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

Summary (April, 2018-March, 2019)

Our laboratory worked on the research and development of an in vivo imaging probe involving firefly
bioluminescence. We have developed three products that are currently available on the market “Akal.umine,”
“AkalLumine-HCI” (Wako Pure Chemical Ind., Ltd. Currently Wako Pure Chemical Corporation), and “TokeOni”
(Sigma Aldrich, Merck group). However, because TokeOni is based on an HCl salt, it creates acidic conditions in
the experimental animal body which can cause practical problems for users. Therefore, we designed “SeMpai,”
which has similar near infrared luminescence (Amax = 675 nm) and does not include HCI. “SeMpai” is currently

available from Sigma Aldrich and it was introduced in the market in November 2018.

FIRATEE BX, FFEF/RE) Research achievements

1. Tomoya Fujikawa, Takuya Uehara, Minoru Yamaji, Takuya Kanetomo, Takayuki Ishida, Shojiro Maki, and
Takashi Hirano®, “Structure-fluorescence relationship of push-pull 2-phenylbenzothiazole derivatives
designed based on the firefly lightemitter,” Tetrahedron Letters, 2018, 59 (14), 1431-1434. (IF: 2.26)

2. Yuma Ikeda, Tsuyoshi Saitoh, Kazuki Niwa, Takahiro Nakajima, Nobuo Kitada, Shojiro A. Maki, Moritoshi
Sato, Daniel Citterio, Shigeru Nishiyama, and Koji Suzuki, “An Allylated Firefly Luciferin Analogue with
Luciferase Specific Response in Living Cells,” Chemical Communications (Chem. Commun.), 2018, 54,
1774-1777. (IF: 6.16)

3. 5% &, ERE, B FHE, [hvivo EMEXAA—T2T0F s 0], EREF (KRR
=t FIH), £36%F 58195, 3273-3281, (2018)
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WMROFEELD (2019 FF4 B~2020 43 B)
HIARET(EL, RYIVEMREAZSE UTeA A -2 OB oORRFE EEREZEITo> TS, A
TEREEFEAERE (A= ca. 675 nm)&E U TELIC 3 DO R E HFRN (CHAEEE U TELL.
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BFICTDCENTEE.

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

Summary (April, 2019—March, 2020)

Our laboratory worked on the research and development of an in vivo imaging probe utilizing firefly
bioluminescence. We have developed three near infrared luciferins and have released these in the market.
Although these three have the longest luminescent wavenumber among the commercially available luciferin
analogues, a product with a much greater wavenumber (Amax = ca. 740 nm) has been reported in Nat. Commun.
2018, 9, 132, by Promega Corporation. We attempted to develop a near infrared product with a wavenumber
greater than this. We finally developed “GeKiaka,” which was invented in UEC and has the longest luminescent

wavenumber (Amax = ca. 760 nm) among the luciferin analogues, both in the literature and market.

FIRATERE GEX, FFEF/RE) Research achievements

1. Ryohei Saito, Takahiro Kuchimaru, Shoko Higashi, Shijia W. Lu, Masahiro Kiyama, Satoshi Iwano, Rika
Obata, Takashi Hirano, Shinae Kizaka-Kondoh, Shojiro A. Maki*, “Synthesis and luminescence properties of
near-infrared N-heterocyclic luciferin analogues for in vivo optical imaging,” Bulletin of the Chemical Society
of Japan, 2019, 92 (3), 608-618. (IF: 4.43)

2. Yusuke Takahashi, Takuya Uehara, Chihiro Matsuhashi, Minoru Yamaji, Toshiki MUTALI, Isao Yoshikawa,
Hirohiko Houjou, Kota Kitagawa, Tomoyoshi Suenobu, Shojiro Maki, Takashi Hirano, “Spectroscopic
properties of push-pull 2-(4-carboxyphenyl)-6-dimethylaminobenzothiazole derivatives in solution and the
solid state,” Journal of Photochemistry and Photobiology A: Chemistry, 2019, 376, 324-332. (IF: 3.261)

3. Rena Misawa, Chihiro Matsuhashi, Minoru Yamaji, Toshiki Mutai, Isao Yoshikawa, Hirohiko Houjou,
Keiichi Noguchi, Shojiro Maki, Takashi Hirano, “Halogen-substituent effect on the spectroscopic properties
of 2- phenyl- 6- dimethylaminobenzothiazoles,” Tetrahedron Letters, 2019, 60, 1702-1705. (IF: 2.26)

4. 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 Phthahlimide Chromophore,” Chemical Communications
(Chem. Commun.) 2020, 56, 3369-3372. (IF: 6.16)

5. ¥ BIREP [EHRZEEFEIfRICZETIRE & I D/RYIVEMFENERBEF R, EEREFRIMRE
HAR—DUITREAA R (KAEt FX), RERSE 15, (2019)

6. &E &, 1% BRXRE, =k L, [ECOREULYinvivo EMIREEA AT ], EREZF
BIMRAA A— IR R (RKatt F14), RERSE 2 F, (2019)

7. &F &8, 1R B8R, B FE [S4T7YA I RERORSY)LFEGECIATT~FRYE in
vivo EMRIA A —Z> T AkaBLI~ |, £4EORIZE (BEFERR), 557 05 - 535, 244-251
(2019)
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Atsushi NAKAMURA Laboratory  http://kaeru.pc.uec.ac.jp/

Summary (April, 2018 - March, 2019)

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, to investigate this phenomenon, we first examined the conditions under which the
luminescence of the liver increases and decreases. As a result of examining the sex differences, higher
luminescence was found in the male mouse liver. Moreover, when the time of measurement was examined, high

luminescence was detected at night.
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WRDOFEELH (2019 F 4 FJ~2020 £|E 38)

L.

CNETIC, 2 DDOURBUERF (Ipl &1p2) OFRREAEVDRE LR THRLE. Cns
DEBELFDBIRR S >) \Oﬁ (ZFNEMN Cp-Lipl HKU Cp-Lip2) (&, éiéiﬁﬁb\%é(:;@ )
TEVHRIITZRL, GVERJEY>/\JE (OBP) DRDICHEET D EZRELTVND. o
72U, OBP MAEIBFHIMEE (S —ARIC, BASMIRDEEFER RV, KEE(L, 1EUDRER
BHREOBRIEEFZNGE(CX I D Cp-Lipl DMRZRANTZ. FRAIREED Cp-Lipl (0~5 uM)
%, Cp-Lipl (B3EE(CHRMEDOBSWVEVWIESREUIIBE, >/ ULAEIFEEMAFN(CIEMUL
J=. D Cp-Lipl (CEKD1>/ULRIEN(E, BIVWIBEDXIDIRVEEER TCLDIEECRSN
=, CNBSDFERIE, Cp-Lipl #Y, REMEOEVNEEDE WIBRSZHZIEEIEIECK
D, ENEFEICEREEDBEWIBZIRE TEDR a2 <RmELTND.
RPIVLSTTUEER, PHILZRZRON AZEZYDOR385TDE, RIS TTS5—
TEBELEFZEALUTORVDCEMOS I FHEICREAMEE SNDIRKRMNEREREIN TS, 2019
FETIE, CORRICEADDIEROBERZBIEL, FEOIDEUR (REZSTR—bK) TEEL
ERRENZIZMHERHUE.

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

Summary (April, 2019 - March, 2020)

1.

Previously, we have detected the expression of 2 lipocalin genes (Ipl and lp2) in the olfactory epithelium of
the Japanese newt Cynops pyrrhogaster. Recombinant proteins of these genes (Cp-Lip1 and Cp-Lip2,
respectively) exhibited high affinities to various odorants, suggesting that they work like the odorant-binding
proteins (OBPs). However, the physiological functions of OBP generally remain inconclusive. Here, we
examined the effect of Cp-Lip1 on the electrophysiological responses of newt olfactory receptor cells. When
various concentration (0—5 pM) of Cp-Lipl was mixed with the stimulus solution of odorants highly
affinitive to Cp-Lipl, the impulse frequency increased in a concentration-dependent manner. The increase by
Cp-Lipl was seen more evidently at lower concentration ranges of stimulus odorants. These results strongly
suggest that Cp-Lip1 broadens the sensitivity of the olfactory cells toward the lower concentration of
odorants, by which animals can detect very low concentration of odorants.

It has been observed that when the firefly luciferin analogues, AkalLumine and TokeOni were administered to
mice, luminescence was detected in the liver even though the firefly luciferase gene was not introduced. In
2019, we aimed to purify the enzyme involved in this phenomenon and found the conditions under which

luminescence was observed even in the liver homogenate.

FIAFTEE (R, $5F/2E) Research achievements (published papers, patents, etc.)

1.

Nakamura T, Noumi Y, Yamakawa H, Nakamura A, Wen D, Li X, Geng X, Sawada K, Iwasa T.
Enhancement of the Olfactory Response by Lipocalin Cp-Lip1l in Newt Olfactory Receptor Cells. Chem
Senses. 2019 Jul; 40: 523-533 Impact Factor (IF 2.336) 2019 & 7 A
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WROFEELD (20184 B~20194 3 B)

AdZEh & (CAMV MM BZBBER I EE2BNEL, M NOBEDHEZERNNS ESZDIEHD
PET ¥— 11— (CBIU THEBHREZRSAZRAT & OHEIATT(C K DFHl UiaXRER UIE[1]. et
—AHBEATORREE U T, IFEAREOIERTEDRXFER2](CRAL TS Y MimvNOBEDA A —
SUOERERRICERUZR]. EREERYELUT, HRINERARBIFESDFERIE TH D Journal of
Cerebral Blood Flow and Metabolism (C % FU \ZBMIMIRDIRIE S BRI (ICRA T ¥ £ T3] 5
v NRBKICH T DIAERERMENSRICIIMBERDF v ISv 023> 5L TN ERBE
FHEDELAARESHAREL, RREEFERERET> Y —EOHEKRREE U THIXRKRUL4]. <D
(FH, ENEEC 3ROSR ENEL, §SHDOERFERREK (D5 2 HHIIBEFEES.6]) HKU 16
HOERNZER (55 2 4(3BFEE) TORKREH IO,

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

Summary (April, 2018 - March, 2019)

Reconstructing functional neurovascular unit is key to treat and recover brain functions in the stroke patients. To
allow for monitoring repair of brain microvessels, we investigated a cerebral angiognesis marker for PET imaging
as a joint study with the National Institute of Radiological Sciences [1]. In addition, as a result of the internal
collaboration within the center, we contributed to the in vivo microscopic imaging experiments in the studies by
Dr. Hotta and Kano’s laboratory [2]. Also, a review paper on optical imaging and regulation of cerebral blood flow
was published in the Journal of Cerebral Blood Flow and Metabolism, which is an official journal of the
International Society on Cerebral Blood Flow and Metabolism [3]. One of the graduate students, Mr. Sasaki and
co-workers found that gap junctions in the vascular cells are involved in neurovascular coupling in the rat cortex,
and this result was published with a team of Drs. Watanabe and Hotta in the Tokyo Metropolitan Health and
Longevity Medical Center [4]. In this year, my laboratory published three commentary papers in the domestic
journal, and presented 8§ papers in the international conferences (two of which were invited [5,6]) and 16 in the

domestic conferences (two of which were invited).

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

1. Kanno I, Seki C, Takuwa H, Jin ZH, Boturyn D, Dumy P, Furukawa T, Saga T, Ito H, Masamoto K. Positron
emission tomography of cerebral angiogenesis and TSPO expression in a mouse model of chronic hypoxia. J
Cereb Blood Flow Metab. 38(4):687-696. doi: 10.1177/0271678X16689800. [IF: 6.040] 2018 £F 4 B

2. Hotta K, Behnke BJ, Masamoto K, Shimotsu R, Onodera N, Yamaguchi A, Poole DC, Kano Y. Microvascular
permeability of skeletal muscle after eccentric contraction-induced muscle injury: in vivo imaging using two-
photon laser scanning microscopy. J Appl Physiol (1985). 125(2):369-380. doi:
10.1152/japplphysiol.00046.2018. [IF: 3.056] 2018 &£ 8 A

3. Masamoto K, Vazquez A. Optical imaging and modulation of neurovascular responses. J Cereb Blood Flow
Metab. 38(12):2057-2072. doi: 10.1177/0271678X18803372. [IF: 6.040] 2018 £F 12 B

4. Watanabe N, Sasaki S, Masamoto K, Hotta H. Vascular Gap Junctions Contribute to Forepaw Stimulation-
Induced Vasodilation Differentially in the Pial and Penetrating Arteries in Isoflurane-Anesthetized Rats. Front
Mol Neurosci. 11:446. doi: 10.3389/fnmol.2018.00446. [IF: 3.720] 2018 £F 12 A

5. Masamoto K: Quantification of microscopic 3D cell structures in in vivo animal brains. Japan-US Technical
Information Exchange Forum on BLAST INJURY (JUFBI) 2018, (2018.5.9) Keio Plaza hotel in Shinjuku
(Tokyo)

6. Masamoto K: Stability and plasticity of the neurovascular unit. (2018.7.18) Korean Brain Research Institute,
Daegu, Republic of Korea

-11 -



2019 IEX FfIA ARZE http://www.nvu.mi.uec.ac.jp/

WMROFEELD (2019 FF4 B~2020 43 B)

AEE(F 3 DOERTO T I MNCESEYTE 1 1) RAKMICHITIMMEIFEDERFEHN A D
ALERBIT D&, i) RBEHEEHC KD THRINDIMIVEROEIBFZM G2 1IEHE(CSRIE Y
D&, i) HRROEEEN T MCH T DHRMEREEOKEI R S (TELIEBFIDCE. RIODT
O hTlE, EHEBRIRE T (CHITDT U7 EMMNOBEDUET U JICAT D 4D A A
SO BREBRIY IR ZRAWTEREL, =00 UT7HHU SR SNERNDE & BIFOEMMEDIE
FICEBNCRASLTWBCEZREUE. 2B BHOTOZ T MTIE, Matlab R—XDY T I
PEERR L, BEEEEMH P (CRERG U 2 A FIEMIRDOAFIET —45 7 AL\ TIHEMMEDIEEZ
BUVBETIHEUZ. S8SNIERERICDVTIEVWS DL DEBSEZE TRERLUEZR4]. 3 DR, EE
EIRFEFHDEDOHBEMARICELD, AT M ITRFTo OXZAWNTIHIMTZ I3 2 EEEZEME L
e, BonET—4E, HREESDAI\—%FH S Brain 2019 BS54 D —0> 3 v T4]ICH
WTHERL, BROBECEDEATNDS. COFH, ERGEC 2 DOESMYEREL, EESE
T 11 (553 H(3IBFEER2-4]), ERRZET 154 (55 6 HF(IBEFBE) OmXERRLUL.

