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2020 & S/RBEP tHXZE http://www.firefly.pc.uec.ac.jp/

RRDFEH (2020 £ 4 A~2021 ¥ 3 A)

EARREEI IR bR S (RIERFECMABIORREGS) MERTHU </RX>TWLS. 2019 F3RIC
RPIVEMZRT(E, KETOXSHHN 2018 F(TFHX TAMUE ca. 740 nm DA TIHMR =B X S, it
RERERE/RD NIR ATENEE"GeKiaka”(ca. 760 nm)ZEIR U, EDORMIDIEFME EFREREIT
o7z, 2020 FEFCDEFNL ET—FINERITIRD 2. Fz, RYIVEYFEERR(ca. 62 kDa)h'k
EL T I RDIERICEFRETHDZ ENERERBFEEINTLZ. UL, BRGILRTIEFFREARESRE
INELV(ca. 19 kDa)BDD, RARIIIEKE(ca.480 nm)THD A > IJILITHEDD 1 )L ADEK
ABREDOOFUEIC(ERL<ATDTH oIz, T TERIIVENBEBERIILOR(ICHO> TATIETD
C&ET, ETRANFEESE(650-900 nm)DFEH(ca.670 nm)EERIR UL,

Shojiro Maki Laboratory http://www.firefly.pc.uec.ac.jp/

Summary (April, 2020—-March, 2021)

Every year, in vivo imaging technology is witnessing intensifying competition globally. In 2019, we innovated
near-infrared (NIR) luciferin “GeKiaka”, which has the longest wavelength in the world (ca. 760 nm). Its
wavelength is much longer than that of the NIR luciferin (ca. 740 nm) produced and reported by Promega
Corporation (USA) in 2018. We have obtained a patent for “GeKiaka” and presented it. In this year (4 / 2020 — 3
/2021), we collected data to apply for the patent. Further, firefly luciferase (ca. 62 kDa) is inconvenient for virus
labeling as it is too large. Although Cypridina luciferase is sufficiently small (NanoLuc®: ca. 19 kDa) for virus
labeling, its bioluminescence has an insufficient wavelength (ca. 480 nm) for in vivo imaging. We innovated NIR
coelenterazines with ca. 670 nm by molecular modeling of Cypridina luciferin (coelenterazine), as with NIR

luciferin.

FIRATEFERE GBX, FFEF/RE) Research achievements

1. (IF:2.572) Chihiro Yoshida, Tomoya Higashi, Yoshifumi Hachiro, Takuya Yagi, Azusa Takechi, Chihiro Nakata,
Kazuya Miyashita, Nobuo Kitada, Ryohei Saito, Rika Obata, Takashi Hirano, Takahiko Hara, and Shojiro A.
Maki*, “Synthesis of polyenylpyrrole derivatives with selective growth inhibitory activity against T-cell acute
lymphoblastic leukemia cells”, Bioorganic & Medicinal Chemistry Letters, 37, 127837 (2021).

2. (IF:4.556) Ryohei Saito*, Jun Nakayama, Genta Kamiya, Nobuo Kitada, Rika Obata, Shojiro A. Maki, Hiroshi
Aoyama, “How to select the firefly luciferin analogues for in vivo imaging”, International Journal of Molecular
Sciences, 22(4), 1848 (2021).

3. (IF: 4.120) Shota Tamaki, Nobuo Kitada, Masahiro Kiyama, Rika Fujii, Takashi Hirano, Sung Bae Kim,*
Shojiro Maki*, Scientific Reports, 11,2219 (2021).

4. (IF: 4.556) Jun Nakayama, Ryohei Saito, Yusuke Hayashi, Nobuo Kitada, Shota Tamaki, Yuxuan Han, Kentaro
Semba and Shojiro A. Maki, “High sensitivity in vivo imaging of cancer metastasis using a near-infrared
luciferin analogue seMpai”, International Journal of Molecular Sciences, 21, 7896 (2020).

5. (IF:4.58) Mamoru Fukuchi”, Ryohei Saito, Shojiro Maki, Nami Hagiwara, Yumena Nakajima, Satoru Mitazaki,
Hironori Izumi and Hisashi Mori, “Visualization of activity-regulated BDNF expression in living mouse brain
using non-invasive near-infrared bioluminescence imaging”’, Molecular Brain, 13, 122-132 (2020).

6. (IF: 2.171) Nobuo Kitada, Ryohei Saito, Rika Obata, Satoshi Iwano, Kazuma Karube, Atsushi Miyawaki,
Takashi Hirano and Shojiro A. Maki*, “Development of near-infrared firefly luciferin analogue reacted with
wild type and mutant luciferases”, Chirality, 32 (7), 922-931 (2020).

7. (IF: 5.996) Matsuhashi, Chihiro; Ueno, Takuya; Uekusa, Hidehiro; Sato-Tomita, Ayana; Ichiyanagi, Kouhei;
Maki, Shojiro; Hirano, Takashi, Isomeric difference in the crystalline-state chemiluminescence property of an
adamantylideneadamantane 1,2-dioxetane with a phthalimide chromophore. Chemical Communications (Chem.

-5-



Commun.) 56, 3369-3372 (2020).
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2020 PR [ExE THFRZE  http://kaeru.pc.uec.ac.jp/

RRDEESH (2020 FF 4 A~2021 3 A)

RIS T TUDFEK, PHILZRRO MM AZE, ANEIOE SR EDRINVEZF(C < VETR

AMBEIICRAE—DZE DD, TNFETERTED in vivo A A= IRERTHRRZSH T TLS.

—H T, INSDOEEENDIRICKRETDE, RV T S—ETELFEEALTHRWNTED

MOSTRHEICREADTRE SN D IRRMNEREINTLD. AAFR TIEZDIRSKI(C, = hoOA pa50
(CYP) &EMENDEEZREINEAS L CLWD 7S,

Atsushi NAKAMURA Laboratory  http://kaeru.pc.uec.ac.jp/

Summary (April, 2020-March, 2021)

Since firefly luciferin analogues, AkalLumine and TokeOni have luminescence peaks in the near infrared region,
which is difficult to be absorbed by hemoglobin and water, they have been successful in in vivo imaging
experiments in the deep part of the body. On the other hand, it has been observed that when these reagents are
administered to mice, luminescence is detected in the liver even though the firefly luciferase gene has not been
introduced. In this study, we found that a group of enzymes called cytochrome p450 (CYP) is involved in this

phenomenon.

FAFERE (R, /2 &) Research achievements (published papers, patents, etc.)

1. FFEFHFE 2020-148548 - H#H S XFT ARV hJOL P450 DEEFSE - FIRE it EE.
ERER. ik T, JLHE Fi. 2020F 09 A 3 H
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2020 EA A THFEE http://www.nvu.mi.uec.ac.jp/

WROFE LD (2020 &£ 4 B~2021 3 B)

JOF (CKDABHBDZS., EBRRIFEAEEBEL. CNETIITOEERT —F(ICLTY
T— NCEFEEED TUTOMBEEz, £ FIEMEE CRE U EIMU\ME 3 R o &E|E S
DFEMICHNTIE. MBEDDRICKDBEPINRIRNEDEENS KROESPFRIFED A D KUEN
DIBZ(C LD THERMNSHSNTUVDIED ., BHRAD SN LEAZEREN (D TRIE THD. €D
&, Rt ZEBEN & U ZBIEBROIER ICHB VW T ET I UEE (CX I 2EMEZ —&EMNISRHSN
RWCENBIREERD, COMBEICH LT, A XBROENRE—-XT 7> SATTILZRWTER
FHAICTIEEESNS SN LI U TH 5N UHEEZS X DEEZRIEL. MEBHROMUEEICEND
SN LE(C U TR BHES EZ BRI 2700 S LxEk Uz, BRICEKDTIAFT—2a>%zE
BEU, BEBLEEEBEZEE U, BBETIIEREN 1 EVIVERICIIZSN3 CEZERE U,

Masamoto Kazuto Laboratory http://www.nvu.mi.uec.ac.jp/

Summary (April, 2020—March, 2021)

In this fysical year, we had no progress on the projects that need animal experiments due to restricted conditions
during pandemics. As a remote work besides the laboratory, reexamination of 3D extraction for cerebral
microvasculature captured with two-photon microscopy was conducted. In principle, the images captured with
two-photon microscopy consist of variable signal to noise because of variable optical properties through in vivo
brain tissue. Hemoglobin in blood largely absorb excitation and emission light, and tissue scattering effects
increased with an increase in depth of tissue scanning. Those absorption and scatter of light variably modulate the
signal to noise ratio in the two-photon image. To overcome these limitations, the phantom model made with a
known-size of the microsphere was used and ideal binarization threshold that provide the true size of the imaged
object was preliminary determined. The software developed automatically measure the signal to noise ratio and
adjusted the binarization threshold in each location of the vessels. The results showed improved accuracy of the
3D extraction of the microvessels compared with the manually segmented true image objects.

AR R, $55F/2<E) Research achievements (published papers, patents, etc.)

