projects to clarify the mechanisms of exercise-induced
muscle adaptation. 1. We aimed to clarify the dynamics of time-series transcriptomics after
resistance exercise. We found that the function of the upregulated genes differed after muscle
contractions depending on their response rate and the magnitude of the mRNA response after
electrical stimulation-induced resistance exercise contributes to skeletal muscle adaptation via
increases in protein expression. 2. Eccentric, but not concentric, contraction evokes a
pronounced increase in cytosolic H202 levels that is mechanistically linked to gene expression

modifications
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Summary (April, 2024 - March, 2025)

In 2024, we aimed to develop classification models of walker attributes based on gait
kinematics data, focusing on age groups and levels of locomotive syndrome. We also examined
gait variables that contributed to each classification. The age group classification model
showed that greater forward trunk lean tended to be associated with the elderly group,
whereas greater hip extension was characteristic of the younger group. The locomotive
syndrome level classification model indicated that greater backward lean of the foot around
initial contact, along with increased forward lean of the thigh and shank and greater
plantarflexion during late stance to toe-off, tended to be associated with the group of lower

locomotive syndrome level.
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Summary (April, 2024 - March, 2025)

We have been promoting a health promotion project aimed at elderly residents of Chofu City,
focusing on bridging the digital divide and fostering social connections, until the end of the
2024 fiscal year. This year, we analyzed and reported on the outcomes of this project from the
perspectives of the relationship between internet usage and health literacy among the elderly,
as well as the feasibility of online health classes. Additionally, we have been conducting
research on physical activity levels and activity classification among individuals with

disabilities and studying the social value of community health programs.
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Summary (April, 2024 - March, 2025)

For the 2024 fiscal year, we continued to conduct measurements and improvements towards
the practical application of the device for measuring ossicular mobility of the middle ear.
Additionally, we clarified the sound conduction characteristics and mobility features of middle
ear diseases by finite element method simulations and machine learning [1], and investigated
effective ways to use hearing assistive devices for their treatment [2]. Furthermore, we
examined effective electrical stimulation methods for treating aspiration [3], and theoretically

considered the diagnostic limits of devices for detecting the risk of aspiration [4].
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Summary (April, 2024 - March, 2025)

Our laboratory is working on developing assistive devices using cyborg technologies, which
combine mechatronics and robotics. We aim to create prosthetic arms that restore both motor
and sensory functions for individuals with upper limb loss, and to build a "cyborg platform"
of components for artificial fingers and arms. In fiscal year 2024, we advanced the
development of myoelectric prosthetic hands for infants and children—designated by MHLW
as components for completing prosthetic systems—and also created a five-finger, individually

driven electric hand for children.
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Summary (April, 2024 - March, 2025)

Our Me-DiglIT(Medical-DiglTalization) laboratory is developing the field of mechanism,
control, image processing, and algorithm with the help of robotics and artificial intelligence
technologies to incorporate medical skills into medical support systems as digital functional
functions through technologization and digitalization of medical professional skills, and to
advance and optimize medical skills on the system. Among these efforts, during the current
fiscal year, the development of highly efficient and reproducible diagnostic and therapeutic
algorithms has been actively advanced on the ‘ultrasound diagnosis and treatment robot and
patient robot with the target lesion embedded’ integrated robotic system, which was first
implemented worldwide through this project. In this connection, the system was adopted by
the International Journal of Computer Assisted Radiology and Surgery (IJCARS), the top

conference of medical Al and robotics, etc. (CARS).
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Summary (April, 2024 - March, 2025)

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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[1] Guanghao Sun, Masaki Kurosawa, Yoshiki Ninomiya, Kohei Baba, Yutaka Kano Updating "Medical Radar Signal
Dataset for Non-Contact Respiration and Heart Rate Measurement” with Expanded Data on Laboratory Rats
under Isoflurane Anesthesia. Data in Brief, 2024.

[2] Hoang Thi Yen, Van-Phuc Hoang, Guanghao Sun Heart Rate Variability Monitoring under Stimulation Input

Using Non—Contact CW Radar. REV Journal on Electronics and Communications, 2024.
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Summary (April, 2024 - March, 2025)

In FY 2024, (1) we theoretically analyzed gravity compensation mechanisms using springs,
wires, and pulleys, and applied to a multi-link humanoid waist robot. The results of the
verification experiments suggested that the gravity compensation mechanism reduces the
energy consumption and improves the movement accuracy. (2) A robotic hand with an
embedded camera was developed to enable a user with insufficient biosignals to fully control
a highly functional prosthetic hand. A semi-autonomous control method was developed for
the robotic hand to automatically grasp an object with robot vision. In addition, we developed
a platform to explore grasping posture in a virtual reality environment. (3) An arm-mounted
device to track motor point was developed for functional electrical stimulation. We also

proposed a denoising method for the measurement of SEMG during electrical stimulation.
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[1] Peiji Chen, Wenyang Li, Yifan Tang, Shunta Togo, Hiroshi Yokoi, and Yinlai Jiang, Intra— and Inter—Channel Deep
Convolutional Neural Network with Dynamic Label Smoothing for Multichannel Biosignal Analysis, Neural
Networks, vol.183, no.106960, March 2025.

[2] Yiwei Wang, Kazuma Kakino, Wenyang Li, Shunta Togo, Hiroshi Yokoi, and Yinlai Jiang, A robot hand for versatile
grasping with tendon—driven telescopic fingers, IEEE Robotics and Automation Letters, vol. 9, no. 3, pp. 2957-
2964, 2024.