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

Summary (April, 2019 - March, 2020)

We have focused on three main projects: i) To elucidate the physiological mechanisms of cerebral angiogenesis in
the adult brains, ii) To accurately measure the physiological responses of cerebral microcirculation induced by
cortical neural activity iii) To understand the role of neurovascular coupling on functional plasticity in central
nervous system. For the first project, we conducted 4D imaging of glia and microvascular remodeling during
chronic hypoxia, and found that microglia may actively contribute to the connection of newly-formed
microvessels with the existing capillaries. For the second project, Matlab-base software was created, and capillary
responses were determined using big data of repeated two-photon microscopy during functional activation. The
preliminary results were presented at the international conferences [2-4]. For the third one, optogenetic
manipulation of blood flow via neural and glial activation were established by a collaborative work with research
groups of Keio University School of Medicine. The obtained data were presented at the Brain 2019 satellite
workshop which I served as a member of the organizing committee [4], and now we’re working on writing the
manuscript. In this year, my laboratory published two other commentary papers in the domestic journal, and
presented 11 papers at the international conferences (three of which were invited [2-4]) and 15 domestic

conferences (six of which were invited).

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

1. Unekawa M, Tomita Y, Toriumi H, Osada T, Masamoto K, Kawaguchi H, Izawa Y, Itoh Y, Kanno I, Suzuki N,
Nakahara J. Spatiotemporal dynamics of red blood cells in capillaries in layer I of the cerebral cortex and
changes in arterial diameter during cortical spreading depression and response to hypercapnia in anesthetized
mice. Microcirculation. 26(6):¢12552. [IF: 2.679] 2019 £F 8 H

2. Masamoto K: Cellular imaging of the neurovascular unit. Brain & Brain PET 2019 Symposium Hot
Techniques in Neuroimaging of Cerebrovascular Diseases, Pacifico Yokohama (Kanagawa) 2019 £ 7 A

3. Masamoto K: Optical imaging and modulation of cerebral microcirculation. Brain & Brain PET 2019,
Pacifico Yokohama (Kanagawa) 2019 £ 7 B

4. Masamoto K: Activity-induced changes in cerebral microcirculation. Brain 2019 Satellite Workshop
Advances in Multi-Scale Neuroimaging of Blood Flow and Metabolism in relation to Brain Activity,
Sungkyunkwan University, Suwon (Republic of Korea) 2019 £F 7 A
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2018 =% BB— WHXE  http://www.cns.mi.uec.ac.jp

HRDOFE LD (2018 FF 4 A~2019F 3 A)

2018 FE(IUTORTKRRZEI. 1) MESHESFERERCHSVWTRETD [EHRILA] RRZRR
U, TOEEMZITOIERRERYELTATILE. MR ESRET EESEEFTZzEHFEDE
ESCECDDEEENRARIRICEEZIRS L, TOREZYHTRBEOZMRE LU TEVFHEZ
BTCWVD. 2) BREGERISORKEEIZETA - f#TL, EDKDREGEFHE(CX U CTHRARN A
\TENDONZASMNCUTZ. FRICHITDRHNESTIHEOIIEZIRIEL, SRREREEDOREE
ZEASMNCUZ. 3) JUFMROEESHERE-—1—3I/LRy NDO—OFEFTILTHENIT D &I
KO, JUTHRMEERIREBICHDINEDHZEEBEE CFRIT D L(IC/HINUT. MBS RRE
EDERFZIASMNCUIMRELUTESFHicNZ. 4) MRE(CKDIMAEAARR RO EE) Z 51
U, fEZIEUCYERERORAOKABEBIEZ BT UIc. AR THEEN, BRFECHU
IEEE &K D Young Researcher Award WE5 M c.

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

Summary (April, 2018 - March, 2019)

We obtained the following research results in FY2018. 1) We discovered the “information spreading”
phenomenon and the results were published as an original paper successfully. It has been highly evaluated as a
novel finding and quantification of a possibility of false positiveness that occurs when source localization of
magnetoencephalography signals and its multivariate pattern analysis are combined. 2) We measured and analyzed
eye movements during natural image observation, and clarified what image features attract the human gaze. We
proposed the concept of temporal priority in gaze and clarified its relationship with higher-order visual features. 3)
By analyzing morphological features of glial cells using a deep neural network model, we succeeded in predicting
whether the glial cells are in a hypoxic state with high accuracy. The results were highly evaluated as a
clarification of the relationship between cellular morphology and pathological conditions. 4) We measured the
brain activity for tactile recognition of object shapes and analyzed transition processes of representation of object
information received by tactile sensation. The student received the IEEE Young Researcher Award for the

presentation of the results.

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

1.  Masashi Sato, Okito Yamashita, Masa-aki Sato, Yoichi Miyawaki, “Information spreading by a combination
of MEG source estimation and multivariate pattern classification,” PLoS ONE 13(6): e0198806 (2018).

2. Kazuaki Akamatsu, Yoichi Miyawaki, “Temporal priority of gaze during natural scene viewing,” Vision
Sciences Society 2018, St. Pete Beach, Florida, USA, May 18-23, 2018.

3. REEEKR, EBE SHi5—, “SEYMAROAN BRZAREEHEES (CH 1T DIMAIEIRRIREMIOER,” —
1—0O3>E1—F+ MRS, BRIBEKRTE, 20194 3 H4-6H. [IEEE Young Researcher
Award ¥E]

4. BEFR, BAFEE, SME, B2fE—, RKBEHMAHF_—1—ITILRY NI —TZRANTERL
JERIREHRIFEINDHRIRDFS, BARREFR 2019 FLXFAR, #H/IKXKFE, 2019 4F 1 A 29-31
H.

5. TAEFEE, HPEN, ;Y AERE, EAXFA, ERE—, “Deep Convolutional Neural
Network Z FAVVEARBERIBIS T (CHIFTD 77X bOY A MEEDRIEZLOfEMT,” 55 2 2 [OfgZRS
AFIORARE, BXUBEARF, 2018F 9 H 22 2.

6. TMAME, AEFEE, BHkE—, ‘BANREGRERRIEOTIHRZHE I dEREGFFHEOERED
3R, BAREFR 2018 FEFAR, DL EMXERIFERRREZ> S —, 2018 FE 8 A 1-3
H.
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2019 Ei# B— WRZE http://www.cns.mi.uec.ac.jp

RRDEESH (2019 £FF 4 H~2020 &£ 3 A)

2019 FEFUTOMERREESZ. 1) XIKERZHEL, BIFHE0H 77 Gl U ZmSRe/RESR)
vFZAWEIBETE, FREENFHECEENICEITSN3CEEZRRE U, CORREICKD,
RERFE(SHX DI CERBIERD DEMFSZEICHUVT Student Travel Awards ZRE LTz, 2) RS
KICHITDINE, 178, MEEIDESERAB I DIMRICEFL, ILREBAREEROINE ETEZAR
H(CFHE I DRI EZMHILZ. 3) EHRILBERRZHH I DIz Dz ES FEEFEE LT
BEE RN —REFTYUIICEFL, >Z21L—33>0LTIIRIEN(CERILE T RO BB E
(CRkINUTZ.

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

Summary (April, 2019 - March, 2020)

We obtained the following research results in FY2018. 1) We discovered that the human gaze is preferentially
directed to higher-order image features even if abstract image patches are used without contextual information.
For this achievement, the presenting student received Student Travel Awards from the most prestigious
international conference in the field. 2) We have started investigating changes in perception, behavior, and brain
activity for an augmented body, and established an experimental methodology to systematically evaluate
perception and behavior after adapting to the augmented body. 3) We have started structured sparse modeling as a
source estimation method for magnetoencephalography signals to suppress information spreading phenomenon,

and succeeded in reducing information spreading efficiently in a numerical simulation.

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

1.  Rina Watanabe, Tomohiro Nishino, Kazuaki Akamatsu, Yoichi Miyawaki, “Gaze attraction toward higher-
order image features generated by deep,” Vision Sciences Society 2019, St. Pete Beach, Florida, USA, May
17-22,2019.  [VSS2019 Students Travel Awards 3Z&]

2. MEREBY¥, #HARMIK, Gowrishankar Ganesh, Bl —, “ILEEAIMIIC I 2B EBAHPIBERD
ITEMERZRAVVCEHME, V5 11 RZRREMRRS, IBATF, =REE, 20194 12 A 14-15 H.

3. BERibE—, EERE, HEISESRHETECS T DBRILEERSR, » &¥d EEG/MEG TR EERIR
HEEDIRTEM, ATR, JREPFF, 2019 £F 11 A 26-27 BH.

4. BI5EHE, FMFE, BEE, BHE—, HESESFEREENOBEL /I —IEFT U DI DiE
A& XUSH,” &30 EEG/MEG 5t & ERIEHEADIRIEM, ATR, REBAF, 2019 & 11 A 26-
27 H.

5. AgER, RIS, BHE—, “BMESERITICH I IEELR/\—EFT U 2D DERSB KU
fii,” 55 22 EIEHRBIVFEBIER T —2I>3 v (IBIS2019), D1 >UHW5, BHIE, 2019 £ 11
H 20-23 H.

6. AtEBER, RIS, BHBE—, “EBSt2)\—XEST U > D% B TZhSE S IRHETE D,
23 EE MY X—2JmRS, EIIKE, 2019%F9 A 6-7 8.

7. MBREBY, #ARIZK, Gowrishankar Ganesh, S —, “MLREAEMIIC I DB CEAFIERIE
SDITEIEERAYEEA, "Motor Control TAFTS, RRAFNRAEREE, 2019 F 8 A 23-25 H.

-14 -



2018 % & THX= http://daemon.inf.uec.ac.jp/

WROFEELD (20184 B~20194 3 B)

2018 FEI(FIRD_DDFT—IDIRATEITDIZ. 1) FEEHAHBZLIE(CNN)ET )L EVIHIRREF (C
FHFENDBRFIRDLEE ZITO/E. COREER, CNN (CHBITDBENREHORELZE, 1<y T EMFE
NDFEMEERE(CE U THIEDIEFEEF ORRZERETDICEM - TSR, N, s
FROT Y 1w M, EECHEULEIY A zmE I3 1-y MEEESNTULS(ZE
SHNBELWC EZBKRL, REFHS LABSOEGECHETDENDEEZITND. 2)ERESR
HERREA M E U T, RIN—REFT VIR —R E UEHEBRFEEORFERITOIE. COEET
[FBERT IR F v ZiIRDTDHEE U CEBFRETEZ ALV, COBRELUT, FE8E09h 58
MREDZIEIRT D ENTIEEICIRD, RROREESRBERIgE TH D ENNMh> TElz. £e—Ep
DA IMREE(CH VTS, BRI ENTFEET, FHrSORENRETHDZEEDH
DCEE.

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

Summary (April 2018 - March 2019)

In FY2018, we focused on two research themes. 1) We compared information representations between a deep
convolutional neural network (CNN) and the primary visual cortex. As a result, we found that the optimization
of the objective function in CNN requires an expression with a specific order ability for the feature extraction
mechanism called the feature maps. For example, when there exists an edge detector that has a preferred direction,
it is desired that the neighbor units have similar preferred directions. We consider this ordering corresponds to the
continuity of the column structure in the visual cortex. 2) We developed a feature selection method based on
sparse modeling for medical image recognition issues. In this problem, image statistics were used as features to
handle image textures. As a result, we succeeded in selecting useful features for several diseases, which can
explain the pathology of the disease. Moreover, we found some hard to classify criteria has no striking features.

From these results, we should search for another feature representation for these diseases.

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

1. Aiga Suzuki, Hidenori Sakanashi, Shoji Kido, Hayaru Shouno, Feature Representation Analysis of Deep
Convolutional Neural Network using Two-stage Feature Transfer—An Application for Diffuse Lung Disease
Classification, [B¥RUIEF S ESEEEET /UL LIS (TOM) |, Vol.11, No. 3, pp.74 — 83 (2018)

2. Alejandra Sanchez, Mariko Nakano, Henrik Tunnermann, Toya Teramoto, Hayaru Shouno, Mosquito Larva
Classification based on a Convolution Neural Network, Int’l Conference on Parallel Distributed Processing
Techniques and Applications (PDPTA) 2018, Vol.1, pp.320-325, Jul. (2018)

3. Foo WA, EEF ®, VGG ETILOREFNEIRICS 1T DHTDRET, EFIERBEFR"1—
O3> Ea1—5+ >3RS, NC2018-88, pp.239-244, Mar.(2019)

4. F MBia, ¥ &, SVCCA ZRVZELDT —Fty MTI#RESHT/Z DCNN OfFMIERIE, &
FIERBEFR-1—00>Ed1—F+ >JMA5RE, NC2018-40, pp.11-16, Jan.(2019), [IEEE
Young Researcher Award ZE]

5. UFAMRREZICHITDEEBNFEEIR TO—F, &k B8z, kB B, KF #&, £
gy i, [EHRIRFSEIRTES) UL ERIBARRIATTS MPS118-33, pp.1-6, Jun.(2018)  [MPS tH3T=
RZRTLEFT—2 3> EFE]
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2019 %7 & THX=E http://daemon.inf.uec.ac.jp/

ARDFE L (2019 F 4 A~202045 3 A)

2019 FE (FELHER EIFENDIFHBIRFEZH(CHATRZITO/Z. 2018 FEDHATRICHSLTIERILO
JFI—FEFTHILOMCMOEICEDVWESEBERFEZEA LN, COFEFEBANMMNDS
XNTHDEH, KDERTHRODRWFEDHE I ZBEUTC. 4 (E LASSO (Least Shrinkage and
Selection Operator) EMEENDFEZEALF - 77> H> T)EUTZ Bolasso (Bootstrapping LASSO) & FF(K
NBFECEBL, INZUFEAMMEBRESERORFEEIRTFECEA UZ. LASSO [FETENER
THdRMHE, FEERZBR (CRETD I X IEEN D DRAZENEH ULV, Bolasso ZAVNDZET,
2018 FEDFFEIEIRFE L T DEIRBRZEDZE(CHIIL TS,

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

Summary (April 2018 - March 2019)

In FY2019, we conducted research based on a feature selection method called variable selection. In the
previous work in FY2018, we introduced a feature selection method based on the Markov Chain Monte
Carlo (MCMC) method, but since this method requires a lot of computational resources, we aimed to
establish a simpler and more efficient way. We focused on a technique called LASSO (Least Shrinkage and
Selection Operator) in a parallel ensemble. This method is called Bolasso (Bootstrapping LASSO). We
introduced the Bolasso into the feature selection method of diffuse lung disease image identification. As a
result of the previous work of FY2018, we found the LASSO is fast but tends to overestimate the feature. In
contrast, by use of the Bolasso in feature selection, we found it gives the same result of feature selection by
use of MCMC.