1. Takuma Sugashi, Hiroya Yuki, Tomoya Niizawa, Hiroyuki Takuwa, Iwao Kanno, Kazuto Masamoto: Three-
dimensional microvascular network reconstruction from in vivo images with adaptation of the regional
inhomogeneity in the signal-to-noise ratio. Microcirculation (in press) [IF:2.110]

2. Nao Hatakeyama, Miyuki Unekawa, Juri Murata, Yutaka Tomita, Norihiro Suzuki, Jin Nakahara, Hiroyuki
Takuwa, Iwao Kanno, Ko Matsui, Kenji F. Tanaka, Kazuto Masamoto: Differential Pial and Penetrating Arterial
Responses Examined by Optogenetic Activation of Astrocytes and Neurons. Journal of Cerebral Blood Flow
and Metabolism (in press)[IF:5.681]

3. Niizawa T, Hachiya R, Sugashi T, Terao S, Nagai M, Ishikawa M, Masamoto K. Mapping of flow velocity
using spatiotemporal changes in time-intensity curves from indocyanine green videoangiography.
Microcirculation. €12685. (2021) [1F:2.110]

4. Ishikawa M, Masamoto K, Hachiya R, Kagami H, Inaba M, Naritaka H, Katoh S. Neurosurgical intraoperative
ultrasonography using contrast enhanced superb microvascular imaging -vessel density and appearance time of
the contrast agent. Br J Neurosurg. 2020 Jul 10:1-10. doi: 10.1080/02688697.2020.1772958. Epub ahead of
print. PMID: 32648779.

5. Natsubori A, Tsunematsu T, Karashima A, Imamura H, Kabe N, Trevisiol A, Hirrlinger J, Kodama T, Sanagi T,
Masamoto K, Takata N, Nave KA, Matsui K, Tanaka KF, Honda M. Intracellular ATP levels in mouse cortical
excitatory neurons varies with sleep-wake states. Commun Biol. 2020 Sep 7;3(1):491. doi: 10.1038/s42003-
020-01215-6. PMID: 32895482; PMCID: PMC7477120.
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[Invited lectures]
Masamoto K: Two-photon imaging of BOLD fMRI physiology. International Stroke Conference (ISC) 2020,

Pre-Con II. Stroke in the Lab World: Novel Approaches in Studying Brain Metabolism and Function
(2020.2.18) Los Angeles Convention Center, Los Angeles, California, USA
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2020 =% BB— WRZE  http://www.cns.mi.uec.ac.jp

WROFEED (2020 £E 4 B~2021 3 B)

2020 FE (I T ORFTKRZSIE. 1) XIRIEHRZHEUITIRE TERRESHEE & M CIERATRER
RIS I DEREMEMEL, FIRVDBERICEAFRRKESNZ—MRIBIARTHDIZEEZRREUE.

2) EIRILEEARZ NG S D IO DMHIBESRIEEFEE U TEEL R\ —XEFT U JZRALE
FEEEFT—HICHUTCERALUR. £FETDRBHEEERTETTORVWEDD, TDREREFZEE1E
HDDHD, BEEDHRECEFUR. 3) B MRIEEDBERTAT -5 DRITZESD, 15
it CERIRAIE & DRAZROFZ I I8z, 4) ILRBARICH T IEBDESZ AR T D FRE
BRzimnl, BN —59%7832&CmIIULE.

Yoichi MIYAWAKI Laboratory http://www.cns.mi.uec.ac.jp

Summary (April, 2019 - March, 2020)

We obtained the following research results in FY2020. 1) We discovered that the human gaze is preferentially
directed to higher-order image features without contextual/sematic information irrespective of the task given to
subjects. 2) We applied structured sparse modeling as a source estimation method for real
magnetoencephalography data to suppress information spreading phenomenon. We haven’t observed successful
results but started to develop a method to improve source estimation performance. 3) We performed analysis of
ultra-high field fMRI signals acquired at ultta-fast sampling rate and examined relationship between information
representation and venous location in the human brain. 4) We have started preliminary experiments to explore

brain activity changes for an augmented body part.

FIAFREE R, $55F/2E) Research achievements (published papers, patents, etc.)

1. Yoichi Miyawaki, Daniel Handwerker, Javier Gonzalez-Castillo, Laurentius Huber, Arman Khojandi, Yuhui
Chai, Peter Bandettini, “Time-resolved fast neural decoding independent of variation in hemodynamic
response latency,” Organization for Human Brain Mapping (OHBM) 2020 (online, 2020/06-07).

2. Naoki Ishibashi, Kazuaki Akamatsu, Shun Nirasawa, Yoichi Miyawaki, “Reduction of Information Spreading
in MEG Source Estimation Using a Structured Model,” Organization for Human Brain Mapping (OHBM)
2020 (online, 2020/06-07).

3. Yoichi Miyawaki, Daniel A Handwerker, Javier Gonzalez-Castillo, Laurentius Huber, Arman Khojandi, Yuhui
Chai, and Peter A Bandettini, “#8/5Hi% MRI {52 D8R 1A (C K D MTRENRERISOEIEN S U
JEAREIRERRDOT -5« >, 5 43 MEARRIFE RS (A5 >, 2020/07-08). (58 43 [E
BARMERZFEXS LWl &S5 9 (IRE)

4.  Yoichi Miyawaki, Daniel Handwerker, Javier Gonzalez-Castillo, Laurentius Huber, Arman Khojandi, Yuhui
Chai, and Peter A Bandettini, “Event-related decoding of visual stimulus information using short-TR BOLD
fMRI at 7T,” 2020 ISMRM & SMRT VIRTUAL CONFERENCE & EXHIBITION (online, 2020/08).

5. =BlEps, EERE, A8, BB —, “BEER/(—XET )L 2BV EHEHESFIEE(CHITD
ESIR A XDEZEDFE,” —1—00>Ea1—F+ >IJMRR (A>51>,2021/03) .

6. BiE—, “EBEi% MRIESOBERETAC KD MITENRE & MHRIBIRFRIROKFRI 25, 554 [0
E Ml X =2 JRRS (A 512, 2020/09).

7. MREE, MBRRE, BhE—, JOUS v > h— - AxRwvS o, SHEER, AZARRME, ZEE—, T4
K, B LB RGm—BRE - BB - 25 - 95 - R0 T AEHOREK” TX - T+ — -
TR (2021/2/19).
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2020 %7 & THX=E http://daemon.inf.uec.ac.jp/

MRDFE LD (2020 FF 4 A~2021 53 A)

2020 FEDMAFTME E U TIE, MERERFHEE TH D Portilla-Simoncelli FE5T= (PSS)EHLNCTH
AFvEGRGRCEAT DIFHEMRZIT /. TOXFVEHRD PSS Mt = (Cx U TREFE SN
SESNIFHMERIRZEIFL, FEFZBEM(VGG)AZBC EDKDIFHNRIRL TLBIHERANE.
COOFER, FEFEENEDORIR EHILEREEER (V4 BF)(CRIR L TUL\S PSS 4O (CEELIEN S D
CEERHUEN.

F 7z PSS FE=% AUV CHEMREHR O (CEF UT SR (CRUVWVEIEMRNE, —EDEMHFT T,

FORXF V)G —>22zRHITDOTINEEEN ICGEHUE T DFENKRDSNTND. CDFTIXFv

EYR(CXT U T PSS 8T 21TV, Sonizig=Es, /\F— 2Bz Ek I YIRS X7 A (K
{&TF Gintzburg-Landau 5121) D/ \A =)\ SA—HINEIFZITD/Z. CDER, BEHNSYIBRDS
AT L' T D) \A /I =)I\SA—-FDEIFMNEIEETH D EMNNHDT1Z[2].

Hayaru SHOUNO Laboratory  http://daemon.inf.uec.ac.jp/

Summary (April 2020 - March 2021)

In 2020, we conducted a feature engineering on texture image description, focusing on the Portilla-Simoncelli
statistic (PSS) that is a psycho-physical feature. We apply a LASSO regression from the feature obtained with a
deep learning machines called VGG on the PSS statistic of texture images in order to investigate what features are
expressed in the deep learning machines. As a result, we found that there is a similarity between the representation
inside the deep learning machine and the PSS features expressed in the macaque higher-order visual cortex of V4
[1].

We also started to analyze the images of magnetic materials using PSS features. The magnetic material used in the
analysis shows several texture patterns, and a quantitative evaluation method of the texture image is required. We
performed PSS feature analysis on the texture images and regressed the obtained features on the hyper-parameters
of the physical system that generates the patterned images (time-dependent Gintzburg-Landau equation). The
results show that it is possible to regress the hyperparameters governing the physical system from the image [2].

AR R, $55F/2E) Research achievements (published papers, patents, etc.)

1. Analysis of Texture Representation in Convolution Neural Network Using Wavelet Based Joint Statistics”,
Y.Hamano and H.Shouno, LNCS, 12532, Intl.Conf.Neural Information Processing 2020.