[3] Peiji Chen, Dian Li, Yifan Tang, Shunta Togo, Hiroshi Yokoi and Yinlai Jiang, “Dynamic Label Smoothing Strategy
for Biosignal Classification,” 2024 IEEE International Conference on Acoustics, Speech and Signal Processing
(ICASSP), pp. 1556-1560, April 2024.
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Summary (April, 2024 - March, 2025)

Our research deepened attention-based deep learning methods for segmentation tasks,
leading to improved performance. We confirmed the effectiveness of these methods not only
on MRI image datasets but also on a skin cancer datasets. In the field of measurement
informatics, we advanced the introduction of Bayesian methods and developed a technique

for estimating crystal structures using X-ray diffraction (XRD) analysis.
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[1] Ryo, Murakami, Yoshitaka Matsushita, Kenji Nagata, Hayaru Shouno, Hideki Yoshikawa, Bayesian estimation to
identify crystalline phase structures for X-ray diffraction pattern analysis. Science and Technology of Advanced
Materials: Methods, 4(1). 2024, https://doi.org/10.1080/27660400.2023.2300698

[2] Hussain, Tahir, Hayaru Shouno, Mazin Abed Mohammad, Haydar Abdulameer Marhoon, and Taukir Alam. 2025.
“DCSSGA-UNet: Biomedical Image Segmentation with DenseNet Channel Spatial and Semantic Guidance
Attention.” Knowledge—Based Systems 314 (113233): 113233.https://doi.org/10.1016/j.knosys.2025.113233

[3] Hussain, Tahir, Hayaru Shouno, Abid Hussain, Dostdar Hussain, Muhammad Ismail, Tatheer Hussain Mir, Fang
Rong Hsu, Taukir Alam, and Shabnur Anonna Akhy. 2025. “EFFResNet-ViT: A Fusion-Based Convolutional and
Vision Transformer Model for Explainable Medical Image Classification.” IEEE Access: Practical Innovations,

Open Solutions. https://doi.org/10.1109/access.2025.3554184.
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Summary (April, 2024 - March, 2025)

We collaborated with a manufacturing company to explore the social implementation of the
tirefly bioluminescence-based NIR luciferin "AkaSuke." We were able to overcome the
challenges of industrial synthesis and have progressed to the stage of providing sample
products. Currently, Summit Pharmaceuticals International Corporation is distributing

brochures for sample provision, and we are preparing for full-scale sales in the fall.
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Endoperoxide”, C Journal of the American Chemical Society, 147, 2455—2466 (2025).

[3] (F: 3.700) Daiki Yamaguchi, Go Kamoshida, Syun Kawakubo, Saki Azuma, Takamitsu Tsuji, Nobuo Kitada,
Ryohei Saito—Moriya, Noriteru Yamada, Rentaro Tanaka, Ayane Okuda, Keisuke Ueyama, Shingo Isaka, Manaha
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Paulmurugan, Sung-Bae Kim*, Shojiro A. Maki*, “Regiospecific Coelenterazine Analogs for Bioassays and
Molecular Imaging”, Bioconjugate Chem. 35 (9), 1391-1401 (2024).

[5] (IF: 16.600) Hiroki Umeda, Kayo Suda, Daisuke Yokogawa, Yuto Azumaya, Nobuo Kitada, Shojiro A. Maki,
Shigehiro A. Kawashima, Harunobu Mitsunuma, Yuki Yamanashi, and Motomu Kanai*, “Unimolecular
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Summary (April, 2024 - March, 2025)
We are developing a high-power mid-infrared laser system for molecular vibration imaging.
As a preliminary step, we developed a photothermal microscope using a visible LD. We are

working on developing a photo thermal microscope with Mid-IR laser and visible LD.
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Summary (April, 2024 - March, 2025)

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 2024, a new luciferin analogue different from TokeOni was
obtained and, as with TokeOni, when administered to mice, luminescence was observed in

the liver and the intensity of the luminescence was similar to that of TokeOni.
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8H : Study on the application of ubiquitous robotics in medical equipment

WL+ This talk explores how ubiquitous robotics is changing intelligence in the field of
medical equipment and facilitating the possibility of more efficient, personalized,
and low-cost medical services. First, explain the concept of Ubiquitous Robotics, that
is, ubiquitous intelligent robotic systems that seamlessly integrate into everyday life
and work environments. Its autonomy, adaptability and networking capabilities are
emphasized. Secondly, the limitations of existing medical equipment are discussed,
such as high operation complexity, high cost, lack of personalized service and
bottleneck problems. Thirdly, the specific application of ubiquitous robotics
technology in robot-assisted surgery, robot-assisted rehabilitation and artificial
intelligence health monitoring platform is illustrated, and the latest research results
and innovative products in the market are displayed. Finally, the research direction
and potential market opportunities of pan-robot technology in the field of medical

equipment in the next few years are prospected.
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#H : Affective Brain-Computer Interface and Application to Objective Assessment of
Depression

#EZ © This talk will introduce our recent work on affective brain-computer interface (aBCI)

and its application to objective assessment of mood disorder. Specifically, we will
introduce basic principles of psychology and neuroscience for aBCI, oil paintings as
emotional stimuli, a multimodal aBCI framework of combining EEG signals and eye
movement signals, a plug-and-play domain adaptation for cross-subject EEG-based
emotion recognition, a large brain model for learning generic representations with
tremendous EEG data, the similarities and differences among Chinese, German, and
French individuals in emotion recognition with EEG and eye movements from aBCI
perspective, and preliminary results on objective assessment of depression with oil
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paintings as stimuli from eye movement data.
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