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

1. =k HER | okH B, AF B5A , EEF %, Bolasso ZHL VeU'FAMAIEBBUROAFEHEIR, (BRI
IBPESGEEEET I UEEITR (TOM) ,12(3), 68-77 (2019)

2. BUY B, EEF R, TV IERWLEEFEFBERALZ OS-EME(CHITD PET BiKEBER, BAEREIR
TEREE, 37(5), 217-229 (2019) https://doi.org/10.11409/mit.37.217

3. B &K, EE 8, N1 XWEEERCED K DHANRT NUARE, [ERUIEF AR SGEEEEETIL
{E&ISA (TOM) ,12(2),34-43 (2019)

4. Hideo Terada, Hayaru Shouno, B-DCGAN: Evaluation of Binarized DCGAN for FPGA, In Proc. International
Conference on Neural Information Processing (ICONIP2019), Lecture Notes in Computer Science 11953, pp.55-64,
(2019)

5. Takahiro Kawashima, Hayaru Shouno, Fast Bayesian Restoration of Poisson Corruputed Images with INLA, Int’]
Conference on Parallel Distributed Processing Techniques and Applications(PDPTA) 2019, Vol.1 pp.109-114,(2019)
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2018 #@ {5 MAXZE http://www.matsuda-lab.es.uec.ac.jp/

WROFEELD (201854 B~20194 3 B)

FhlE, AMPA RBHRDI> RO+ b= XX E5E - FEEOREGZBEIEN(CARAT S EZEN &
UT, I>RYA =R EHICKD THIHT IR EIT O TS, ST TXABMD 1 DTH
SDRAIE (LTD) (X AMPA ZBARDISAVUAKFHUHT > FOA =2 XKD TEIEFERIEND
CERTBNTWND. 2018 FEEFETIC, FAFTS RY—ACHMKEFERDOTO SR TERIBEH,

HCRK D TZDHREZEHIEHI T D ET LTD DFFEZBEIT DI EICHKINL, FleZDRbizEALT/)
X LTD Z X (C K> THEULEES, EFNFZBICRENELBCEZRIBRBE TR, CNSDHER
% neuron SHICRRUME. =5ICLTP OFE(CHABEDERENERIEITUYVY — ACKEFEETO MR
TRFEREIETDZEICHERIILTULS.

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

Summary (April, 2018 - March, 2019)

Although it is well established that the LTD is induced by the clathrin mediated endocytosis of AMPA receptors, it
was unknown how clathrin can be recruited to the postsynaptica site by neuronal activities. We have developed the
new technique to control the induction of LTD by light stimulation in order to directly examine the relationship
between synaptic plasticity and learning. We have also generated knock in mouse, whose cerebellar LTD can be
blocked by light stimulation. By using this mouse, we have examined whether the motor learning such as OKR
could be affected by the light stimulation to the cerebellum. The results indicated that the light stimulation
significantly reduced the motor learning efficiency of the knock in mouse, although these mice can normally learn
the OKR in the absence of light stimulations. These results indicated that the cerebellar LTD plays critical roles
for certain kinds of motor learning. We have published these results in Neuron. We also generated the light driven

proton pump which can targeted to lysosome which play essential roles for LTP induction.

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

1. Kakegawa W, Katoh A, Narumi S, Miura E, Motohashi J, Takahashi A, Kohda K, Fukazawa Y, Yuzaki M,
Matsuda S. Optogenetic Control of Synaptic AMPA Receptor Endocytosis Reveals Roles of LTD in Motor
Learning.. Neuron. 2018 Vol 99(5) 985-998. Impact Factor (IF 14.043) 2018 &£ 9 B

2. Xie MJ, Ishikawa Y, Yagi H, Iguchi T, Oka Y1, Kuroda K, Iwata K, Kiyonari H, Matsuda S, Matsuzaki H,
Yuzaki M, Fukazawa Y, Sato M1. PIP3-Phldb2 is crucial for LTP regulating synaptic NMDA and AMPA
receptor density and PSD95 turnover. Scientific Reports. 2018 Vol 9(1) e4305. Impact Factor (IF 4.011)
20193 A

3. Matsuda S, Kakegawa W, Yuzaki M. PhotonSABER: new tool shedding light on endocytosis and learning
mechanisms in vivo. Commun Integr Biol. 2019 Vol 12(1) 34-37. Impact Factor (IF unregistered journal)

2019 &3 H
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2019 #@ {5 MAFXE http://www.matsuda-lab.es.uec.ac.jp/

WROFEELD (2019 FF 4 B~2020 £ 3 B)

FhlE, 2018 FEE(C AMPA RBADI Y R+ b= X ERIE - FBEEEBENICHHTICEZE, T
RO+ b= ZHN(CKD>THETDIRMMZAVWTHSMNC U, E5(C LTP DFFE(CHEDISE|Z
RIZTUYY—AICKERENETO MR T 2RI BRI E(CEBHRIILTNS. 2019 FEICEZD
ORIz BEMR i CRIREE, REAE® (LTP) FERD AMPA SEADIFYVH 1 K
—S REMMENCHEHTEINENZFETUIZ. TOREER, HZBE U TUVRVVREET(E LTP FE
R U CIER (CHIRRRME D AMPA SBRERDEMER LU IF VYA h—2AN5|S_RIEINTULD
CERBESHNIRE. —ANEBE UE4 T LTP FBERIBUKFIIL AMPA SEAROI VYA ~
—SZNPAESNTNDCEMNESHERDTZ. RECHOTO MRS TR BIHAATSELGFHREN
DR ZERRFTHD.

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

Summary (April, 2019 - March, 2020)

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. Our results indicated that the lysosomal exocytosis is required for the LTP
induction in hippocampal neurons. In 2019, we expressed lysosomal proton pump in cultured hippocampal
neurons and examined whether the light stimulation can regulate the LTP induction. In the dark environment, LTP
inducing stimulation enhances the amount of cell surface AMPA receptor. On the other hand, in the light
environment, identical LTP inducing stimulation did not change the amount of cell surface AMPA receptors. We
also confirmed that the lysosomal exocytosis is inhibited by the light stimulation. Now we have started to generate
lysosomal light driven proton pump knock in mice to directly examine the relationship between LTP and brain

function in vivo.

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

1. #I, VHBER, MBREN. N\INES (CHITDRENE LTD) D1&E| Clinical Neuroscience.

2019 Vol 37 919-925. Impact Factor (IF unregistered journal) 2019 £ 8 B
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2019 Tk Bl— WWRZE  https://www.sports.lab.uec.ac.jp/

WROFEELD (2019 FF4 B~2020 £ 3 B)

—IBMEDEEN E RDRIN/ T A —X >R ZELEEEBR S EFELISNTNSDN, REEEICKD
AT A =X > AN ME_ETBOMNTDVNTIIBASHTIRD TLVRLY., BT 2019 FIC(E, BIEFHD
UGB (CHE DS EIBNZEN RN/ T A —X > X 2B LS ER3BERTHINZHSNCITBDZHIC, &%
ANDBERRIBN R/ T A - AZE LESEINEDINEIREE LT, EERSHIIE (L 20 SEOER
RISz (IPEEERI DRI (CRAEREZIT D o, KEREME, BRRIESEM, 0a%8 (HR) Z—E<E
UlzhEEEEN M (HR —55%4), £EHNEHERE (RPE) Z—HIUHEEEZM4 (RPE —E%
%) O3RMHEELUE. TORR, BRAMEMFE HR —BEM4EHE U T, RPE —BEMICHNTEK
DARSRBH/TA - RADE LD HFSNIE. TOERMNS, BI8EHOUNHE(CHED EIBN (LI
TIERE/N T A =X > A E R (CELEURWC ERBES N ERD .

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

Summary (April, 2019 - March, 2020)

It has been suggested that acute exercise improves cognitive performance. However, physiological mechanisms
underlying cognitive improvement remain to be elucidated. Electrical muscle stimulation (EMS) can induce
muscle contraction without central command and motor intention. Therefore, in 2019 we examined the effects of
muscle contraction induced by EMS on cognitive performance, and clarified whether physiological changes
induced by muscle contraction contribute to cognitive improvement. The participants performed cognitive tasks
before and after 20 min EMS or voluntary exercise. They conducted three types of exercise conditions; EMS
condition, heart rate (HR)-matched voluntary exercise, and ratings of perceived exertion (RPE)-matched voluntary
exercise conditions. We observed that RPE-matched exercise improved cognitive performance to a greater extent
as compared with EMS and HR-matched exercise. The present results suggest that physiological changes induced

by muscle contraction alone do not improve cognitive performance sufficiently.

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

1. Komiyama T, Tanoue Y, Sudo M, Costello JT, Uehara Y, Higaki Y, Ando S. Cognitive Impairment during
High-Intensity Exercise: Influence of Cerebral Blood Flow. Med Sci Sports Exerc. 2020 Mar;52(3):561-568.
(IF 4.478) 2020 £ 3 A

2. Ando S, Komiyama T, Sudo M, Higaki Y, Ishida K, Costello JT, Katayama K. The interactive effects of acute
exercise and hypoxia on cognitive performance: A narrative review. Scand J Med Sci Sports. 2020
Mar;30(3):384-398. (IF 3.631) 2020 £ 3 A

3. Sudo M, Ando S. Effects of Acute Stretching on Cognitive Function and Mood States of Physically Inactive
Young Adults. Percept Mot Skills. 2020 Feb;127(1):142-153. (IF 1.049) 2020 £ 2 A

4. Ogoh S, Hashimoto T, Ando S. Does Exercise Improve False Episodic Memory in Dementia? J Clin Med.
2019 Nov 1;8(11):1829. (IF 5.688) 2019 £F 11 B

5. Tomigay, Ito A, Sudo M, Ando S, Eshima H, Sakai K, Nakashima S, Uehara Y, Tanaka H, Soejima H, Higaki
Y. One week, but not 12 hours, of cast immobilization alters promotor DNA methylation patterns in the nNOS
gene in mouse skeletal muscle. J Physiol. 2019 Nov;597(21):5145-5159. (IF 4.950) 2019 &F 11 B

6. Akagi R, Tonotsuka M, Horie R, Hirata K, Ando S. Effect of acute eye fatigue on cognition for young
females: a pilot study. Peer]. 2019 Oct 29;7:¢7978. (IF 2.353) 2019 & 10 A

7.  Williams TB, Corbett J, McMorris T, Young JS, Dicks M, Ando S, Thelwell RC, Tipton MJ, Costello JT.
Cognitive performance is associated with cerebral oxygenation and peripheral oxygen saturation, but not
plasma catecholamines, during graded normobaric hypoxia. Exp Physiol. 2019 Sep;104(9):1384-1397. (IF
2.624)2019 &£ 9 B
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WROFEELD (2018 4 B~20194 3 B)
2018 FEE T, FIEBEROHBERTE U TAREBICHD I DIRBIOMIN —ES IS C DU T =
To7c. HWiR—EXZIE CEERGEIZz6DEEMIEZETIVEL, REBICHBIT3 A Rai%E
RTIDEEBIC, BEMBOREIMEERESTDEEXISNTVIEEEREIOREMF(C DT
BFEMTZITV, COREROEEZITOZ. £z, PEERBZEMPICEZMI DIcHDETHAIREE = T
b,@%ﬁ&Uﬁ%iﬁ[&D,%@ﬁ%ﬁ%ﬁbF B(C, REDEERAS X T LADOHRZIT

, FRIBDIEEFEFIOEEZIT oL, TBAHBBEMHIEROIRENFH KURBICIRRDEET BT

, IS T ADMERERTE UL,

Takuji KOIKE Laboratory

Summary (April, 2018 - March, 2019)

In 2018, we analyzed the mechano-electrical transduction mechanism of vibration in the inner ear as a numerical
analysis of the auditory periphery. The hair cells, which play an important role in the mechanical-electrical
transduction mechanism, are modeled, and ion flow in the inner ear was analyzed. The generation mechanism of
otoacoustic emissions, which is thought to originate from the activity of hair cells, was also analyzed, and the
source was estimated. In addition, we developed a measuring device for intraoperative diagnosis of middle ear
disease, and showed its usefulness through animal and cadaver experiments. Furthermore, we developed a hearing
test system for fetus and estimated the period of hearing development in the fetus. The transducer and drive circuit
of the implantable bone conduction hearing aid were also designed, and the spec of the hearing aid system was
determined.

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

1. Sinyoung Lee and Takuji Koike, Simulation of mechano-electrical transduction in the cochlea considering
basilar membrane vibration and the ionic current of the inner hair cells, AIP Conference Proceedings 1965(1),
doi.org/10.1063/1.5038458 (2018)

2. Takuji Koike, and Sinyoung Lee, Relationship between the levels of DP components and non-active portions
of the basilar membrane: Simulation using human cochlear finite-element model, AIP Conference
Proceedings 1965(1), doi.org/10.1063/1.5038534 (2018)

3. Takuji Koike, Yuuka Irie, Ryo Ebine, Takaaki Fujishiro, Sho Kanzaki, Chee Sze Keat, Takenobu Higo, Kenji
Ohoyama, Masaaki Hayashi, Hajime Ikegami, Development of Intra-operative Assessment System for
Ossicular Mobility and Middle Ear Transfer Function, Hearing Research, 378, 139-148 (2019)
doi.org/10.1016/j.heares.2018.11.007 (IF=2.82)

4. NNHEZ, F ER, O2E1—-F2 21— 32 (CXBMHREIDERE - BERECSITS
ERDEFTEMETO/EMT —, Audiology Japan, vol. 6, No. 1-6, (2018)

5. HEEES : 4558 2019-029407 FEBADGIS : IRENC K DERBFRMEMZINDTE FIAE ! %
FEE, /VET, b 13% AN | EXAFIBFIAAGMIAR - Bimtis, EXKFEANE
WBEARTE, FARMIIRINSIE, BME, EZXFHEA iﬁﬁk—?—, #wR/INE, FER,

JT
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WROFEELD (2019 FF4 B~2020 £ 3 B)

2019 FEET(E, TEIRMZOIBERTET)LOREZITL, BELE/NBOIRBS#EZITo/Z. B
HRB(C KD R L DIFEEBASMNCL, 270N ILDRERIToE. COEB()ICKD, 25
EIHAERIFZREHE (BERIPFY) £#FE L. e, TERBZMTNCEZIT BIcohDETHRIEEED
WEZITV, BHEBE/NEAHMEOB (BN CEEFEN(TRUE. BICCODFHAS AT A
Db ZEIToO . BIC, BIEODREREBS AT AICLDESNET —FE#FZITVY, EIRE 2~3 H
BORROER(CGFFRINDUIRMOR L& FMIICHTL, BRIBORERBRMICEUERETD
FECDWTREZITOIZ.