2. “Texture Analysis of Magnetic Domain Images Using Statistics Based on Human Visual Perception”,
R.Murakami et al., J. Phys. Soc. J.(IF 1.579)

3. “Development of spectral decomposition based on Bayesian information criterion with estimation of
confidence interval”’,H.Shinotsuka et al., Sci.Tech.Adv.Mat.(IF 5.866)

4. “Development of multiple core-level XPS spectra decomposition method based on the Bayesian information
criterion”, R. Murakami, et al.,J.Elec.Spec.Relat. Pheno.(IF 1.468)
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2020 #@ {5 MAFXZE http://www.matsuda-lab.es.uec.ac.jp/

MRDFE LD (2020 FF 4 A~2021 53 A)

Fh(E, 2018 FEE(C AMPA SBARDI Y RYA h—2 X E5EIE - FREEHENCHEIT DR, T
ROA b= R ZH(CKD>THEITDIRMZAVTHSNC U, E5(C LTP OFE(CHAEDRKEZ
RIEFTUYY—ACHRENETO SR TERIREE D ECEB/RINL 2020 £E(C(FSDTO N>
RS T HMAFHFAATEBIGFRER IR TR ST, IECDHOIY IR ZERANT LTP &EAMiEEE & DREE
HEBTR THD. =5(C AMPA BB GluAl BT 1= w hORRE FOFEHMPR)D D > (LAY LTD
BERDT Y RUA b= ZHIHUTOD S EEBESMNT Uz, MPR DY S ER(LIRREDES, 774
TH5 -5 )\IBEEER (AP-3) & Transmembrane AMPA receptor Regulatory Protein (TARP) & DFEEH
1B AL LTD 58 RIEZ 2T T2MR(C AMPA ZRBERBRZREAT > Y — AF THIX U CHIfgRED
AMPA ZBEHRBORD CEBRGEEZRIZT ZEMNRENT.

Shinji Matsuda Laboratory http://www.matsuda-lab.es.uec.ac.jp/

Summary (April, 2020 - March, 2021)

In 2018, we reported that the cerebellar LTD plays critical roles for certain kinds of motor learning in Neuron. We
also generated the light driven proton pump which can targeted to lysosome which play essential roles for long
term potentiation (LTP) induction. We have already generated lysosomal light driven proton pump knock in mice
to directly examine the relationship between LTP and brain function in vivo. We also examined the function of the
phosphorylation at membrane proximal region (MPR) of GluA1. We showed that the phosphorylation of MPR
regulate the interaction between Adaptor protein complex-3 (AP-3) and Transmembrane AMPA receptor
Regulatory Protein (TARP). When the MPR is dephosphorylated the interaction between AP-3 and TARP is
enhanced and the AMPA receptors are transported to the late endosomes during the LTD induction.

FIAFRZEE R, $55F/2E) Research achievements (published papers, patents, etc.)
1. Matsuda S and Yuzaki M. Subunit-dependent and independent rules of AMPA receptor trafficking during

long-term depression in hippocampal neurons. bioRxiv (2020) https://www.biorxiv.org/conten/
/10.1101/2020.11.12.379867v1
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2020 Rk Bl— WRZE https://www.sports.lab.uec.ac.jp/

WROFE LD (2020 FE 4 B~2021 3 B)

BB ADBLRHLEEBDORBE ERD T ENEFINTND. UKL, B8 \DOEBLRIN AHE
IRORNEE (CBTE S ITRIRIETTIZEASHIIRD TLVRL. KEE(L, B8 A\DELRIEN IMTE
REPH/N T A XX (CEBEBSINRZRFT U, &UIC, ERIET (CAZESIIRIITEE S HES S
RIDBREZETA Uz &S, RIEEERIDRE(EIEIN Uz (CH U THEBIIRIIRE (CE(L(EH SR
Molz. COFERIE, B bRERRICH & BAIRMIREEIDEVVERIRLUTVWD EEZSND. &
1z, BREBADBRRIBCKIDRIN/ T4 - RCELEHFSNBMdIZ. UL, BRFRIEICH
TILIA—S—(CLDMRENZRAHEDEDERIA/NTA - RFELEUZ. CORERIE, &%
BADBRFRIBIZIF TERA/ T A - >R (EELE LRV, BEEEEEEAENHEDZ ETRAN
IA—X>ANEET B EERLTLS.

Soichi ANDO Laboratory  https://www.sports.lab.uec.ac.jp/

Summary (April, 2019 - March, 2020)

Electrical muscle stimulation (EMS) induces involuntary muscle contraction. Recent studies suggest that EMS has
the potential to be an alternative method of voluntary exercise. However, the effects of EMS of large muscles on
cerebral blood flow and cognitive performance are poorly understood. First, we measured the internal carotid
artery (ICA) and vertebral artery (VA) blood flow during EMS. The ICA blood flow increased during EMS, while
the VA blood flow did not change. The results suggest that the differential responses to EMS are primarily
ascribed to the differences in cerebrovascular response to CO2 and neural activation. Second, we assessed
cognitive performance after EMS or the combination of EMS and moderate arm exercise. Cognitive performance
was not affected by EMS alone. However, cognitive performance improved after the combination of EMS and
moderate arm exercise. These results suggest that combination of EMS and moderate arm exercise improves

cognitive performance independently of the effects of EMS alone.

FIAFREE R, $55F/2E) Research achievements (published papers, patents, etc.)

1. Saito S, Washio T, Watanabe H, Ando S, Ogoh S. (2021) Effect of intermittent isometric handgrip exercise
protocol with short exercise duration on cognitive performance. J Physiol Sci. In press. (IF 2.804)

2. Yasukawa K, Koike Y, Konno T, Sudo M, Ohkawara K, Ando S. (2021) Effects of alterations in visual flow
on psychophysiological responses to virtual reality exercise. Percept Mot Skills. In press. (IF 1.245)

3. Washio T, Suzuki K, Saito S, Watanabe H, Ando S, Brothers RM, Ogoh S. Effects of acute interval handgrip
exercise on cognitive performance. Physiol Behav. In press. (IF 2.826)

4.  Tsukamoto H, Ishibashi A, Marley C, Shinohara Y, Ando S, Bailey D, Hashimoto T, Ogoh S. (2021) Plasma
brain-derived neurotrophic factor and dynamic cerebral autoregulation in acute response to glycemic control
following breakfast in young men. Am J Physiol Regul Integr Comp Physiol. 320(1), R69-R79. (IF 3.026)
2021 1 A

5. Costello JT, McMorris T, Ando S, Willams TB, Corbett J. (2020) Hypoxia and cognitive performance — the
role of barometric pressure. J Physiol, Comment on CrossTalk debate. (IF 4.547) 2020 &£ 9 A
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2020/Mth 5= ARE WHFRZE http://www.bio.mce.uec.ac.jp/

WROFE LD (2020 &£ 4 B~2021 3 B)

2020 £FETIE, PEHRHROBEBRFTETILERL, FEHEREBICKIUEBELILOEEERLIHIZT
EEBIC, BBEBICKVZHAPRETH - -E/NBREDZH IO LaLDOREETo-. &
=, BROBEREBERATLIZKYFZONzT—2ZRAL, FHiRE 2~3HNADHKREDERIZER I
HIDEHMOTLZFMICHENL, REOHEREREERISE LBEHREZTOAEICOVTHRLE].
S5, AEMBOEBMZREELETIEEZONTVWSETERST%EE S/N TEHBIFTAER R T A
#FFL, HAERZEIC, NEOEBREZRETILEBEL(2]. MAT, EFNEZEND SRS
TH5HILICKY, REFICEBL-EBMERETIEELHFKEL, BIMERICKY HEEFEZEIT T2
R, AEECHEREEYMZIFRETHBMETHIZLERL, EEOHFREZTo3].

Takuji KOIKE Laboratory

Summary (April, 2020- March, 2021)

In 2020, we clarified characteristics in changes of middle ear mobility caused by middle ear diseases using a
numerical analysis model of the middle ear, and proposed a diagnostic protocol for ossicular diseases, that were
difficult to diagnose, by machine learning. In addition, we analyzed the data obtained with the fetal hearing test
system. The changes in the heart rate of fetuses 2-3 months after pregnancy induced by the sound waves were
analyzed in detail, and suitable period for the fetal hearing test and its method were proposed [1]. Furthermore, we
developed a measurement system with high S/N for otoacoustic emissions, which is thought to originate from the
activity of hair cells in the inner ear, and constructed a finite element model of the inner ear based on the
measurement results [2]. We have also been developing a device that detects food remaining in the pharynx by
applying near-infrared light from outside the body, and evaluated its performance through animal experiments. As
a result, the food remaining in the pharynx was able to be non-invasively detected with this device. We applied for
a patent for the device [3].

FIAFREE R, $55F/2E) Research achievements (published papers, patents, etc.)