Takuji KOIKE Laboratory

Summary (April, 2019 - March, 2020)

In 2019, we improved the numerical analysis model of the middle ear and analyzed the vibration of the eardrum
and ossicles. The characteristics of changes in mobility of the ossicles due to middle ear disease were clarified,
and a diagnostic protocol was proposed. This work (1) got the 25th Japan Otological Society Incentive Award
(clinical category). In addition, we improved the measuring device for intraoperative diagnosis of middle ear
disease, and quantitatively showed that there is a correlation between hearing level and ossicular mobility. We
patented this measurement system. In addition, we analyze the data obtained by the fetal hearing test system. The
changes in the heart rate induced by the sound waves of the fetus 2-3 months after pregnancy were analyzed in
detail, and suitable period for the fetal hearing test and its method were proposed.

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

1. = E%, g S, /Jvth 52, BEFEFICEDVWCE/IEREEEMHITEEDIRET, Otology
Japan, 29-2, 154-161 (2019) (25 BIHARBERNZREME<RRREIFI>ZE

2. 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, in press (2020)

3. YFIFEIRES - KFEFE 6596141 (2019/10/04) EEALFEES : 4558 2018-142976 (2018/07/30)
PHIEE WRESES : 15FE2018-216058 (2018/11/16) PCT LR HFEES :
PCT/IP2018/042525 (2018/11/16)  #4TE : KE, BE, BN  BITFEE : 3EE FEBAD
2 PEGCEFEHES XA, PEGEFEHESE, SLUSHATO-T FIAE /vt

22, NI &€, Mg &, & R E% XE M ER GHRRA EXAFEEAEREE
RF, F—ERKART, FREABEERR, ARSHXAND/ KNSR TA—X, KA&tU—F
A
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WROFEELD (20184 B~20194 3 B)

LARZETI(E, HAR—TEMORFEZEIEL T, Bz \DICHEERZBIEUEERDEAZ1To
TETCVD. ECTOFEL, EFOHAEED, HIEIEE, INRIREDFETHE EFRAENOBEAEER,
HBLY, ESHBEEZRAVCEHRERY/ \EUFT— 3 > ADIGARE, ZIE(ChizdXh Oz
ZORY RTEZROFEAMICEDBRIND. 2018 FE(L, BT O— I =AU EIHEEFOIE
DR EEMESERVWVEFBEF N EREFORREICKIIL, MXDARICEDIZ. TNSOHR
TR (E, EVRBEERATRTY—DRHNZEETHHTONIZEDTHD. Fiz, BiET IiEIDHREE
ERB(ICERRIIL, cnNsomiBREAZEIEL T, BRUBERFEXDIRMBEREZNEMIEL, X>F
v -2t CRDEBBERECEFUEL.

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

Summary (April, 2018 - March, 2019)

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 2018, the scientific papers are published as summary of the research results as followings;
the super elastic rubber has been applied for producing outer glove for the EMG(electromyography) prosthetic
hand, the development of mechanics and controller for the pursual prosthetic hand and small hand for congenital
defect, these activities are obtained under the collaboration with the national center for child health and
development. The intellectual properties of those research activities are translated for the venture companies based
on the contract of technological transfer with the University of Electr-Communitions, and started to set up the

production systems.

FMMEEF CRERUIZAX

1. Yoshiko Yabuki, Kazumasa Tanahashi, Yasuhiro Mouri, Yuta Murai, Shunta Togo, Ryu Kato, Yinlai Jiang,
Hiroshi Yokoi, "Development of new cosmetic gloves for myoelectric prosthetic hand using superelastic
rubber," Robotics and Autonomous Systems, Vol.111, pp.31-43, 2019. doi: 10.1016/j.robot.2018.09.004

2. Yutaro Hiyoshi, Yuta Murai, Yoshiko Yabuki, Kenichi Takahana, Soichiro Morishita, Yinlai Jiang, Shunta
Togo, Shinichiro Takayama, Hiroshi Yokoi, "Development of a parent wireless assistive interface for
myoelectric prosthetic hands for children," Frontiers in Neurorobotics, Vol.12, No.48, 2018. doi:
10.3389/fnbot.2018.00048

3. B BEfT, = IR, B &KX, E EE, EHIERE - ABRICRCHITIRELFDIZDHDIHE
= T FABIEE BRI, BADRY I\%;%;?ﬁ Vol.37, No.2, pp.168-178, 2019.

YR

. R5 IR, B ER, BRRIEEE, N2 IOKE, BXUBRRIEUIE, SRXTLA2X
\J)bx/uffﬂi‘tA?i EMKRFENBRUBERT, FFFE 64292555, 2018511 A9 H.

2. tEH A, AR EE, EEARFHETHIAUCREEMEE, EIIAEEABRBEKRT, 15T
25 6371064 5, 2018 4 7 A 20 H.

3. 1ERR 1BAE, K SERT, MM UESE, NOER BE, AT ESh, AT BB, BRI AT LKRU
TS A5 L, ETASE B BESUBEKRT, $F5F5E 6351250 5. 2018FE 6 A 15 H
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LIARETI(E, Y R—IRIMOMFEZBEIR U T, Bl \DICHEREMZBEUCEDEHZITD

TETCVD. TEITOFREL, RFOHIEEE, HIHEE, MR EDRETHR EFAENDERAZEER,

HIY, ESHIBEEZRAVWCESRY/\EVUFT—2 a3 > ADICAREICKDBRHRENS. 2019

FEX, DAV —E5E#ARICRDIZLEHEEFOMIBEIOMFECKIIL, MYXDAKCEDE.

CNSDOAFTMEL, FPERIZFEBREIFTHEAMAAZIAT  (Shenzhen Institute of Advanced

Technology SIAT) DB HZESE THTONIZEDTHD. Fic, BET DHIADRE EBUSEIRGEY(CIT
\, INsomizEMZBIREUCERDHBEAZITD TULD.

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

Summary (April, 2019 - March, 2020)

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 2019, the scientific papers are published as summary of the research results as followings;
the smart robotic hand design and development using wire tendon driven control system, these activities are
obtained under the collaboration with the SIAT (Shenzhen Institute of Advanced Technology). The intellectual
properties of those research activities are continued to translated for the venture companies based on the contract
of technological transfer with the University of Electr-Communitions, and has been increasing productions and

approaching for the market.

FMMESEF (CRERUITHX

1. Xiaobei Jing, Xu Yong, Yinlai Jiang, Guanglin Li, Hiroshi Yokoi, "Anthropomorphic Prosthetic Hand with
Combination of Light Weight and Diversiform Motions", Applied Sciences, 2019, 9(20), 4203, 2019.

2. Xu Yong, Xiaobei Jing, Xinyu Wu, Yinlai Jiang, Hiroshi Yokoi, "Design and Implementation of Arch
Function for Adaptive Multi-Finger Prosthetic Hand," Sensors, 2019, 19(16), 3539, 2019.

3. Yusuke Yamanoi, Yosuke Ogiri, Ryu Kato, "EMG-based Posture Classification Using a Convolutional
Neural Network for a Myoelectric Hand," Biomedical Signal Processing and Control, 2020, vol.55, 2020.

4. NH X, KR FF, AR EE, &K E2, 80 E—86, =M #X, ik gE, & KK,
wH EE, EREFEZIHATEIFMBRF AT LOME —SErFEDRESAFE -7,
NAARNZZLEEEE, 2019, Vold3, No2, pp.124-133, 2019.

YT

1. HEH ESE , = BRE, % B, RIR FTF , B &K, & REK, DA VERERE, EVAFEE
ABRUBEKRZE, ##J?E 2019-208742, 2019/11/19

2. HEA AR, R EF, BB RK, & Bk, S —FF, WWEFH 67T, 3 DB Wrist BRI
1B, ETATEABRBEAS, MRy F v, 156 2019-164917, 2019/9/10

3. 1A AR, % ﬁESE B 2K, AH IR, BIX E, A EE, BT UKRUEIRE,
TAFEANE BEKXE, 45FE2019-105592. 2019/06/05
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MRDFE LD (2018 FF 4 A~2019 £ 3 A)

2018 FEE T invivo INAAA A= I RSWNCEERI T F U IEFRETILZRANT, UTOMRE
wBIZ. 1. BUIEIFOEREIRIRE L N UIHIBAS J ) URE S IBEEE N R D IO DEREIEC
BITBDIHEZANC. TR, BEREDEL NI ribosomal protein S6 D > EE{EZEFEI LT, FHAE
ARISZEIE#R T D EMNBESHCETNEZ. 2. INEEEMNZ 4 KRBT CiHMicEd 2 A FL
——EBRIEMIEZT AT, BEHMIVEBIROEEME R UM T D in vivo 1 XA— Ot RIF U
1z, invivo A A= 20 EHEREN D EBFEDE D EICKD T, HIEEROMNDIESEEMED
BRI O D 7 1 )LAERBA =, AHHEAE VEGF RIRNEBM L5 D EHVRSNIE. 3. 40°C DEY
AL REBERSZM TRP Fv )L (TRPV1) OYUELICKD> T, FHRERDDILE DL A
BRI D7, EEIEARIEIE TRPVI DR B E(C KD TRPVI FrRI)LDIIHZE L Z &=
BALTZ.

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

Summary (April, 2018 - March, 2019)

In 2018 year, we obtained the following findings using in vivo bioimaging and oxygen quenching models.1. We
investigated the effects of low microvascular O» partial pressures during contractions on muscle hypertrophic
signaling and key elements in the muscle adaptation for increasing exercise capacity. The reduced microvascular
02 enhanced ribosomal protein S6 phosphorylation and potentiated the hypertrophic response. 2.This investigation
employed a novel in vivo imaging technique for skeletal muscle microcirculation using two-photon laser scanning
microscopy that enabled microvascular permeability to be assessed by four-dimensional image analysis. By
combining in vivo imaging and histological analysis, we found the temporal profile of microvascular
hyperpermeability to be related to that of eccentric contraction-induced skeletal muscle injury and pronounced
novel myocyte VEGF expression. 3.Heat stress at 40°C drives a myoplasmic [Ca?*]i accumulation in concert with
transient receptor potential vanilloid 1 (TRPV1) phosphorylation. However, muscle contraction caused TRPV1
channel deactivation by dephosphorylation of TRPV1. TRPV1 inactivation via isometric contraction(s) permits

maintenance of [Ca?*]i homeostasis even under high imposed muscle temperature.

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

1. Nakajima T, Koide S, Yasuda T, Hasegawa T, Yamasoba T, Obi S, Toyoda S, Nakamura F, Inoue T, Poole
DC, Kano Y. Muscle hypertrophy following blood flow-restricted, low-force isometric electrical stimulation
in rat tibialis anterior: role for muscle hypoxia. J Appl Physiol. 2018 Jul 1;125(1):134-145. (IF 3.256) 2018
F7H

2. Eshima H, Poole DC, Kano Y. Mitochondrial calcium regulation during and following contractions in
skeletal muscle. J Physical Fitness and Sports Med. 2018 Jul 25;7(4):205-211. (IF unregistered journal) 2018
F7H

3. Hotta K, Behnke BJ, Masamoto K, Shimotsu R, Onodera N, Yamaguchi A, Poole DC, Kano Y.
Microvascular permeability of skeletal muscle after eccentric contraction-induced muscle injury: in vivo
imaging using two-photon laser scanning microscopy. J Appl Physiol. 2018 Aug 1;125(2):369-380. (IF
3.256) 2018 £ 8 B

4. Tkegami R, Eshima H, Mashio T, Ishiguro T, Hoshino D, Poole DC, Kano Y. Accumulation of intramyocyte
TRPV1-mediated calcium during heat stress is inhibited by concomitant muscle contractions. J Appl Physiol.
2019 Mar 1;126(3):691-698. (IF 3.256) 2019 &£ 3 A
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2019 FE T, invivo DIV TLA A= IFEZRWNT, BEREICKDILE D LA A (Ca2)DFR
ARBREBEECDVWTHRZEMUIZ. FHflREER Ca> DIENNIES > I\ JEDDHE EERERDOEL %
B|ER I DG DMEERN T FIUBEA DX LZER T D. Tt M) OUE (ECC)

(& ECC BICKDKRERA MY FZFTFTTRUBPERCHEVNTHEL CaHBNNZFZR L. CDRDR
BIRAR Ca2 i8N0, AFMREDIBES LUEIEBEIC T O (CRETIEEMMETHD. £z, 7D
ADRFHFFHE(CHITDZ RO RUT CaWIBFFE(CDVNT, MEDEVZRNE. 2R, MY
DRI IZAERIHLDE, S I RUFICEKD CaBDNIAFHBENNE L, CNIX, FHERHERE
DRI RUTVHKBEZEENSWC EICKOTHATET I EZHASHNCLEE. TNSDFERIZE,
fEXR, fHiEfE, FESREICROESNDIMEDERZRET S.

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

Summary (April, 2019 - March, 2020)

In 2019, we performed studies on Ca?* influx pathways and sex differences 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. Eccentric contraction (ECC) protocols did induce a greater Ca?*
increase in the distal muscle region that underwent greater stretch post-ECC. These findings that selectively
manipulate and measure Ca?" accumulation may yield crucial mechanistic insights into myocyte damage and
adaptation processes. Also, we investigated sex differences in mitochondrial Ca?* handling properties in mouse
fast-twitch skeletal muscle. This investigation presents evidence that female versus male fast-twitch muscle
exhibits a greater mitochondrial Ca?* uptake capability that is partly conferred by the higher intermyofibrillar
mitochondrial volume density. The results of this study suggest the factors of sex differences observed in muscle

hypertrophy, muscle damage, and muscle fatigue.