1. Remi Hibiya-Motegi, Marina Nakayama, Rina Matsuoka, Jun Takeda, Shuko Nojiri, Atsuo Itakura, Takuji
Koike, Katsuhisa Ikeda, Use of sound-elicited fetal heart rate accelerations to assess fetal hearing in the second
and third trimester, International Journal of Pediatric Otorhinolaryngology, 133, 110001 (2020), DOI:
10.1016/].ijporl.2020.110001 (IF=1.241)

2. F ER, N 2=, NEEMIROSDIIHEE T (CLD DPOAE SIUHEIEHZL : & ME
HBREZRET)LICKDEMBERET, Otology Japan, 64-2, ENRIH

3. HFEES : 4FFE 2020-123183  (2020/07/17)

FIADZIN . REFEE, BRHSE, RORHEE
FEAE : IUHE =4 , AN B8, A9 8, 1 EIRER , B =8, /vt £, faK Fsh
B MK, LREA @ ERZARFEABRBEKRTE , ERZAFEABEKRTE , FREAN BHIXFE

-19-



2020 #H &® #Ax=E http://www.hi.mce.uec.ac.jp/yklab/

WROFE LD (2020 &£ 4 B~2021 3 B)

LARZET(E, HAR—TEMORFEZEIBEL T, B \DICEERZBIEUEERDEAZ1To
TETCVD. B TOREL, EFOMIEES, HIFED, MR EDFRETRR EFIBABEADERAZELR,

BLY, ESHBEEZRAVCEHRERY/ \EUFT—S 3 > ADIGARE, ZIE(Chizd X h Oz
ZORY RTEZRORAMICKDIBRIND. 2020 FE(L, FEXRBEROHBEFORFEEFIER
EBEROREBIEETFTOME, HEEL B ERAVWCENEZFSWEREFORRICKIILEZ. N5
DORFTRRRE, EMKRBEBRAFT A —DRHhES TITONIZEDTHD. Fie, ZEHEHMHER
FOHIEICEET DRIADRFEEITV, CNSOMBEMAEEIEL T, LRIBITAY EERERAT
1TV, HEERCEFUL.

Yokoi Laboratory URL http://www.hi.mce.uec.ac.jp/yklab/

Summary (April, 2020- March, 2021)

The aim of our lab is developing a cyborg technology for the welfare applications. The cyborg technology
consists of multiple directions of mechatronics and robotics issues those are robot hand mechanics design and
production, control theory and software development, outer devices and covering gloves or sleeves, and usability
evaluation for the usage based on experiment for amputee. Furthermore, the issues of functional rehabilitation of
sensory motor system of impairment is another target. For this purpose, the functional electrical stimulation
system with 25 channels of electrodes has been developed which is able to select any combinations of electrodes
pair of cathode and anode. In 2020, the mechanics and controllers for the partial prosthetic hand and small hand
for congenital defects are developed under the collaboration with the national center for child health. The partial
prosthetic hand has been registered as a commercial product to the Ministry of Health, Labor and Welfare
completed parts. The multi-DOFs prosthetic hand with five fingers has been developed as main result of
collaborative work with Beijing Institute of Technology, and has succeeded to control with adaptable control

method by using continuous machine learning technology.

FHEELE (GHX) Research achievements (published papers, patents, etc.)

1.  Wenyang Li, Peng Chen, Dianchun Bai, Xiaoxiao Zhu, Shunta Togo, Hiroshi Yokoi, Yinlai Jiang,
Modularization of 2- and 3-DoF coupled tendon-driven joints,1 - 13,IEEE Transactions on Robotics,2020,
DOI: 10.1109/TR0O.2020.3038687

2. Susumu Kimizuka, Yohei Tanaka, Shunta Togo, Yinlai Jiang, Hiroshi Yokoi, Development of a shoulder
disarticulation prosthesis system intuitively controlled with the trunk surface electromyogram,14/ 542033, 1-
10,Frontiers in Neurorobotics,2020

3. & IRE, F 45, BB, = &KX, R ERES 1 - )UELIEDAFSERSE 1 -/
1 ROy b7—ABERORY RERSE 38/7, 657-666,2020

YT

1. FE IE, #EH A BREEEE. ML IORKE. BLUBKRIBSE 15575 10-
22251195 (2021/03/03)

2. HEHOESE , E RK , KR F7F , BH =ABB, Wi —mk , e 1, 1> —TJ T XEB
. A2AA—TJIAREE, BRG. VSANEE, 1556 67922595 (2020/11/10)

3.t ES, AR EE, ILEH BT, &K B2, £F, 155 2020-169821

4. 1R ESE, AR EE, LBH G, KR EFF, &K EZ, I\F 68, EEEERDMHTRAYVS
v NEE H5RE 2020-067259

5. @ ES, B RE, = &K, & IRE, ILEH G, BT 0J S ABIUEHEE, 1558
2020-002645
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2020 % & IX=E  http://www.ecc.es.uec.ac.jp/index.html

RRDFEH (2020 £ 4 A~2021 ¥ 3 A)

2020 FETI(E, /NEMWIR®D in vivo DIV DLA A= DFERERBWT, BHUIEICKDILED A
A A (Ca*" ) DFAFRIEEEL - B A ML RICDWTHTRZEMELTZ. AHHIRER Ca?* diEhEs
2 INOBD R EEREDEALES IS C I IR0 DMREANS T FIUREA D Z X LZER T

D. BEBSIWHHDA L RICKD T, HRERCHILDLAANEET DEREZFALIZ.
CNBSDHILED LA A EEMEDZEALE, BISHHHRAOBERENEET O 2 9 SHEA
SOFIELTOHREINEZSND. CNSOMRFERHOEFEENIRENS, B - /B0
JI\EVUF— 3> ADGANEFENS.

Yutaka KANO Laboratory  http://www.ecc.es.uec.ac.jp/englishver2.htm

Summary (April, 2018 - March, 2019)

In 2020, we performed studies on Ca*" influx pathways and heat/cold stress due to muscle contractions by in vivo
Ca?" imaging method. Myoplasmic Ca?" increases constitute intracellular signaling mechanism that can induce
changes in protein degradation and synthesis. We elucidated the dynamics of Ca?" accumulation in the cytoplasm
due to physical heating and cooling stress. These Ca*" homeostasis dynamics may play a role as intracellular
signals that control the regeneration and repair processes in myocyte. Therefore, these findings are expected to be

applied to thermal /cooling rehabilitation of skeletal muscle.

FIAFREE R, $55F/2E) Research achievements (published papers, patents, etc.)

1. Ikegami R, Eshima H, Nakajima T, Toyoda S, Poole DC, Kano Y. Type I diabetes suppresses intracellular
calcium ion increase normally evoked by heat stress in rat skeletal muscle. Am J Physiol Regul Integr
Comp Physiol. 2021 Apr 1;320(4):R384-R392. Epub 2021 Jan 6. (IF=3.068)

2. Poole DC, Kano Y, Koga S, Musch TI. August Krogh: Muscle capillary function and oxygen delivery.
Comp Biochem Physiol A Mol Integr Physiol. 2021 Mar;253:110852. (IF=2.219)

3. Takagi R, Tabuchi A, Asamura T, Hirayama S, Ikegami R, Tanaka Y, Hoshino D, Poole DC, Kano Y. In
vivo Ca<sup>2+</sup> dynamics during cooling after eccentric contractions in rat skeletal muscle. Am J
Physiol Regul Integr Comp Physiol. 2021 Feb 1;320(2):R129-R137. (IF=3.068)

4. Amano Y, Nonaka Y, Takeda R, Kano Y, Hoshino D. Effects of electrical stimulation-induced resistance
exercise training on white and brown adipose tissues and plasma meteorin-like concentration in rats.
Physiol Rep. 2020 Aug;8(16):e14540.

5. Tabuchi A, Craig JC, Hirai DM, Colburn TD, Kano Y, Poole DC, Musch TI. Systemic NOS inhibition
reduces contracting muscle oxygenation more in intact female than male rats. Nitric Oxide. 2020 Aug
1;100-101:38-44. (IF=3.311)
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2020 [HA %FE $HRXE  http://www.hb.mce.uec.ac.jp/index.html

RRDFEH (2020 £ 4 A~2021 ¥ 3 A)

2020 FEF, N—H—LRE—23a>FvTFrvZRVZHTEWEDR - BTEEDIREIZ{T DTz,
FT, MFBZAVWZT TREEFRT « D AMETEDR 21T D72, TOF AASZRWZN—1
—LRE—23>F v I F v TIIRIBOBIZRHMICHEEET D EMNASHERD, Open-pose &
WBFEENDERAZEIT DT, Open-pose ZHAND C ETEMETAEDHEREN@ LL, TR=FE®D
FRITAODREI—HD—LATESNBZEMNESHNER DI, Fie, MWEZZRAWT, AKX
NZEBT(CFRIT A DRDHFNSEEIFRT 1 DRZHWE T DHECDVNWTERET L, BRIFIRHETRS
ENESNE. CNICDWTIE, SBEFBETILDEIEDLCANEROSRE( LR EZIRETT DREN
DD, MKDHNS FREEDFRT 1 IR ZHE TSI HEENRENE.

Hidetaka OKADA Laboratory http://www.hb.mce.uec.ac.jp/index.html

Summary (April, 2020 - March, 2021)

In 2020, we verified the accuracy of gait motion measurement and analysis using markerless motion capture. In
addition, we investigated a method for estimating the kinetics of lower limb joints using machine learning. We
found that markerless motion capture using a TOF camera requires improvement in foot skeletal recognition, so
we switched to a method using Open-pose. The accuracy of the ankle joint angle estimation was improved by
using Open-pose, and the kinematics of the three joints of the lower limb could be obtained without markers. In
addition, a method for estimating joint kinetics from kinematics alone without obtaining ground reaction forces
was investigated using machine learning, and good estimation results were obtained. Although it is necessary to
modify the learning model and optimize the input variables, the possibility of estimating the kinetics of lower limb

joints from video images alone was demonstrated.

AR R, $55F/2E) Research achievements (published papers, patents, etc.)

1. MHRRZE, @GR, SERE, MRl BERZRAVVCEARAAT A — SOBFREIDEEDIEE, /A
AAPNZXLFEREE, 44(3), 162-170, 2020.

2. Onishi, Y., and Okada, H., Determination of heel strike and toe-off timing during gait using kinematic data
by a logistic regression model, The 2020 Yokohama Sport Conference, September 8, 2020, Online.

3. Kfufp—, ME%NZE, O X5+ v ILlRET)UICKDHITOREIME KURBHIRI T EDRET, 5
41 B)\A ARADZXLFHEEER, 220 F 12 B 6 H, A>S51>.

4. Sakurai, T., and Okada, H., Accuracy verification of a markerless gait motion capture system using TOF
camera, The 2020 Yokohama Sport Conference, September 8, 2020, Online.

5. #HE, MARZE, TOF IASZRWCNY—H— L AT X5 ADEREEDIREY, 5
41 B)\A ARADZXLFHEEER, 220 F 12 B 6 H, A>S51>.
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2020 /MR =#a ARZE  http://www.medigit.mi.uec.ac.jp/

WROFE LD (2020 &£ 4 B~2021 3 B)
DNONOARZET(S, EBEREEDOIRIMHME - T7IUE (EFS1E) (CKDEEREEREST =5) ke
BAEL & U CTHERAIIC & DA, EFEMERS AT AL TEERREEZSE - RE(LT /200Ny S
¥ - B - EHRUE - 7))LV X LDODBERETD. CDDS5, HRFEEL, REFIMEIER
L CBEEZY U JBESEEIE(L T DO/Ry MERE - S - BEEQLIR - 77)L T X ASMiZ#ARIC
BEUL. CNICEAEL CTHABEEEFS 93 MIFMER(CHVWTAHAR IO T MMIBET DR
BEFERZITIA, 5 21 HABEREFSEMEZZE L.

Koizumi Norihiro Laboratory http://www.medigit.mi.uec.ac.jp/

Summary (April, 2020 - March, 2021)

In our laboratory, the robot mechanism for incorporating medical skills into the device side as a digitalized
function , and reconstructing the medical professional skills on the robotic system utilizing mechanism
technology, control technology, image processing algorithm technology. In the current fiscal year, we proposed a
new robot mechanism, control, image processing, and algorithm technology that optimizes treatment monitoring

images by using deep learning technology.

FIAFREE R, $55F/2E) Research achievements (published papers, patents, etc.)
1. M.Kumagawa, N.Matsumoto, K.Miura, M.Ogawa, H.Takahashi, Y.Hatta, R.Kondo, N.Koizumi, M.Takei,

M.Moriyama, "Correlation between alterations in blood flow of malignant lymphomas after induction

chemotherapies and clinical outcomes: a pilot study utilising contrast-enhanced ultrasonography for early
interim evaluation of lymphoma treatment," Clinical Radiol., 2021. IF=2.1

2. F.Wang, K.Numata, M.Chuma, H.Nihonmatsu, S.Moriya, A.Nozaki, K.Ogushi, H.Fukuda, M.Okada, L.Ruan,
W.Luo, N.Koizumi, M.Nakano, M.Otani, Y.Inayama, S.Maeda, "The value of hepatobiliary phase in EOB-
MRI in predicting hypervascularization outcome of non-hypervascular hypointense lesions in high-risk
patients for hepatocellular carcinoma," Abdom Radiol., 2021. https://doi.org/10.1007/s00261-020-02881-0
IF=2.4

3. Shiho Yagasaki, Norihiro Koizumi, Yu Nishiyama, Ryosuke Kondo, Tsubasa Imaizumi, Naoki Matsumoto,

Masahiro Ogawa, Kazushi Numata, "Estimating 3-dimensional liver motion using deep learning and 2-
dimensional ultrasound images," International Journal of Computer Assisted Radiology and Surgery (IJCARS),
Vol.15, No.12, pp.1989-1995, 2020. https://doi.org/10.1007/s11548-020-02265-1 1F=2.5

4. Feiqgian Wang, Kazushi Numata, Hiromi Nihonmatsu, Makoto Chuma, Satoshi Moriya, Akito Nozaki,
Katsuaki Ogushi, Hiroyuki Fukuda, Litao Ruan, Masahiro Okada, Wen Luo, Norihiro Koizumi, Masayuki
Nakano, Masako Otani, Yoshiaki Inayama, and Shin Maeda, Intraprocedurally EOB-MRI/US fusion imaging

focusing on hepatobiliary phase findings can help to reduce the recurrence of hepatocellular carcinoma after
radiofrequency ablation, International Journal of Hyperthermia (IJH), Vol.37, No.1, pp.1149-1158, 2020.
https://doi.org/10.1080/02656736.2020.1825837 IF=4.0

5. ATEIE, ERRE, NREME, ALK, "ONN ZAVCERBE KBS OSSR FEDLL
8 - 1REL" SHAIEEHIEFERRTE, Vol.56, No.12, pp. 560-569.
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2020 = Rk THX=E  http://www.hi.mce.uec.ac.jp/yklab/

WROFE LD (2020 &£ 4 B~2021 3 B)

2020 FETIE, (1) AAREMERULIZDAVFSEFEOEDS 1 —-I)ILZHANWT, Ea1—<X ./ RO
Ry hOBRZEEDIE. 7 BHEDOORY h7—LADR—O—RDEEEESIC, ORY AR SR
% 3 BHEREBEZTALUIE. (2) HENSBERFRIBICHITDIE—Y—R1> MNEBROBE SEER
EHDIEHIC, BIBEETICESE Ue LB _SEADTE—F —R1 > MNERREEEZHEL, E—F—R
1> MERRIBOBMEEHER TS/, EB_EADET -5 —R1 > ROBED DWTHRANE.
(3) EFOHEFENCHITDUMEBDOEREHNDEKFEZRSITEHIC, WILFE—HIUES (BHE
ESERE - BT HYREIEN) OBMWMZIRIIL, BE—ESXDEVHEEIBE SEEUNHER TS
Iz, (4) HTZEHOFBEOFHEREZ BN (CHRE T B/2H(C, EEFEZA LD AERER%ZRETE
FRIHFEZEAL, BBEIKDUZ)LIAALACESPEREMTE T DA EZRFELUEL.

Yinlai JIANG Laboratory  http://www.hi.mce.uec.ac.jp/yklab/

Summary (April, 2020 - March, 2021)

In 2020, (1) we have been developing humanoid robot using the tendon-driven modules that we proposed. The
payload of the 7 degrees-of-freedom robot arm was enhanced, and a 3 degrees-of-freedom waist joint was
implemented for the torso of the humanoid robot. (2) A motor point tracking device for biceps brachii was
evaluated to improve the tracking density and accuracy to reduce muscle fatigue caused by functional electrical
stimulation. The results suggested the effectiveness of motor point tracking based on the relationship between the
elbow joint angle and the motor point position of biceps brachii. We also investigated the motor point shift of
triceps brachii. (3) Multimodal biosignals (myoelectric signals and the pressure between skin and the sensor
circuit board) was proved to lead to higher accuracy and stability for myoelectric control to reduce the dependency
on the residual muscles of the amputee. (4) Head pose was introduced into the recognition of a user’s control
intents to control a walking support machine, and a real-time head pose estimation was developed based on robot

vision.

AR R, $55F/2<E) Research achievements (published papers, patents, etc.)

1. Kento Ichikawa, Yinlai Jiang, Masao Sugi, Shunta Togo, Hiroshi Yokoi, Joint Angle Based Motor Point
Tracking Stimulation for Surface FES: A Study on Biceps Brachii, Medical Engineering & Physics, Vol. 88,
pp-9-18, 2021. (IF 1.737)

2. Shunta Togo, Kazuaki Matsumoto, Susumu Kimizuka, Yilai Jiang, and Hiroshi Yokoi, Semi-automated
control system for reaching movements in EMG shoulder disarticulation prosthesis based on mixed reality
device, IEEE Open Journal of Engineering in Medicine and Biology, Vol. 2, pp. 55-64, Feb. 2021.