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

1. Tabuchi A, Eshima H, Tanaka Y, Nogami S, Inoue N, Sudo M, Okada H, Poole DC, Kano Y. Regional
differences in Ca (2+) entry along the proximal-middle-distal muscle axis during eccentric contractions in rat
skeletal muscle. J Appl Physiol. 2019 Sep 1;127(3):828-837. (IF 3.256) 2019 ££ 9 A

2. Hirai DM, Craig JC, Colburn TD, Eshima H, Kano Y, Musch TI, Poole DC. Skeletal muscle interstitial Po(2)
kinetics during recovery from contractions. J Appl Physiol. 2019 Oct 1;127(4):930-939. (IF 3.256) 2019 £
10 H

3. Kitaoka Y, Watanabe D, Nonaka Y, Yagishita K, Kano Y, Hoshino D. Effects of clenbuterol administration on
mitochondrial morphology and its regulatory proteins in rat skeletal muscle. Physiol Rep. 2019
Oct;7(19):e14266. (IF unregistered journal) 2019 £ 10 B

4. Kodama S, Ohta M, Ikeda K, Kano Y, Miyamoto Y, Osten W, Takeda M, Watanabe E. Three-dimensional
microscopic imaging through scattering media based on in-line phase-shift digital holography. Appl Opt.
2019 Dec 1;58(34):G345-G350. (IF 1.973) 2019 & 12 B

5. Watanabe D, Hatakeyama K, Tkegami R, Eshima H, Yagishita K, Poole DC, Kano Y. Sex differences in
mitochondrial Ca(2+) handling in mouse fast-twitch skeletal muscle in vivo. J Appl Physiol. 2020 Feb
1;128(2):241-251. (IF 3.256) 2020 £ 2 A
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WRDOFEELD (2018 4 B~2019 3 B)

2018 FEE(L, TOF ZAWVEY—HT—LRXE—>3>F v T F v ORBERREIS JOHEE = A
HITHOEM - BRI DR (C DWTHAREIT D /2. TOF AXASERAWEY—H— L XEHBDRTH
VERRART A\ DIS I REME SRR ZARIE UTTHER, SITEMEDSTRAITIE, TRRK D TADEEI=EEER
MOBENMELS, RAISAWVWEPD TFICHEENBVC ENBASHNIROE. —H, BESHAES LV
ATV ITRIREDEMERICHITDETABE S, INSOFHAICE+EAEETH D EHVR
TNE. OR5« v oEIBDHZAVNTHITHROEMS KU OB MR H TS ILEER L, F+
R T D RERN S DS KUBEM IS DIREEE IR EZRE LTz, BEDOEFTADAS (60 fps)
ZRVWCERIREOREMATOREERE, B2 97%, B 100%EE <, i KBk
R (CHBTDARETILOBREN RSN,

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

Summary (April, 2018 - March, 2019)

In 2018, we conducted a study on accuracy verification of markerless motion capture using TOF and on detection
of heel strike and toe-off timing during walking using machine learning. As a result of verifying the applicability
and the limit of application of markerless measurement using a TOF camera to gait motion analysis, the accuracy
of the automatic recognition of the body landmark below the shank was low because of the difficulty of identification
between the body segment and the floor surface. On the other hand, the measurement accuracy of hip joint angle
and spatiotemporal variables such as step length was high. It was shown that markerless motion capture with a TOF
camera could be sufficiently applied to these measurements. Using logistic regression analysis, an automatic
detection model of heel strike and toe-off timing during gait was developed. The detection accuracy of them from
kinematic variables was verified. The detection rate within the error of visual detection using a normal video camera
(60 fps) was as high as 97% for the heel strike timing and 100% for the toe-off timing. It suggested the usefulness
of this model in detecting the heal strike and the toe-off timing during gait.

FIAFREE R, $5F/2E) Research achievements (published papers, patents, etc.)

1. TEHER, BERE, By h—01 2Ty Ty D(CHEF 3 TRD 3 RTEERET, 5 39 BN
A AARZXLZEMEEES, 2018 FE 11 A 10 B, DL(Eh

2. tilise T, BHEA, MEXRZE, S>>0 ORMBESHNICE 9 DEMEFZIIATT, 25 39 B\ A
AH= ZA?&ﬁ;ﬁEA 2018 €E 11 A 11 B, DL (&

3. MA%RZE, BSERCEEREBDRRT, BURBIRAT 1 7EE AT 1 P LFERRS/AR—
IBIRAIREEIRIAZES, 2018 4F 12 B 17 B, $#/AH

4, RHARZE, S>Z>JT ) =—ETEEEME - TRAEE), S>> JFM%R, 30(1), 115-122,
2019.

5. FHESRTY, MHERZE, )IIBE#RES, LA, $UTESE, EVEVOEMEER(CHITD/I\F—DFE
[CDWT, Ja—Fv—TFTALFTowIX,7,29-30,2019.
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2019 FEE(F, BEIDDIEAINSEMNENFHR TR T —ZEHEL, EBAIGOREEIEMNSE T
EBENEFHDODADZIXLZBASNCIT B, By H—DA > ATV IFVICHITBDITFROIF>—
JO—-fEhziTolz. MEFREEFFEZTEDEY, BFE SIFHERBEDEL, BHESLDELICLKD,
Fv I UR=ILIIRENERRDN, CNSETFZ—TJ0—-DBFRICDWTERET LTz, BEfIh 5iEfi
NEESNDBIRILF—DEFEAENEEI/IND—(CRBDEDTH DN, KEBAAITIEEIAS ~NL
DIND—=(CRBABDORABARSTNC ERENESMNTBRD .

Fiz, BROERE(CHITDEEBFEZTAIL, RIEREE/ (TA - X NILBLUOERE & EEME
DERICDVWTHREEL, B5SNIEEIMET —FN SIMERIE (CE DUV TRIEREEEMEDFMEZ/ERX
UTz. S>F—D 5000m DECEEEREBIRESNZBMEDEE & DO (CBRMEREBEBERN RO SN .
REHIEZRWND Z ET, ERMENSRIEERIE/ DA - AULNILEFAHTEDZ ENREBENTZ.

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

Summary (April, 2019 - March, 2020)

In 2019, mechanical energy flow analysis between the lower limbs during the instep kick of soccer was conducted
to clarify the mechanism of the kinematic chain that increases the velocity of the distal end. The initial velocity of
the kicked ball differed depending on the difference between the dominant and non-dominant feet, the difference
between the experienced and the non-experienced, and the difference among the effort levels. The relationship
between the initial ball velocity and the energy flow was examined. Most of the energy transferred from the proximal
to the distal was due to the joint force power. However, it was clarified that the energy inflow due to the segment
torque power was also large in the proximal end of the thigh. We also conducted the study on the running motion at
the various running speeds to examine the relationship between the long-distance running performance level and
the running motion regardless of running speed. We developed the evaluation method of long-distance running
motion based on the motion deviation from the elite runners. A significant correlation was found between the
runner's 5000 m personal best record and the deviations of the selected kinematics. It was suggested that the long-

distance running performance level can be predicted from the running motion deviations by using our method.

FIAFERE (R, $5F/2E) Research achievements (published papers, patents, etc.)

1. Tsuboi Y, and Okada, H, Energy flow analysis between lower limb segments during the instep kick in soccer,

The XXVIIth Congress of the International Society of Biomechanics, August 2, 2019, Calgary, Canada

2. Tabuchi A, Eshima H, Tanaka Y, Nogami S, Inoue N, Sudo M, Okada H, Poole DC, Kano Y. Regional
differences in Ca (2+) entry along the proximal-middle-distal muscle axis during eccentric contractions in rat
skeletal muscle. J Appl Physiol. 2019 Sep 1;127(3):828-837. (IF 3.256) 2019 ££ 9 A

3. HEHER, &N, MA%RE, 1> X7V IFv OB TREIAS NI F>—-TJ0—
T, 28 40 B/ \A AX DX LFGEEESR, 2019 € 11 A 30 H, HBAH™

4. lzEsT, HEERE, MHRZE, OB, A, \LEF, mAR, ERES LUERDHELE
RS> T —DOEBECREFIHE, 540 @A AADZXLFMEEES, 2019 F 12 A 1 B, HH
H
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WROFEELD (20184 B~20194 3 B)

DNONOARETIE, EBEREEDFEAMIL - 7))L (EF2A4L) (CRDEBREREEET4) ik
BERIEN & U THEERAIIC & DIAH, EFEKERS AT AL TEEREEZSE - R I D/2HDORY b
PERE - B - EHRAUE - 7))L U X LD ZRRTD. D55, HEFEEL, FEFLERMZE
U TEESN (O EEN I DifsAIDBE &L - B - EZHU>TI 30Ky b - EZ3 > itz
MICIREUZ., CNICBEHEL TS 17 M BABERAEMTS (JSTU2018) ([CHWTAMTZRIOZ T
NCETDARMERREITR, REFEEE, FEMRREHNE, XA MNRRXY-—EETNETNZ
BUl. E£z, ISTAIR—>3>2v)> (8830, 31H, BEREVIYARN) ([CHEL, XT
O> 10 MBI BN BT ITENRRESE, BEOXAT 1 7(CBFE Nz,

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

Summary (April, 2018 - March, 2019)

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 this year, we proposed a new robotic
servoing technology for extracting, following, and monitoring the affected part in the organ that actively moves by
using deep learning technology. In connection with this, at the 17th Japan Society for Ultrasonic Therapy
(JSTU2018), we presented our research results on this research project and received the Best Presentation Award,
Student Research Encouragement Award, and Best Poster Award respectively. In addition, we exhibited at JST
Innovation Japan (August 30, 31st, Tokyo Big Sight), and articles on this project were published in multiple media
such as Nikkan Kogyo Shimbun.

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

1. Yudai Sasaki, Fumio Eura, Kento Kobayashi, Ryosuke Kondo, Kyohei Tomita, Yu Nishiyama, Hiroyuki
Tsukihara, Naoki Matumoto and Norihiro Koizumi, Development of Compact Portable Ultrasound Robot
for Home Healthcare, The Journal of Engineering (JoE), Vol.2019, No.14, pp.495-499, https://digital-
library.theiet.org/content/journals/10.1049/joe.2018.9406, 2019. 2019 £ 2 A

2. Tsubasa Imaizumi, Norihiro Koizumi, Ryosuke Kondo, Yu Nishiyama, Naoki Matsumoto, Automatic

Fascia Extraction and Classification for Measurement of Muscle Layer Thickness, Proc. of 2018 15th
International Conference on Ubiquitous Robots (UR2018), Hawaii Convention Center, Hawai'i, USA, June
27-30,2018.2018 & 6 B

3. Akihide Otsuka, Norihiro Koizumi, Izumu Hosoi, Hiroyuki Tsukihara, Yu Nishiyama, "Method for
Extracting Acoustic Shadows to Construct an Organ Composite Model in Ultrasound Images," Proc. of
2018 15th International Conference on Ubiquitous Robots (UR2018), Hawaii Convention Center, Hawai'i,
USA, June 27-30, 2018 €E 6 A

4, Ryosuke Kondo, Norihiro Koizumi, Yu Nishiyama, Naoki Matsumoto and Kazushi Numata, "Out-of-Plane

Motion Detection System Using Convolutional Neural Network for US-guided Radiofrequency Ablation
Therapy," Proc. of 2018 15th International Conference on Ubiquitous Robots (UR2018), Hawaii
Convention Center, Hawai'i, USA, June 27-30, 2018 &£ 6 B

5. REAA, L A% aEESEHE, ERRE, TDRESEAE, BEE, "ERREENEIEE, £ARNESD
BISESIOTOTS A", HEEES CRE) : US15/867302,2018.1.10 HiFE, #5FES (K
E) :10,535,159,2020.1.14 E£x.
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WMROFEELD (2019 FF4 B~2020 43 B)

DNONOARET(E, EEREEDRIMIL - 79I (EF21E) (CLKDERRREEST 4Lk
HERAZN & U CTHEEMAIIC & DiAF, BB S AT AL TERNEESE - 8L 9 3zHn0Ry ~
BERE - HUAED - ESRAIE - ZILT U X LD ZHIETD. COD5, HUZEEL, FEEI3RiziE
AU TEEBIN (CEEN I DiFEsAIDBE L - B - EZAHU T3 D0/Ry MMEE - S - BYSL
B - 7)Y L FRICIREURE. SNUCEELU TS 25 BOMRT 4 IR RS TICICHNT
AHAFR IO T MBI IMARRBRERZITIA), FAEMRBMHEEZTE L. £z, EROMRY
NE (12818-21H, BEREVIYA M) (CHE, BT TEFRBICAMENEFREHERIFDPD
Al RS R T A (CRET BEeENBE NI,

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

Summary (April, 2019 - March, 2020)

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. Among them, this year, we proposed a
novel robot vision technology that extracts, tracks, and monitors the affected area in an organ that actively moves
by using deep learning technology. In relation to this, we presented the research results on this research project at
the 25th Robotics Symposia and received the Student Research Incentive Award. Also, at the International Robot
Exhibition (December 18-21, Tokyo Big Sight), an article about "Al medical imaging system", which is jointly
developed with Obayashi Manufacturing, was published in Nikkan Kogyo Shimbun.

FIAFERE (R, $55F/2E) Research achievements (published papers, patents, etc.)
1. Katsuyuki Sanga, Kazushi Numata, Hiromi Nihonmatsu, Katsuaki Ogushi, Hiroyuki Fukuda, Makoto
Chuma, Hiroshi Hashimoto, Norihiro Koizumi, Shin Maeda, Use of intra-procedural fusion imaging

combining contrast-enhanced ultrasound using a perflubutane-based contrast agent and auto sweep three-
dimensional ultrasound for guiding radiofrequency ablation and evaluating its efficacy in patients with
hepatocellular carcinoma, International Journal of Hyperthermia (IJH), Vol.37, No.1, pp.202-211, 2020.
https://doi.org/10.1080/02656736.2020.1729422 1F=3.6 2020 &£ 2 A

2. RikiIgarashi, Norihiro Koizumi, Yu Nishiyama, Kyohei Tomita, Yuka Shigenari, Sunao Shoji,

Sagittal alignment in an MR-TRUS fusion biopsy using only the prostate contour in the axial image,
ROBOMECH Journal, Vol.7, No.1, 2020. https://doi.org/10.1186/s40648-020-0155-9 IF=1.2

3. /NREFE, Al K CTHSESE SRRA, KIRAS, E4KEX, EGE, AHEIE, BEEX,
NIME AN, BIRshz, IAKEE, WINEL, "ETALDFE - IREARNA /TN FBELF
258, Vol.85, No.9, pp.749-752, 2019. https://doi.org/10.2493/jjspe.85.749. 2019 £ 9 H

4. Yudai Sasaki, Fumio Eura, Kento Kobayashi, Ryosuke Kondo, Kyohei Tomita, Yu Nishiyama, Hiroyuki
Tsukihara, Naoki Matsumoto, and Norihiro Koizumi, "Automatic Diagnosis by Compact Portable
Ultrasound Robot : State Estimation of Internal Organs with Steady-State Kalman Filter," Proc. of 2019
IEEE Healthcare Innovations and Point of Care Technologies Conference (HI-POCT) , Paper No. 1009,
Bethesda, Maryland, USA, 2019.11.20-22, http://doi.org/10.1109/HI-POCT45284.2019.8962758. 2019 £
12H

5. REAE, AtmEIzE, EEFRE, NRERE, ALK, IIEEBERZENAERES AT AICHIT
% CNN ZFV\ 2 BERERTE(CB T BARELE, 55 25 BIORT« TR 2IRST7, 1A3,2020 £ 3 A,
FEBRHERE

-32-



2018 = Rk THRXZ=E  http://www.hi.mce.uec.ac.jp/yklab/
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2018 FEETIE, (1) DAVTHEREFEEETES 1 —)LOEGRBEEITV, EAM%OE2, 3EHE
METE>1—)LoNfEs B xEITo . BEES 1 —I)L2AVERALORY ~7—ADFIHIS X5
Lz 2FEE (ORy FES IV ICED L BEIFIHIEADBIC KD YREY - L —THliH) ZRFEL
1z, DAV Dsthdr EWERDEREREZFRR T DIzsb(C, IREIZFIA LD 7Rk algetz RNz,

(2) HEEMEBESRIFERWZUI\EUFT—2 3> (TSRS EER I D2HIC, BEETAICEDL)
TE—H R FZEEBERT BDED (CRIBEMEY) DB X DHICRBSEEIRREL, B ERT
Uz, (3) ST OTZ M ENEE b Em ESE 30T, mEET > H(ICKDEHRIESNIESR1TER
ETREDIEREZE AW BAEODSBIITEZIBEL, S/ ZEZRE U THEKOFIIEZIREL
1z.