3.  Wenyang Li, Peng Chen, Dianchun Bai, Xiaoxiao Zhu, Shunta Togo, Hiroshi Yokoi, and Yinlai Jiang,
Modularization of 2- and 3-DoF Coupled Tendon-Driven Joints, IEEE Transactions on Robotics, Dec. 2020.
(IF 6.123)

4. Susumu Kimizuka, Yohei Tanaka, Shunta Togo, Yinlai Jiang, Hiroshi Yokoi, Development of a shoulder
disarticulation prosthesis system intuitively controlled with the trunk surface electromyogram, Frontiers in
Neurorobotics, vol.14, n0.542033, pp.74, Oct. 2020. (IF 2.574)

5. EiRE, =G5, BIEREMEX, EBAEE, E21-IUELEDA VP ER#SEE1 - /1K -
O/Rw h7—A4, BAROMRY hFESRES, Vol.38, No.7, pp.657-666, 2020 £ 9 A.
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2018 7% &5 WARXZE https://sun-melab.com/

WRDOFELH (2018 4 B~2019 &F 3 A)

A0 L —45 —REDEFRT Y — KBDIEEM N1 FIL Y > OsHRlEMEERL, [BERED
RUONHBDIBEORESI T AL, [DDRZMOIESHDEEMRISIZEIEEMATEC KB A ML REE
i XFAl , [BEEtatSChTEESBRE=ZY V> IIIATAl DFICESEZNT, ERK
ERDOEFUEOMATRAREITO TS, 2020 FETIE, KDBPERIY—-_2TJS AT LADEALZE
BigL, ZTERETHERASINTLBHRIMNE - CMOS IASERWT, FJEHEMT/\AHILYA>THhD
MEIRES - A% - IKBEAIEL, BEHURCKDRBRERR DI -0 93 AT LAOHREIRR
Uiz,

Guanghao Sun Laboratory  https://cargocollective.com/guanghao sun

Summary (April, 2018 - March, 2019)

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, etc. To promote the widespread use of infection screening system, we have been
working on systems with minimum hardware requirements to achieve a system that is more suitable for real world
settings. The most reliable solution is to enhance the functionality of the conventional infrared thermography
systems that are already installed at international airports. By incorporating the latest advances in image
processing techniques, these infrared thermography systems can acquire thermal and visible images together by
integrating visible and thermal cameras. In this study, we used high image and temperature resolution infrared
thermography that combines visible and thermal images to acquire multiple vital sign measurements from facial
images using remote sensing. The benefit of this approach is that it only requires a CMOS camera that is equipped
with IRT rather than a large-scale system.

AR R, $55F/2E) Research achievements (published papers, patents, etc.)

1. Nguyen Dinh Chinh, Luu Manh Ha, Guanghao Sun, Le Quoc Anh, Pham Viet Huong, Tran Anh Vu, Tran
Trong Hieu, Tran Duc Tan, Nguyen Vu Trung, Koichiro Ishibashi, Nguyen Linh Trung. Short Time Cardio-
vascular Pulses Estimation for Dengue Fever Screening via Continuous-Wave Doppler Radar using Empirical
Mode Decomposition and Continuous Wavelet Transform. Biomedical Signal Processing & Control, 65,
102361, 2021. [IF: 3.3]

2. Hiroki Takamoto, Hiroki Nishine, Shohei Sato, Guanghao Sun, Sadao Watanabe, Kim Seokjin, Masahito Asai,
Masamichi Mineshita, Takemi Matsui. Development and Clinical Application of a Novel Non-contact Early
Airflow Limitation Screening System using an Infrared Time-of-flight Depth Image Sensor. Frontiers in
Physiology, Section Respiratory Physiology, Volume 11, Article 552942, 2020. [IF: 3.3]

3. Guanghao Sun, Nguyen Vu Trung, Le Thi Hoi, Pham Thanh Hiep, Koichiro Ishibashi, Takemi Matsui.
Visualization of Epidemiological Map using an Internet of Things Infectious Disease Surveillance Platform.
Critical Care, 24 Article number: 400, 2020. [IF: 6.9]

4.  Takemi Matsui, Tsuyoshi Kobayashi, Masaya Hirano, Masahiro Kanda, Guanghao Sun, Yusuke Otake,
Masakazu Okada, Sadao Watanabe, Yuikiya Hakozaki. A Pneumonia Screening System based on
Parasympathetic Activity Monitoring in Non-contact Way using Compact Radars Beneath the Bed Mattress.
Journal of Infection, 81(2), 2020. [IF: 4.8]

5. Shinba Toshikazu, Murotsu Keizo, Usui, Yosuke, Andow Yoshinori, Terada Hiroshi, Takahashi Mami, Takii
Rie, Urita Michiko, Sakuragawa Satoshi, Mochizuki Miwa, Kariya Nobutoshi, Matsuda Saori, Obara Yusuke,
Matsuda Hanae, Tatebayashi Yoshitaka, Matsuda Yoshiki, Mugishima Go, Nedachi Takaki, Guanghao Sun,
Tomoko Inoue, Takemi Matsui. Usefulness of heart rate variability indices in assessing the risk of an
unsuccessful return to work after sick leave in depressed patients. Neuropsychopharmacology Reports, 2020.
[IF: NA]

6.  Toshiaki Negishi, Shigeto Abe, Takemi Matsui, He Liu, Masaki Kurosawa, Tetsuo Kirimoto, Guanghao Sun.
Contactless vital signs measurement system using RGB-thermal image sensors and its clinical screening test
on patients with seasonal influenza. Sensors, 20(8), 2020. [IF: 3.2]

7. MIRSSRRBHIBIERE, 4R 2020-92980, 2020 F
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2020 PP &KX TARZE http://www.hi.mce.uec.ac.jp/yklab/

WROFE LD (2020 &£ 4 B~2021 3 B)

2020 FE(CEFUTORTKREZSI. 1. AELBEFD 7 BHEZFDOOMRY h7—AEEFHAORY
N\ R, Yoy hzEAFENDEDICETELEHAEMEREF S AT LZBERUL. 2. 8 BT 5HE
ORy hP7—LZVoy MABRDfT, BIBEBREFEUTERTERILSHUE L. ZDRER, %<
OHBEEMEEEITIDCENTSER. 3. FHEBTES 1—I/LZICAL, ZBHITORY hEF
Ufz. 4. TS5 Z=0RY N\ RICISATRCET, Oy N\ ROE>FHEBINESEZCE
NTEE. 5. KBOIHE(ORTHIROFEZEBHI D2 ET, 6 BHEDHIFHADBERZIME T D
ENTEZ. 6. IREMBEHIHZEIGERET 2 & T, BIMHBEEFDOORY RFZ—ACHUT, #HFE/N
RICHRTE UTe R R 2 (RIF LT =, BB BREHIEZIT DA EZMFEL. 7. HEEFEEL
DFEKEMEZ LB T D & T, IMEEEBIEDRBMNEE CH D EZ2ER TRUE.

Shunta TOGO Laboratory http://www.hi.mce.uec.ac.jp/yklab/

Summary (April, 2020 - March, 2021)

In the 2020 year, we achieved the following research results. 1. A multi-DoF EMG shoulder disarticulation
prosthesis system was constructed by combining a robotic arm with 7 DoF, a robotic hand for prosthesis, and a
socket. 2. An 8-axis coupled tendon driven mechanism robotic arm was attached to the socket and modified to be
used as a EMG shoulder disarticulation prosthesis. 3. We developed a biped walking robot by applying the
coupled tendon driven mechanism module. 4. By applying the coupled tendon driven mechanism to the robot
hand, we could double the pinch force of the robot hand. 5. By applying the dimensionality reduction method to
the EMG measured from the trunk, we could extract the control input with 6 DoF. 6. By extending the virtual
trajectory control method, we developed control method to track the target trajectory for robotic arm with an
agonist and antagonist muscles remaining its mechanical flexibility. 7. The importance of the opposability of the
little finger and thumb was empirically demonstrated by comparing the catching motion of a human and a

myoelectric prosthetic hand.

AR R, $55F/2<E) Research achievements (published papers, patents, etc.)

1. Shunta Togo, Kazuaki Matsumoto, Susumu Kimizuka, Yinlai Jiang, Hiroshi Yokoi, “Semi-automated control
system for reaching movements in EMG shoulder disarticulation prosthesis based on mixed reality device,”
IEEE Open Journal of Engineering in Medicine and Biology, Vol. 2, pp. 55-64, 2021. doi:
10.1109/0JEMB.2021.3058036

2. Wenyang Li, Yiwei Wang, Shunta Togo, Hiroshi Yokoim Yinlai Jiang, “Development of humanoid shoulder
based on 3-motor 3 degrees-of-freedom coupled tendon-driven joint module,” IEEE Robotics and Automation
Letters, Vol. 6, No. 2, pp. 1105-1111, 2021. doi: 10.1109/LRA.2021.3056376 [2019IF: 3.608]

3. Kento Ichikawa, Yinlai Jiang, Masao Sugi, Shunta Togo, Hiroshi Yokoi, “Joint angle based motor point tracking
stimulation for surface FES: a study on biceps brachii,” Medical Engineering and Physics, Vol. 88, No. 2, pp.
9-18, 2021. doi: 10.1016/j.medengphy.2020.11.014 [20191IF: 1.737]

4. Wenyang Li, Peng Chen, Dianchun Bai, Xiaoxiao Zhu, Shunta Togo, Hiroshi Yokoi, Yinlai Jiang,
“Modularization of 2- and 3-DoF coupled tendon-driven joints,” IEEE Transactions on Robotics, 2020. doi:
10.1109/TR0O.2020.3038687 [20191F: 6.123]

5. Susumu Kimizuka, Yohei Tanaka, Shunta Togo, Yinlai Jiang, Hiroshi Yokoi, “Development of a shoulder
disarticulation prosthesis system intuitively controlled with the trunk surface electromyogram,” Frontiers in
Neurorobotics, Vol.14, No.542033, pp.1-10, 2020. doi: 10.3389/fnbot.2020.542033 [20191F: 2.574]

6. & iRK, F x5, B W5, =M &KX, #EH &R, “ES21—-IUELIEDA VP FSREEED1 —Y
A R-ORY c7—A7, BROMRY hFEREE, Vol.38, No.7, pp.657-666, 2020. doi: 10.7210/jrsj.38.657
P 14 ERFEsERER 14 BRSERER N
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2020 ##7%F B5XEE MR=E http://www.klb.es.uec.ac.jp

WROFE LD (2020 &£ 4 B~2021 3 B)

2020 F£EI(E, V1 IEEAD by TI I MRICHITDHRAN X L=RIAT DIz, IHIREETHER
MFEEN S by TID R EZITDIRES AT LAOETIVEER UTe. COAFRTIE, VI THRIRS
NBDHIRD(TERERD. Y SRIFURBREONMEZ1—0O> & MY TFIAEBICELDOTE

DHENBTva - TILHRICK>THIHlcNB CEZERUE, Fie, ZXD(ERIERNR—

AV X LOAHAE—RIABAY TU DL RO TRBENDZ S EZRUE. B —DDOMFKRELT. RE

FIEERE(CBITDIERET—F I AT OMEMIBIC DVLWTIAR U, BalE. KED—F> I AE

UNREFIEERE 1 —O> DS T A28 (C K DHEDMIEEB CRDEMRIND C &R

ZUfe, F/z. GABAIIBI —a1—0O> DERIEHEK(ICHITDIEEIZ RUTE. 5(C. REFEENE SR

MEBEDMTEIRERME(CEDLDICHFESLUTVDIN. TDAADZXALICDWVWTERTE LI,

Yoshiki Kashimori Laboratory  http://www. klb.es.uec.ac.jp

Summary (April, 2020 - March, 2021)

In 2020 year, to elucidate the neural mechanisms underlying top-down influence on V1 responses in perceptual
learning, we developed a model of visual system, in which early visual areas were subjected to top-down influence
from a recognition area. We showed that task-relevant information in early visual areas was regulated by a push-
pull effect, produced by somatostatin-expressing interneurons and top-down signal. We also showed that task-
context information was coordinated by the phase-phase coupling of beta rhythms, while the local, task-relevant
stimulus features were enhanced by the phase-amplitude coupling of beta and gamma rhythms. In addition, we
worked on the elucidation of the neural mechanisms underlying gustatory working memory in orbitofrontal cortex
(OFC). We developed a model of gustatory system that consisted of network models of gustatory cortex (GC) and
OFC. We showed that the gustatory working memory was shaped by the recurrent activation mediated by short-
term synapses of OFC neurons. We also showed that the suppression of unnecessary memory activation by
GABAergic inhibition facilitated the efficient coding of working memory. Furthermore, we offered the mechanism
how ABL and OFC works to acquire adaptive behavior in reversal learning and how the lesions of ABL and OFC

impair their functions.

AR R, $55F/2<E) Research achievements (published papers, patents, etc.)

1. R. Tani, Y. Kashimori: Brain rhythms enhance top-down influence on V1 responses in perceptual learning.
BMC Neuroscience, 21(Suppl 1), P94 , 2020 & 7 A

2. L. Antaket, Y. Kashimori: A functional role of short-term synapses in maintenance of gustatory working
memory in orbitofrontal cortex. BMC Neuroscience, 21(Suppl 1), P95, 2020 & 7 H

3. BHEISE, BR5EE: IREREANRE ERYIMKOABENER (C K DITEZIIEDHIEHLS. EFEER,
IEICE-120 no.331, pp.34-39. 2021 &£ 1 B

-29 .-



2018 Hth ¥ ®R=E http://tanaka-lab.net/

WRDOFEED (2018 4 B~20194 3 B)

AREE(L, UTDOLDRKRMAPORIRAICEDIMEATIZ 1 (1) BB EAMRY THER SN 2%FEHID
BHEFICBNT, EOLDICSFTRDEETEINECDDN ? () REBHNIRETF_—_1—-0>0h
FORIREDRRAEBMRY TBRICEDLD(CHFSITIDON ? (3) HDEREDIRFINEDLS(C
BT I B0 ? RAFRTIE. LUBICERUIEFRIDEEFCHIFTIARMEEHAC L BT —ID
BRE EBa DEIRES)LOBET 21TV, AN Y TORERICIKTF UTEER,/ BiR(CHITDSF TR
BEBZIDOANZZXLDEE(CBO 2, TORR, SETSNEEFTIVCEDLKSZalL—> 3> (&
S - L XTI ZERE LU TE CONEFRIDAALEREICEA T DERFHTOT 7 1ILD
BIRICARINUE, EERNERR SIEGNBIROEBNIZ—ENS. BDNF (CLo>THESNZ. B—DX/N
4> L TOERRD S F T AEESROBRESNABIERN AALRIRME E BRI Y T OREBRIKIFORR. /B
RICED TEERRTFCTHDZ ENREENT,

Shigeru Tanaka Laboratory #fi3%Z URL http://tanaka-lab.net/en/

Summary (April, 2018 - March, 2019)

This fiscal year, we addressed the following unsolved questions: (1) How does synaptic rewiring occur in the
visual cortex during the formation of orderly orientation maps in early life? (2) How does visual experience
contribute to the maturation of orientation selectivity of visual cortical neurons and reorganize orientation maps?
(3) How does the sensitive period for orientation plasticity end? In this study, we reexamined the data obtained
from our previously performed animal experiments and revised our mathematical model to understand the
mechanisms underlying synaptic rewiring for experience-dependent formation and reorganization of orientation
maps. As a result, simulations based on the revised model reproduced the sensitive period profile for orientation
plasticity, which has been obtained from intrinsic signal optical imaging of the visual cortex in kittens reared with
cylindrical-lens-fitted goggles. The excellent agreement between experimental observations and theoretical
reproductions suggests that the BDNF-induced competitive interaction among synaptic contacts from different
axons on the same spine is an important factor for the experience-dependent formation and reorganization of

orientation selectivity and orientation maps.
AR R, $55F/2<E) Research achievements (published papers, patents, etc.)
1. Tanaka S, Miyashita M, Wakabayashi N, O’Hashi K, Tani T, Ribot J. (2020) Development and

reorganization of orientation representation in the cat visual cortex: Experience-dependent synaptic
rewiring in early life. Frontiers in Neurolnformatics 10.3389/fninf.2020.00041 (IF:2.649).
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2020 Wiz E AFEZE https://NumericalBrain.Org/

WROFE LD (2020 &£ 4 B~2021 3 B)

2020 EE(FARE<KUTD 3 DOMARZEIT O, (1) WILFIAI/IN— A MEFTILOEBES =2 L—2
I>OERIE : ILF )= b XA MEFTILOEES =1 L —2 3 > TIIEBUEZEEN SHERIZAF
ERBVBNTEREN, A THBREERVNDC ETRETDREEMZEELDD. GPU ZFHWNWT
KIBICSHEZERIEIT D ECHKRIILZ. 2) B BAS =2l —23>  IHOMRLEES)LEER
OIBRRETILEZEEUREIL—THEHOS =2 L —>3>%2FT79 3D, ROSEHAWTET
IVBEEES T DFEZIRT L. RAZDFHEIRRET LD L% CPG EF /L CHIHIT B2 &(CRIIL
1z (3) ERIEFEE © T L HMREIB L TULD/BKEIRE (C K 28E F B DIRRERET I D/zsIC. /KD
ZINAF>2 03y RNDO—OFFIVEBRUE, e, UPILIAALSZaL—2 3> %EKIRT 3/ \iK
DAINAF>2 I3y RND—2TFSF)LD GPU REZHRE U,

YAMAZAKI Tadashi Laboratory https://NumericalBrain.Org/en/

Summary (April, 2020 - March, 2021)

In fiscal year 2020, we conducted 3 different researches.

(1) Acceleration of multi-compartment model simulation: To accelerate simulation of multi-compartment models,
we adopted an explicit method to solve diffusion equations. We confirmed that an explicit method achieves faster
simulation on cerebellar neuron models than implicit methods, which are widely used for stability.