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

Summary (April, 2018 - March, 2019)

In 2018, (1) we established the theory on the modularization of coupled tendon-driven joints, and classified and
compared the practical 2 and 3-DoF (Degrees of Freedom) joint modules. Two control methods, automatic control
based on robot vision and master-slave control with a human arm, were developed for the anthropomorphic robot
arm composed of 3 joint modules. (2) A stimulation electrode switching strategy based on joint angle was
proposed to track the movement of muscle motor point during muscle contraction induced by functional electrical
stimulation during rehabilitation. The muscle fatigue reduction effect of motor point tracking stimulation was
validated with healthy subjects. (3) To improve the safety and intelligence of a walking support machine, we
developed a gait analysis method using proximity sensors that measure the distance between the lower limbs and

the walker, and proposed a running control method considering the gait of the user.

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

1. AEfT, ZRE, FMEKX, 5L, BHIEE - BEICECS T DILELEFTDOIHDERFH
REENEEHABORE, BAONRY MEREE, Vol.37, No.2, pp.168-178, 2019. (IF unregistered)
2019 € 3 A.

2. Yoshiko Yabuki, Kazumasa Tanahashi, Yasuhiro Mouri, Yuta Murai, Shunta Togo, Ryu Kato, Yinlai Jiang and
Hiroshi Yokoi, Development of New Cosmetic Gloves for Myoelectric Prosthetic Hand using Superelastic
Rubber, Robotics and Autonomous Systems, Vol. 111, pp.31-43, January 2019. (IF 2.928) 2019 &£ 1 A.

3.  Wenyang Li, Peng Chen, Dianchun Bai, Xiaoxiao Zhu, Shunta Togo, Hiroshi Yokoi, and Yinlai Jiang, Design
of a 2 Motor 2 Degrees-of-Freedom Coupled Tendon-driven Joint Module, 2018 IEEE/RSJ International
Conference on Intelligent Robots and Systems (IROS), pp.943-948, 2018. (IF unregistered) 2018 £ 10 A.

4. Yutaro Hiyoshi, Yuta Murai, Yoshiko Yabuki, Kenichi Takahana, Soichiro Morishita, Yinlai Jiang, Shunta
Togo, Shinichiro Takayama, Hiroshi Yokoi, "Development of a parent wireless assistive interface for
myoelectric prosthetic hands for children," Frontiers in Neurorobotics. 12(48), 2018. (IF 2.486) 2018 £F 8
H.

5. Wentao Sun, Jinying Zhu, Yinlai Jiang, Hiroshi Yokoi, Qiang Huang, One-Channel Surface EMG
Decomposition for Force Estimation, Frontiers in Neurorobotics, 12:20, 2018. (IF 2.486) 2018 £F 5 A.
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2019 FF T, (1) DAVTSEEDDTA V7 DORHR &t HDRBEE BRI DI2H(C, E=E 3g LLTFD/N
BOA7sBEh e BEBARE LU, ENZERAWCDA\RNDBERZREEICKD, D1V F5EEDL
BEREZH#IFCEITENENDSNIZ. WBDIYRT—AL—THliHERFEUE. (2) HENER
FIBICBITDE—F—R1 > NERDEE EFBEZEDHDIZH(C, FIBEENCES) Uiz LB _5EAFDE
—A—RA > MBRERIBEREERFE U, (3) mEETUZAVCEROEMRESTHAlE RGBD 77X
SEBAWERAESTAIICKD, HMTHIEMOFIAE DSBS JREDFIHERZ B8N (C1RET D
FEERREUR. 4) EFOMERICH T DUIMEBOEREH\DUKEZES IeH(C, MHEESE
& - st YRENZBERCEHAITE 3B ERREUE.

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

Summary (April, 2019 - March, 2020)

In 2019, (1) to solve the problems of breaking and slack of tendons in coupled tendon-driven mechanism, we
developed a miniatured tension sensor that weighted less than 3 g. Experimental results showed that automatic
tendon tension adjustment with the tension sensor maintained the position precision of the tendon-driven joint. A
dual arm master-slave control was also developed. (2) A motor point tracking device for biceps brachii was
designed to improve the tracking density and accuracy based on the relationship between the elbow joint angle
and the motor point position of biceps brachii. (3) Automatic detection of a user’s direction and velocity intention
to control the walking support machine was realized based on the relative velocity measured with proximity
sensors and the foot angles measured with a RGBD camera. (4) A sensor that simultaneously measures
myoelectric signals and the pressure between skin and the sensor circuit board was developed for myoelectric
control to reduce the dependency on the residual muscles of the amputee.

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

1. B5uf, BEEAES, MERS, HPFEE, RIEMEKX, =Rk, BHEE | AerEloREHEIZ A
WEBERIRFABERFI AT LORF, I\AAADZXLFEREE, Vol43. No.4, pp.248-255,2019.
(IF unregistered journal) 2019 &£ 9 A

2. Shunta Togo, Yuta Murai, Yinlai Jiang and Hiroshi Yokoi, Development of an sSEMG sensor composed of
two-layered conductive silicone with different carbon concentrations, Scientific Reports, vol. 9, p. 13996,
2019. (IF 4.122) 2019 £ 9 A

3. Xiaobei Jing, Xu Yong, Yinlai Jiang, Guanglin Li, and Hiroshi Yokoi, "Anthropomorphic Prosthetic Hand
with Combination of Light Weight and Diversiform Motions," Applied Sciences, vol. 9, n0.20, 4203, 2019.
(IF 2.217) 2019 &£ 8 A

4. Xu Yong, Xiaobei Jing, Xinyu Wu, Yinlai Jiang, and Hiroshi Yokoi, "Design and Implementation of Arch
Function for Adaptive Multi-Finger Prosthetic Hand," Sensors, vol. 19, 3539, 2019. (IF 3.031) 2019 &£ 8 B

5. Yina Wang, Wengqiu Xiong, Junyou Yang, Yinlai Jiang, Shuoyu Wang, A Robust Feedback Path Tracking
Control Algorithm for an Indoor Carrier Robot Considering Energy Optimization. Energies , 12,2010, 2019.
(IF 2.707)2019 &£ 5 B
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A0 L —45 —REDERT Y — KBDIEEM 1 FIL Y > OsHRIEMIEERL, [RERIEDSE
WHHDBEDIRES AT A, [SDREZEDIZHD B RHRISIZIERATAITE (C K DR ML ZAFHlS
A7 L], BEitR(CEFTTEESRRETE YU ISRTA] DFICESRZHT, ERKIROE
FHMEDRTHRAREEIT DO TS, 2018 FETIE, KDBPEERT-—2TJ3I A5 LADERtZBE
U, Z=BRRE THERTNTUVBIRIMNE -« CMOS IXSHERBWT, FEEM T\ 5L Y > Th DMK
- 0a - KERAEL, BBUR(CKDRPREZ AT ——_0F 3T LAORAREIREL
1.

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, and 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. Takemi Matsui, Satoshi Suzuki, Guanghao Sun, and Eddie Ng Yin Kwee. Sensors and Data Processing
Techniques for Future Medicine. Journal of Sensors, Article ID 1210609, (IF 2.024) 2018

2. Sumiyakhand Dagdanpurev, Guanghao Sun, Toshikazu Shinba, Mai Kobayashi, Nobutoshi Kariya,
Lodoiravsal Choimaa, Suvdaa Batsuuri, Seokjin Kim, Satoshi Suzuki and Takemi Matsui. Development and
clinical application of a novel autonomic transient response-based screening system for major depressive
disorder using a fingertip photoplethysmographic sensor. Frontiers in Bioengineering and Biotechnology,
6(64), (IF 5.122) 2018

3. Takemi Matsui, Toshikazu Shinba, and Guanghao Sun. The development of a novel high-precision major
depressive disorder screening system using transient autonomic responses induced by dual mental tasks.
Journal of Medical Engineering of Technology, 42(2), 121-127, (IF NA) 2018.

4. Guanghao Sun, Takemi Matsui, Yasuyuki Watai, Seokjin Kim, Tetsuo Kirimoto, Satoshi Suzuki and Yukiya
Hakozaki. Vital-SCOPE: Design and Evaluation of a Smart Vital Signs Monitor for Simultaneous
Measurement of Pulse Rate, Respiratory Rate, and Body Temperature for Patient Monitoring. Journal of
Sensors, Article ID 4371872, (IF 2.024) 2018.

5. ENMESHOREEE, RETTES KIUECHIEA. 45058 2018-168053, 2018
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WROFEELD (2019 FF 4 B~2020 43 B)

ARARITIL—T(FTNET, DDOF CROSNDEEMIKAEIRCEBL, BHan GELERER
) 71 - & - BOOAZE) (HRV) ?‘5#;;‘;73\33{“ (LBL\‘C%I:B“ZM&%%EiLfC%T. 2019 FET
(&, EERORQRDIRETETAESNZ HRY 812%, LESHRIDITEDO—ETHI3O0 A5+ w5
ﬁﬂﬁ%zﬁﬁm‘c FTTH(CEHI LT, S2UEE (Duﬂﬂﬁtir By ) &ERDDITEOENEZE DU,
O+ u/J+IJ I3HrDRBAZE & LU TIE, HRV IBIZEDA, FEHEEOR] - B - BORIRZRARIRIE
B (HF), XREFER (LF/HF), K U:u?El;& (HR) ZAUZ. 44 ZOFXREKFEDSDRESE (FHHE
BES %J/E.\f‘ B - AARRIGE) & 47 ZOREEEZWRICHMEERITEZD HRY BIEZEHAIL, O
AT wIHBIDHEITOIEEC S, 30 EU EDOBRKREBRZIF DBHRIEDZIEREZ J7 L > X
& UTEBF Sensitivity DY 80% Cdpo e, AFEFHIBIZIFTIRL, 91 &2ZE—DDIBIEA W X)L DFFI
£ BT ENTIRET, 7w A ARS U \GElE &N UVGEIR(C (FERHIB(EERSH SNEN o e, NESRE
(&, MAZENHEIEE(C LD EENRS DRt E U THiIFENS.

Guanghao Sun Laboratory  https://cargocollective.com/guanghao_sun

Summary (April, 2018 - March, 2019)

Heart rate variability (HRV) has been intensively studied as a promising biological marker of major depressive disorder
(MDD). Our previous study confirmed that autonomic activity and reactivity in depression revealed by HRV during rest and
mental task (MT) conditions can be used as diagnostic measures and in clinical evaluation. In this study, logistic regression
analysis (LRA) was utilized for the classification and prediction of MDD based on HRV data obtained in an MT paradigm.
Power spectral analysis of HRV on R-R intervals before, during, and after an MT (random number generation) was performed
in 44 drug-naive patients with MDD and 47 healthy control subjects at Department of Psychiatry in Shizuoka Saiseikai
General Hospital. Logit scores of LRA determined by HRV indices and heart rates discriminated patients with MDD from
healthy subjects. The high frequency (HF) component of HRV and the ratio of the low frequency (LF) component to the HF
component (LF/HF) correspond to parasympathetic and sympathovagal balance, respectively. The LRA achieved a sensitivity
and specificity of 80.0 and 79.0%, respectively, at an optimum cutoff logit score (0.28). Misclassifications occurred only when
the logit score was close to the cutoff score. Logit scores also correlated significantly with subjective self-rating depression
scale scores (p < 0.05). HRV indices recorded during a MT may be an objective tool for screening patients with MDD in
psychiatric practice. The proposed method appears promising for not only objective and rapid MDD screening but also
evaluation of its severity.

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

1. Guanghao Sun, Tanaka Yosuke, Kiyono Ken, Hashimoto Kenichi, Takase Bonpei, Liu He, Kirimoto Tetsuo, Matsui
Takemi. Non-contact monitoring of heart rate variability using medical radar for the evaluation of dynamic changes in
autonomic nervous activity during a head-up tilt test. Journal of Medical Engineering & Technology, 43(7), 411-417, (IF
NA) 2019

2. Cuong V. Nguyen, Truong Le Quang, Trung Nguyen Vu, Hoi Le Thi, Kinh Nguyen Van, Thanh Han Trong, Tuan Do
Trong, Guanghao Sun, Koichiro Ishisbashi. A non-contact infection screening system using medical radar and Linux-
embedded FPGA: implementation and preliminary validation. Informatics in Medicine Unlocked, 16, 100225, (IF NA)
2019

3. Pham Thanh Hiep, Nguyen Nhu Thang, Guanghao Sun, Nguyen Huy Hoang. Proposal of Hierarchical Topology and
Spatial reuse superframe for Enhancing Throughput of Cluster-based WBAN. ETRI Journal, 41(5), 648-657, (IF 0.861)
2019

4. He Liu, Deyun Chen, Guanghao Sun. Detection of Fetal ECG R Wave from Single-Lead Abdominal ECG Using a
Combination of RR Time-Series Smoothing and Template-Matching Approach. IEEE Access, 7, 66633 - 66643, (IF
4.098)2019

5. Yu Yao, Guanghao Sun, Tetsuo Kirimoto and Michael Schiek. Extracting Cardiac Information from Medical Radar
Using Locally Projective Adaptive Signal Separation. Frontiers in Physiology, (IF 3.201) 2019

6. Sumiyakhand Dagdanpurev, Shigeto Abe, Guanghao Sun, Hidekazu Nishimura, Lodoiravsal Choimaa, Yukiya
Hakozaki, Takemi Matsui. A novel machine-learning-based infection screening system via 2013-2017 seasonal influenza
patients' vital signs as training datasets. Journal of Infection, 78(5), 409-421, (IF 5.099) 2019.

7. Guanghao Sun, Masakazu Okada, Rin Nakamura, Taro Matsuo, Tetsuo Kirimoto, Yukiya Hakozaki, Takemi Matsui.
Twenty-Four-Hour Continuous and Remote Monitoring of Respiratory Rate Using a Medical Radar System for the
Early Detection of Pneumonia in Symptomatic Elderly Bedridden Hospitalized Patients. Clinical Case Reports, 7(1), 83-
86, (IF NA) 2019.

8. FHEA A HILTAEHAEE, FHEA A F)ILY A ZEBAAES LOT OIS A, 1558 2019-104201,
2019.
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2018 FEE (AT DT ERZSTZ. 1. ASD BEEDLISMEIHFEE ZRANER, FEiB(RUMKED
HDERVENAEIROE EHEIT B ENESHERDE. 2. B MORLEEEDOSIEITETILH
SEZINIHR IR URABSESIEEEN, RIDHBNBESEEETH D&, RIS A7 %
IBZET, B OEISER UBBRT —)L TOENEIGEETH D EMNESMNERD . 3. 1M
DIEEEDOHRBIMFRDER, FH R THEBNBHMERZEFZRAFE L. 4. HEBEFEHIHITD
EODZF v OXRIVBHBEL BT LARBELUZ. Tz, BENMIEOIZSHD MR 7/ XZAL\
EREFHIHS AT LAOBREHIELE. 5.8 DOTE—FHEINTHL, BEERFND § 5D %&FiED]
BRI 8 B D7 VP50 P —AZ&RETUTE. 6. B DIBERONTHI 3, SUd—-xBuLeY
IRTJa>H—=RL, EFHOENZERTHERLE.

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

Summary (April, 2018 - March, 2019)

In the 2018 year, we achieved the following research results. 1. We measured and analyzed the multi-digit
coordination of ASD patients. The results showed that ASD groups strongly depended on the ring finger and the
dependence correlated with a degree of symptom. 2. We demonstrated that the repetitive virtual trajectory control
could adapt an unknown force field with a similar time scale as the human in the simulation experiments. 3. Our
team consisting of Togo laboratory and a company in Sabae city developed an EMG prosthetic hand for infants
with high rigidity made of titanium. 4. Multi-channel EMG sensor system for the myoelectric shoulder
disarticulation prosthesis control as developed. Moreover, we started to develop an auto-control system for the
myoelectric shoulder disarticulation prosthesis by using a Mixture Reality device. 5. We designed a robot arm
with a coupled eight tendons-driven mechanism that can output eight times of joint torque than that in the direct
motor drive structure. 6. We developed a soft finger with a coupled tendon-driven mechanism made of silicone,

and empirically showed a double increase of the pinch force.

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

1. & Bf7, & RK, 5 BX, #H &R, EHIEE - FFEEECHITDIREIERFDIZHDHE
E T HEEEAEBOMFA”, BARONRY MERFE, Vol37, No.2, pp.168-178, 2019.

2. Togo S, Itahashi T, Hashimoto R, Cai C, Kanai C, Kato N and Imamizu H, “Fourth finger dependence of
high-functioning autism spectrum disorder in multi-digit force coordination,” Scientific Reports, Vol.9,
No.1737, pp.1-11, 2019. doi:10.1038/s41598-018-38421-6 [IF: 4.011] *the top 100 neuroscience Scientific
Reports papers in 2019

3. Yabuki Y, Tanahashi K, Mouri Y, Murai Y, Togo S, Kato R, Jiang Y and Yokoi H, “Development of new
cosmetic gloves for myoelectric prosthetic hand using super elastic rubber”, Robotics and Autonomous
Systems, Vol.111, pp.31-43, 2019. doi:10.1016/j.robot.2018.09.004 [IF: 2.638]

4. Hiyoshi Y, Murai Y, Yabuki Y, Takahana K, Morishita S, Jiang Y, Togo S and Yokoi H, “Development of a
parent wireless assistive interface of myoelectric prosthetic hands for children,” Frontiers in Neurorobotics,
Vol.12, No.48, pp.1-12, 2018. doi:10.3389/fnbot.2018.00048 [IF: 2.606]
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WMROFEELD (2019 FF4 B~2020 43 B)

2019 FE(CFUTORFRKREZSIC. 1. & CREB), M, A, KEODEBSZHOATEZRREL

1z, ATIBOXKETBDIEFRENFEZILIFICEX DHEZT ANIIER, IETFREEDS N IBEE (CHAN
TEWLSIEREH, RVEEMZRUEZ. 2. S THOREEOHRERFTORR, 1R —F+7
FTHA D RBAITDICEICKDT, FICETHDRNSEE THEHERRABHEREFZRRELEL.
3.MR 7/ \A RC K> CTRABDRIBES KMEAEDOFRREEHAL, BEADORESHEDEZBEET
DEREFHIHZ AT LZBELUZ. EBROER, HICRVWIEEEICBVWTIERELD EERICELE
BIPEEFD/IN T A - AN EUEC EZERUEE. 4. BIEREICEEET UM 8 B S5 BoORy e
MEREREUE. &R, BREBDIC8 DOV IF1I—FIHhzT bt L TRBEEZMYI U TR
BCEBdEERUEL. 5 BICEHORS T ERVWVCHEREFDICOHDRBEE T« — R\ IS5
LZEREFEUE.

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

Summary (April, 2019 - March, 2020)

In the 2019 year, we achieved the following research results. 1. We developed artificial fingertip consisting of
anthropomorphic bone (distal phalanx), nail, subcutaneous tissue, and skin. As a result of the experiments
examining an effect of the asymmetric property of the distal phalanx of our developed artificial fingertip on the
ability of precision grasping, the asymmetric group showed a significantly higher maximum drawing force and
longer holding time than the symmetric group. 2. Our team consisting of Togo laboratory and a company in Sabae
city developed an EMG prosthetic hand for an adult with lightweight and high rigidity made of titanium by using
a generative design method. 3. We developed a control system of the myoelectric shoulder disarticulation
prosthesis that measures the environment around the user and line of sight of the user by an MR device and
automatically plans a trajectory of reaching movement toward a target. The performance of the reach to grasp
movements was improved by the proposed method than the conventional method, especially in rapid movements.
4. We developed an actual robot with a coupled eight tendons-driven mechanism. We empirically demonstrated
that each joint could independently move even with coupled eight tendons. 5. We developed a sensory feedback

system for the myoelectric shoulder disarticulation prosthesis by using a high responsive haptic reactor.

FIAFERE (R, $5F/2E) Research achievements (published papers, patents, etc.)

1. Eix &, BF 6K, M 82, B FF, = &KX, & REK, #H EE, “AEEioRm
EMERWCEERIRMFABEREF I AT LDHEFE”, \AAADZILFEREE, Vol43, Nod,
pp.248-255, 2019.

2. Togo S, Murai Y, Jiang Y and Yokoi H, “Development of an sSEMG sensor composed of two-layered
conductive silicone with different carbon concentrations,” Scientific Reports, Vol. 9, No. 13996, pp. 1-10,
2019. doi:10.1038/s41598-019-50112-4 [IF: 4.011]

3. MH X, RIR £F, 6R [EE, &K EZ, S0 E—8B, = &X, ik gE, & ’REK,
1RGSR, “EEFEZAATESIFIMERF AT LAOME — EtFEORESAE —,
INAAARXDZXLFEREE, Vol43, No.2, pp.124-133, 20109.

4. WP BX, EH EE, & |BK, KRR £F, NHF X, WWEH ET, HERFOHESER
AT, BAROMRY REFEREE, Vol. 38, No.2, pp.127-130, 2020 At 144
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WROFEELD (2018 4 B~20194 3 B)

2018 FEE(L, AMBRHRROAES AT LAZHRI IS, I—=Z005 T4 v Ih—RETD
L L —45—R— 5723 GPU STES AT LAZIER L, TOMEEFGHHEET /2. COMRT
(&, GPU 5tEI(E CPU STE(CLENR TR, EEETBEIIMEBESTE SR U THRBEDSTEN
AR CHDCEZRUE. 212U, DARZE U DMRRIERRBDIEREEXD. E5—DDAFKE
LT, RERTOEILEALT I —ALIRTICHIFBRDT—F I ATFRIEBDA DI LEHRTULE.
4, v4, TRIZEE, BIEERIEFD_—1—3SILRY RDO—IOWSRB3HRS T LADEST)LEVER
U, BIZERIEF COAHTIYU—1EHRN, COIMUDEIEDRRD —1—0O>(CK> TESN 35 <HEE
YERRUTZ 2 DB S OFICKD>TERIRESND ZEZRUE. &5(C, BITERIEFH S FATATEN
DY ITFIUNCKDTHFTIU—EBFRHEDRERFE(CX T DMBIEEN LT EzREU
1z.

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

Summary (April, 2018 - March, 2019)

In 2018 year, we developed computer programs of neuronal simulations for the computing systems that consisted
of a gaming graphics card with new architecture (the NVIDIA GTX 1080) and an accelerator board using a GPU
(theNVIDIATeslaK20C). Our results showed that the computing systems were able to perform simulation of a
large number of neurons faster than CPU-based systems. We also showed that the simulation results of single
precision were accurate enough compared with those of double precision, but chaotic neuronal response
calculated by a GPU using single precision was prominently different from that calculated by a CPU using
double precision. In addition, we investigated the neural mechanism underlying working memory in a delayed
match-to-category task. We developed a network model of visual system that consisted of networks of V4, IT,
and PFC. We showed that category information in PFC is represented by two dynamical attractors weakly linked,
resulting from the difference in firing thresholds of PFC neurons. Furthermore, we showed that top-down signal
from PFC to IT improves the ability of PFC neurons to categorize the mixed images that are closer to a category

boundary.

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

1. K. Fujita, S. Okuno, Y. Kashimori, Evaluation of the computational efficacy in GPU-accelerated simulations
of spiking neurons. Computing, 2018 100, 907-926. Impact Factor (IF 2.063) 2018 &£ 7 B

2. Y. Abe, K. Fujita, Y. Kashimori, Visual and category representations shaped by the interaction between
inferior and prefrontal cortices, Cognitive Computation, 2018 10(5), 687-702. Impact Factor (IF 4.287) 2018
FIH
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2019 FE(E, FEBKEDEMATENCH 1T DMAERRARRRODMIREIBEZ IR D 2D, A BRRARZF DY)
ARDEERICK D> TEUDEDRKRA LOEHZEAHZHTEIDETIVZRRELUE. COEHE, FAKIC
K57 Gauss DD ERUEN, AIRIE, @R, E—OME (EYMADLELR S IARKESEZ
RUE. ES—DOHFEL, v hOBVERIS R I(CHITBDEFOFADERA T X LDAFRT
»D. COERKICIE, IRERIFARE(OFC), RYMZ(ABLNBES L TL\DZ EMNEERTRESN TS,
AiAFETI(E, ABL, OFC DETILZIERR L, FREMTENDHIFFAZAL (CHHMD D OFC & ABL DZNEND
HERERREI R EHH T AN X ALZIRE U, £z, OFC OF1—#RM_—1 —0O>DTEHl#lcHd
1322 DOEEZIRE LT, =5IC, BADETILIE, ABL, OFC DIEEICEEBRIERERESEL
mEALTE.

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

Summary (April, 2019 - March, 2020)

In 2019 year, to elucidate what features of an electric image represent the object’s shape, we developed a
computational model that can predict electric images produced by the rotation of differently shaped objects. We
showed that differently shaped objects of a fixed arrangement generated similar Gaussian electric images,
irrespective of their shapes. We also found that the features of an electric image such as the peak amplitude, half-
maximum width, and peak position exhibited the angle-dependent variations characteristic to object rotation,
depending on object shapes and lateral distances. In addition, we investigated the neural mechanism underlying
the outcome expectation in an odor discrimination task. To elucidate how basolateral amygdala (ABL) and
orbitofrontal cortex (OFC) play their functional roles in a reward learning of the task, we presented the neural
mechanisms underlying the rapid formation of cue—outcome association in ABL and late behavioral adaptation
mediated by OFC. Moreover, we offered 2 functions of cue-selective neurons in OFC: one is that the activation of
cue-selective neurons transmits value information to decision area to guide behavior and another is that persistent
activity of cue-selective neurons evokes a weak activity of taste-sensitive OFC neurons, leading to cue-outcome
expectation. Our model further accounted for ABL and OFC responses caused by lesions of these areas.

FIRAFERE R, $FF/2E) Research achievements (published papers, patents, etc.)

1. K. Fujita, Y. Kashimori, Representation of object's shape by multiple images in electrolocation. Biological
Cybernetics, 2019, 113(3), 239-255. Impact Factor (IF 1.305) 2019 & 5 A

2. K. Takei, K. Fujita, Y. Kashimori, A neural mechanism of cue-outcome expectancy generated by the
interaction between orbitofrontal cortex and amygdala. Chemical Senses. 2020, 45(1), 15-26. Impact Factor
(IF 2.336) 2020 &£ 1 A
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2018 & E (&, Hodgkin-Huxley —1—O>FETI)ILZAVWTKIMEERY hDJ—OZ @R, ERE(CIR
N3ERNETEOEGATERE L. EFIL TR, BEESAIFEEO—21—0O>H LY, B
fHRFHED K+F v > 3)L, OB (CHES/IMEORBNREED AND Z EICKD, REFERERIERE
BAORENSEREZERIAL, CNICL>TZa1—O>HRIFENBEEDRERIRFSIRSKZBIRUEL.
Ffe, FEMICHBITBIIFTIOBENTTEEME (L NMDA Fv)LOMOL TR, —2—0>0D
SEIBUDFGIBECRFICER I D EE, BEBEFEAE T (C NMDA FrRILAKOULEEE(CE
ST ZADMANEUD EREUTETIVEBIBELURZ. TORR, ST ARITEERINS >IN
RN, YA XDRI>IEEFM RAA HERSNDRDCAD, ROPIHITOREF CTHRIN
BDHMRYTIRKI<SBRENE.

Shigeru Tanaka Laboratory fff3TZ URL http://tanaka-lab.net/en/

Summary (April, 2018 - March, 2019)

In 2018 fiscal year, we theoretically studied spontaneous activities of neurons in the cerebral cortex, building a
neural network composed of the Hodgkin-Huxley neuron model. We realized the periodic transition between UP
and DOWN bi-stable resting potentials of model pyramidal cells, implementing excitatory and inhibitory
connections, voltage-dependent K+ channels, and exhaustion of transmitter vesicles after high frequency
exocytosis. The simulation reproduced the low-frequency oscillatory firing of neurons, as observed in the sleep
state. In addition, refining our self-organization model based on the assumption that the coincidence of NMDAR
activation with back-propagating action potential (bAP) induces synapse stabilization, whereas NMDAR
activation in the absence of bAP leads to synaptic pruning during postnatal development, we successfully
reproduced orientation maps with iso-orientation domains with similar sizes, as observed in the primary visual

cortex of cats and macaques.
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WROFEED (2019 4 B~2020£E3 B)

2019 FEE(F, RI\AF >0 -1 —0O>FFI)ILZHANTREFHAROEZBEBKLIZ. COEFILICE
DL Zalb—2 3>, RELDERH, REAMUDE, RIBAECHKEFEUEREANDHRST, MK
FEKE(CEKEN D21 —ORT(ICHITDEPAREERI ZEMNTSE, Engel 5 (1990) (CLDEBER
FIERBOZEREBIRUELE. 5(C, 2018 FEE(SEMAFHOE CHEBILEIREEST )LD =1L —>
I2EFRTUEECS, BEFOAMERMEICEATIRFRBTOTI 7L ERT &KL, L
H¥ 2009 F(TIRE LR I XRETICHIFBRAPTOT 7 1)Lz EEMNDEEN (CHBIRIT D &
NTEE. AAFRBRRE, REFMMS CHBVWTERT THD.