(2) Brain-body simulation: To achieve a closed-loop simulation between a neural network model of the brain and
a musculoskeletal model of the body, we employed Robot Operating System as a framework for communication
between the brain and body models. We succeeded in controlling a forelimb of a mouse model by a central pattern
generator model.

(3) Cerebellar reinforcement learning: To examine our theory of cerebellar reinforcement leaning, we built a
spiking network model of the cerebellum with multiple synaptic plasticity mechanisms. We also built another
cerebellar model on a GPU for realtime simulation.

AR R, $55F/2<E) Research achievements (published papers, patents, etc.)
(48 - 330
1. Hiroshi Yamaura, Jun Igarashi, Tadashi Yamazaki. Simulation of a human-scale cerebellar
network model on the K computer. Frontiers in Neuroinformatics 14:16, 2020. (IF 3.303)
2. Tadashi Yamazaki, Jun Igarashi, Hiroshi Yamaura. Human-scale brain simulation via

supercomputer: A case study on the cerebellum. Neuroscience, In Press. (IF 3.056)
3. Tadashi Yamazaki. Evolution of the Marr-Albus-Ito Model. In Book “The cerebellum as a CNS
hub” (Eds, Mizusawa and Kakei). Springer, In Press.

4. Rin Kuriyama, Claudia Casellato, Egidio D’Angelo, Tadashi Yamazaki. Real-time simulation of

a cerebellar scaffold model on graphics processing units. Frontiers in Cellular Neuroscience, In
Press. (IF 3.943)
(BfFadE)
5. Tadashi Yamazaki. Supercomputers are ready to simulate human-scale brain models. UH CS
Colloquium, University of Hertfordshire, February 17, 2021.

-31 -



2020 fkik 458 THR=E https://sites.google.com/gl.cc.uec.ac.jp/vision/

WROFE LD (2020 &£ 4 B~2021 3 B)

MIEN(C(SR—BTHDIN, BRIJIBEUTHEINIBZEBENICREICANBI TERRUES
BICEEDISBRENMNEESNDIMNCDWVWTHABRLUR. FEEHNICERRD 2 B(CETHETEIERA
BREEENFET DN E MBYIEEERR (CL > THREBELUE. £EEMRNECTHEULCEREIIEETSILIC
FHUTKRKEDRRD/I\F—>Z2ANU, HIEET)ILOHEINSHIEREBREGOFEEFAIL, D
FHAE MBI DCEZRBHEULE.

Shunji Satoh Laboratory https://human-informatics.jp/

Summary (April, 2020 - March, 2021)

We investigated perceived colors that are physically identical but perceived as different colors due to contextual
information of temporally flickering surrounds. We also conducted psychophycial experiments to investigate a
critical fusion frequency of the two perceptually different colors. We input a huge amount of different visual
patterns to our computational model for motion encoding, and predicted novel illusory patterns from the model

estimation of the computational model.

AR R, $55F/2E) Research achievements (published papers, patents, etc.)
1.  FEXE, MEEE HERNENEORAMSEES, BRREFZFSREAR 2021F 1 H

2. MUY, EREBERA, RAOAE, SKE, RESEETILS 1L —> 3> 0mE b SHERER

DOBRR,) BFERBEF-_1—00>E1—F+ > JWRR, 202043 B
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2020 WWAZFEE WARZE  http://www.nvu.mi.uec.ac.jp/old_html/index.html

AR R, $55F/2E) Research achievements (published papers, patents, etc.)

1. BREIR, WWEFESE, FFEE, IRERES, ItRRMH, FESE, Vs, Bz, ANE
BR, DEFRMENZAVIHMEERIEREBRERED L MIHITDRHE 4 ] , 2020 FEEHAK
Mt FoERKRE, A>S51 R, 202069 H 16 H.

2. WWHEEE, DBEFRNRCRDEGRT 2T )ULRAFIA—IWSILEY N ET ST F
Tl , B4R FZOAMRS, A5, 2020 10 A 10 H (BFHEH) .

3. BREIX, WB=4, FEIPAHE, WEXRES, JtHEAEH, TR, Ve, BfFEE, ANE
BR, DEFRINENZAVCIRIERBOIHREIREEDRTE : T 7 > MAZAVZIREEETHE] |
BANF S 0PJ2020, A> 51> FfE, 2020511 A 17 8.

2020 A3 jats AR=E

AR R, $55F/2E) Research achievements (published papers, patents, etc.)

1. BAREX, WB=4, FEIPaE, WEXRES, JtHEFEMH, FERE, Ve, BfEE, ANE
BA, DEFRENZAVIHMEERERBRERED L MIH TR 4] , 2020 FEEHAK
WIRFSFRAS, A5 kHE, 20209 H 16 BH.

2. HBREIXR, WWHBFE4E, AFNEE, 1IRERES, {tRRM, FEEY, Ve, BRi=E, ANE
BR, DEFRINENZAVCIRIERBOIHMRERIEDRTE : J7 > MAZAVZIREEEHE] |
BAYF S 0PJ2020, A> 5 > BiME, 20204 11 A 17 H.

MK EE WRE

MREDFEH (2020 £ 4 A~2021 £ 3 A)
BAOMEREIHAREHEMRILEEXANV-BERBEOMETHD, TIY I 747 L—H
— (Fz LR L—H—) L I8 EF oAV A VBEFROEE DR T LERA W -BEERER
PEPITHD, COZFrorLOv A UIEEHFREELAORELLER Y TOEETHS, =
NEAVWTZ FARUDILEZHEDLEYOMEBKEDEINRBE. RUANLEATHDIF oy O0—L4
cNDEFRMBEEMEL-, COSI3BZ FARUIILEFEDEEMIE. TOFERICIIHIZIE
ATP IZH DREAENABFEEZR OEELNFTHDH. LHLELAS. D hILRZILIEEY &R
2. ALRZLEO-OMEREF—EEREEZMET 2 REEFENNEE D, F Ay O—LIEH
EVWSERFORSH. AHFRICEREFENNEEZ DS, TOEHIZ. N6 FOMEEF—EIEHR
WEEIREIZHD, TOEH., SAL5ODFOREKREDEI#-7 = A FBRBEEOEMNBRESE
MELEBIEINETEN >N, KARTHNH THLMNZIS T,

Takayoshi Kobayashi Laboratory

Summary (April, 2020 - March, 2021)

We have developed world highest-level femtosecond spectroscopy system composed of the second
harmonics(SHG) of Ti: sapphire laser and 128-channel multi-lock in amplifier. Especially the lock-9in amplifier is
the world largest number channeled lock-in system. The wavelength of SHG is ~400nm. Using the system, we
have studied the photochemical reaction mechanisms of 4,5-dimethoxy-2-nitrobenzyl acetate, important in the
relaxation mechanism of excited state relevant to photo protections in DNA. We also studied the primary
electronic and vibrational dynamics of cytochrome c. The pulse duration of the laser is about ten femtosecond.
Due to the difficulty of generation of ultrashort pulse laser in near ultraviolet pulse and the measurement with
the 10 femtosecond pulse laser the excited singlet states in these molecules have for the first time studied in our

group.
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We have published papers entitled “Photochemical reaction mechanisms of 4,5-dimethoxy-2-nitrobenzyl acetate
analyzed by a sub-10 fs near-ultraviolet pulse laser,” and “Primary electronic and vibrational dynamics of
cytochrome ¢ observed by sub-10fs NUV laser pulses”.

In the study examined the electronic dynamics of 4,5-dimethoxy-2-nitrobenzyl acetate after n-n* excitation.
Pump-probe measurement using a near-ultraviolet sub-10 fs pulse laser revealed that the lifetime of the S*(n-n*)
state is 500 fs after photoexcitation to produce the S*(n-n*) state and that the lifetime of the S*(n-n*) state is
1000 fs. By studying different alpha substituents, the lifetimes of the S*(n-n*) state and the S*(n-n*) were found
to be independent on the alpha substituents.

The primary reaction mechanism of cytochrome c (Cyt ¢) was elucidated for two redox forms of ferric (oxidized)
and ferrous (reduced) Cyt ¢ by measuring their transient absorption (TA) spectra using a homemade sub-10 fs
broadband NUYV laser pulses system. The TA traces measured in the broad probe wavelength region were
analyzed by the global analysis method to study the electronic dynamics. The difference of relaxation dynamics
dependent on the excitation bandwidth enabled us to elucidate that the 2.5 ps component in ferrous Cyt ¢ can be
assigned to intramolecular vibration energy redistribution and not to vibrational cooling, which was not clear until
this work. The temporal resolution of 10 fs observes TA signal modulation caused by the molecular vibration in
the time domain, which can be used to calculate the instantaneous frequency of the molecular vibration mode. The
observed vibrational dynamics has visualized that the heme structure changes in 0.8 ps for ferric Cyt ¢ and in >1.0
ps for ferrous Cyt c. These estimated lifetimes of vibrational dynamics reflect vibrational relaxation in the ground
state of ferric Cyt ¢ and electronic transition from the S2 state to the S1 state in ferrous Cyt ¢, respectively.
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