Shigeru Tanaka Laboratory http://tanaka-lab.net/en/

Summary (April, 2019 - March, 2020)

In 2019 fiscal year, we reconstructed the visual cortical neuronal network using the Izhikevich neuron
model. Simulations based this model showed synchronized firing at neuron pairs between the left and right visual
cortices as well as synchronization within a hemisphere, which depends on the distance in the visual field,
difference in preferred orientations, and the way of visual stimulation. All these simulation results showed
excellent agreement with findings from electrophysiological recording by Engel et al. (1990). Furthermore,
Simulation of the self-organization model refined last fiscal year successfully showed the sensitive period profile
for orientation plasticity. It was demonstrated that this profile fits not only qualitatively but also quantitatively
with the sensitivity profile that we obtained from optical imaging in cat primary visual cortex. The paper on this

study is now under reviewing in an academic journal.

-44 -



2018 WLy [E WAXZE https://NumericalBrain.Org/
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IERAERZEOMERE UT, NIKERE Tt FB 2T OMEH ZIRIBUTE. Tz, LHDFEHEN'5
RBUHNFZBOFEAEE UT, SHEE7—LOFZFHFEZHRLUL. —7H, SEEMIEETEDH
®ELT, [R] OA2E1—42/—RzZzAWZE MRS =)V Z 2L —>a>mERUE. &

7=, JAMSTEC MX/)\O> [BEX] ZHWTHILRAT—)VINEDU T ILIA LS =1L —2 3> %EE
Uiz, 52, KEEEZD/\AF>2 0%y NDO—DOFFT)LEBEUE.

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

Summary (April, 2018 - March, 2019)

In theoretical neuroscience research, we proposed a framework of reinforcement learning by the cerebellar circuit.
We also proposed a parallel learning principle for adaptive control of multi-joint robot arms. In high-performance
neurocomputing research, we achieved a human-scale cerebellar model simulation composed of 68 billion spiking
neurons. We also carried out realtime simulation of a monkey-scale cerebellar model with 8 billion spiking
neurons on JAMSTEC Gyoukou. Furthermore, we built a spiking network model of the basal ganglia.

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

(BFFEE - S 2RSSO LER)

L g E #EERRS =3 —23>. [BRERETRZ DRCEMIEDORE] AT RS
/. 2018 FF 6 A 16 H, BFX, HR.

2. s E, AHE G SOMRTUA TR/NOEEERIFEZ VONCLTILRYS 2h: To87J0v
TXERICETT] % 41 BRAHENZFFREEAR, 2018 7 8 2629 H, #F.

3. Tadashi Yamazaki. Computer simulation of a monkey-scale cerebellum with 8 billion spiking neurons in
realtime and its applications. 75th Fujihara Seminar “Cerebellum as a CNS Hub”, 2018 &F 12 B 1-4 H, &
RERBERIAZ, RR.

4. Tadashi Yamazaki. Large-scale simulation of the little brain. RIKEN Workshop on Neuromorphic Computing.
2019 € 3 A 11-13 H, A, #F

(AT« 7i5#)

5. EETERFEMRTE S — [FIERIZOHER No.17] MRZE(CKISZE!.208F 108198
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IEHERERIZ DM E LT, N EFBDOR/INAF 2032y D —TICKBERECIDBATI. =
1z, BERLCZRINAOR-IDBEFBT IV T X LDEREECDVNTHERST Ue. SEREMRETE DM
REUT, ERERZF D1 —OFETI)ILOEMRES 1 L —> 3 > EifiziRst U, 1HICBRREEIC
KDERERERE LU THEERSMII L/=. /=, Human Brain Projet EDHERBAIL T, /J\Id Scaffold EF
JLD GPU ([CKBUTIVIA LS ZalL—>3>=mERUE.

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

Summary (April, 2019 - March, 2020)

In theoretical neuroscience research, we worked on implementation of our cerebellar reinforcement learning
algorithm by a spiking network model. We also examined implementations of purely spike-based reinforcement
learning algorithms. In high-performance neurocomputing research, we studied numerical methods for solving
partial differential equations that describe the dynamics of neurons with spatial structure. We also worked with
Human Brain Project on realtime simulation of a cerebellar scaffold model using GPUs.

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

(FFE - Y

L L, LLEE, /)ViK, ATEFEE 25 3 R, dEACRNF4E, 2019 F 12 A 21 B.

2. Jun Igarashi, Hiroshi Yamaura, Tadashi Yamazaki. Large-scale simulation of a layered cortical sheet of
spiking network model using a tile partitioning method. Frontiers in Neuroinformatics, 13, 72, 2019. (IF =
2.68)

3. Daisuke Ichimura, Tadashi Yamazaki. A Pathological Condition Affects Motor Modules in a Bipedal
Locomotion Model. Frontiers in Neurorobotics 13, 79, 2019. (IF = 3.00)

4. Tadashi Yamazaki, William Lennon. Revisiting a theory of cerebellar cortex. Neuroscience Research,
148(2019):1-8, 2019. (IF =2.071)

(Fa— U7 ILEE)

5. Tadashi Yamazaki, Jun Igarashi. Introduction to High-Performance Neurocomputing. Tutorial T-1.
Computational Neuroscience (CNS*2019), July 13-17, 2019, Barcelona, Spain.
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HARDFE LD (20184 4 A~20194F 3 A)

e (CRR UEiER ;) BlEs OEEHESSSR (Ilusory Oscillation of the Central Rotation Axis: #HfR 1>
FTANZEER) ZBRUICEESORERFEZ OIBYIERER(CKDFRICAE Uz, COXRRERZ
AT DREEERCOVWTERLUZ. EA90 ENORERHZIRR TET DS RT AN, VR HEs
ZE UK DBRE(OEWVRERBIRREEZER U CTRAIRERZITO> 2. I NS A N>

RO—I)LEETBRIRIEE UICHIE R EESIREET L ZERL, COBIBEETILICK D TE L DHEFRRAR
DN EIREE IR D T2,

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

Summary (April, 2018 - March, 2019)

We discovered a novel visual illusion: “Illusory Oscillation of the Central Rotation Axis, awarded by illusion
contest of Japan” and examined the visual properties through psychophysical experiments. Then we provided a
computational theory explaining for the illusory perception. Our team have started developing new devices from
2018FY and software platforms in VR environment that enable to display various 2D/3D movies spanning 180
degrees of visual angles. Based on our contrast-gain theory of visual processing, we proposed a computational
neural network model which qualitatively accounts for many sort of visual illusions.

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

1. HUKTER, EBMRE, RS - B - AENEOROUEKTFYE, BAREFSZFAR, 20194F 1
H

2. PRI ERAS IS =, HERNARSEORAMSREIES, BRREFZSZEZARS, 2019F 1
H

3. SEME, AEEE, PIS B, MmiRRE CEERENMLRIRE (CH 1 DIABEOMUBEINRE(CS
ADMR) BARREFREZFAR, 209F 1 A

4. EEETE, BT, EBMEE, BERRIEC KX SRBEREIRBRBEDROKFREFARICHITS
&> 26 10 BIZREMFE 2018 F 10 B

5. FRISE, FthIEK, (ABMRA, “HLeRIAEIMR(CX I 2 EITEAELF G, " BANEFEREE 82 OIKE
2018 F 9 B
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HERFRDIZODF I RFEERE ST/ 1 XDIER (ICERD#E o 1z, BANIC(SIEEDIFREIZ{EH TR
RIEGR (CIRDEBZEIER UTe. CORB(F 2 DT AT LA, I\—T=5—, [CELEYT BRELRH
SERENTVD. RTE, BRABRREREIFEOFH/NAEZITO TLD. VEFEMRE LT VR #88(C
KBDREDIBMIEEFRY T hU T 7 EANT, BEEESTORAERESRRAE (CKFEUERESA
BEEEIHAILE. CNSOERZBEL T, FilcRAEAEIERZEELE. TDENTEVLDS
MR IBBESAT (BFESD) ZH—1ICHAT 5TEERREEBELUL.

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

Summary (April, 2019 - March, 2020)

In order to provide temporally flickering patterns in a “mathematically pure” sinusoidal change of illuminance
level, we developed a new device that composes of two LCDs, a half mirror and rotating polarizer. Using the new
device, we have examined temporal properties of visual system. We investigated vision properties of moving
objects during self-motion of human subjects, and length perception depending on the observation-angles between
the subjects and target objects. Software platform for VR devices developed from 2018FY were applied to various
experiments. Some computational theories were proposed to explain for the above experiments, and various type
of color perception including color blindness.

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

1. Yutaka Nakajima, Shohei Kakuda, Shunji Satoh, “Illusory Oscillation of the Central Rotation Axis,” i-
Perception, 10/ 4, 1-17, (IF 1.367) 2019 July

2. Zaem Zainal and Shunji Satoh, Best paper award of Japan Neural Networks Society, “A border-ownership
model based on computational electromagnetism 2019 September

3. HIEMET, EBHMEE, RAAMME, EKE, HBREHEEET LS 1L -2 3 ot SRS
OEFRZR, BFEREEF 21— Dj/tl T4/0MNEJMUE3H

4. LANETR, EEBEE, FRGIARICHT SRITTEBNRFIEDIE,” BAEREFRIFAS
2020 F 1 A

5. pkEfESRR, EEMERE, ‘B CESTOBEBMANEREOA S ERNER,” BT RRBEFS
Ea1— < IERLIEAT S 2019 F 10 A
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WROFEELD (201854 B~20194 3 B)

AR RWEERETRIZ ERAT T - ELTWD. EFNICE, (1) BEmOGHRIMEZEE(ICK
DRI DEMOMARFET, (2) AR ORERGIECRE T DM, (3) ERINDIHEICKDIE
SEEMEERERMOATRRE, LY, (4) YATVORBREZMRELT, KERDBEEEEE
DEIEEA CEHA T DIEMOMATRAREIT O TS, (1) FREEBEODINIBICSH DMMETHh
DEURE (ERUEEMNHE I INENZHE T DIMOMFETH D, EXMEZRALUCEN &
RN ENTO-TZAWTEHATS. (2) (3EECIEEAMTRE UISaRIMNEDREIHEIRT ML
ERERDOREGIES =1L —> 3> (CKDBRATIMFERTEHD, (3) IHMREMPEERER MM
RICEEETD. (4) (FIKDIETRIIAICHT T DRI RT MUK DBENEE (CKDE(LT DS
ZFAUTHEICREDREZIMEETHA T 2 RIMDBEFE TH .

Yukio YAMADA Laboratory URL: http://www.nvu.mi.uec.ac.jp/old_html/index.html

Summary (April, 2018 - March, 2019)

The major research topics of Yamada Lab. are in the field of medical and biological measurements using near-
infrared light, such as (1) detection of aspiration by the use of fluorescence in the near-infrared wavelength range,
(2) near-infrared light propagation in the human skin, (3) noninvasive and continuous measurement of blood
glucose contents (BGC) using near-infrared spectroscopy (NIRS), and (4) noncontact measurement of temperature
and concentration distributions of aqueous solutions in microchannels. The first topic (1) is to develop a new
method for aspiration detection by use of fluorescence to examine whether food is trapped at the branch between
the trachea and esophagus, the pyriform sinus. Using food mixed with a fluorophore and a high-performance
fluorescence measurement instrument are used to detect the food residue at the pyriform sinus. The second topic
(2) makes simulation of near-infrared light propagation in the skin consisting of three layers with different optical
properties and investigates the effects of various parameters on the reflection spectra. The third topic (3) is closely
related to the second topic and exploits a new method to measure the BGC. The fourth topic (4) is the application
of NIRS technology to industrial instruments.

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

1. (BS5B DY) N. Kakuta, K. Nishijima, V. C. Han, Y. Arakawa, K. Kondo, and Y. Yamada, “A near-
infrared temperature measurement technique for water surrounding an induction-heated small magnetic
sphere,” Journal of Visualized Experiments (JoVE), Vol. 134, Paper No. 57407, pp. 1 — 10 (2018). (Video
article) URL: https://www.jove.com/video/57407. (IF = 1.108) 2018 €£ 7 B

2. (5B DY) H. Yamashita, N. Kakuta, D. Kawashima and Y. Yamada, “Measurement of temperature-

dependent diffusion coefficients of aqueous solutions by near-infrared simultaneous imaging of temperature

and concentration,” Biomedical Physics and Engineering Express, Vol. 4, Paper No. 035030, pp. 1 - 12
(2018); (IF = 1.100) 2018 &£ 10 A

3. (OEEXRR) f#ARsA, WAFE, A, WNERES, ItHERH, BERT, /Jvte—, fid
SR, B, [FRERLIEZ B8 & UTSERIMVEYSC K DIRERRERILADRF | MR EIER S
Bl LDIZHDEMFRFT], BANFS FRFiGEES OPI2018, 2018 FF 10 H30 H~11 H 2
H, RRECREX. 2018 104

4. (MEERR) IEEX, £RRE, MEAMEA, ZxkiE, K&, ST, LBFEE, HRE
K, DEFOMEIECHITDREORGRNEDAELSZaL—>32 ], EFRIMAKSE 5340
BTN TA—S L, 20184 11 A 11 B 20 H~22 H, #LIEMA. (Best Poster Award &) 2018 £F
11 A
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WMROFEELD (2019 FF4 B~2020 43 B)
TN EZE AVWVEEREHRIZ EIRATRT —< E L TWD. BARNICE, (1) REOFEMRMEZEEYE(CK
22T DIMDMATHFE, (2) ERNAEORERUGIEICET DT, (3) IERNMDHEICKDIE
SEMBERERMOMTRRTE, BLY, (4) YATORBREE[RELT, KERDERE SBRE
DEIEEA CEHAI T DIEMOMATRAREIT O TS, (1) FREEBEODINIBICSH DMMEN T
DEURE (ERUEEMNHE I INENZHE T DIEMOMFETH D, EXAMEZRALUCEN &
RN ENTO-TZAWTEHAITS. (2) (3EE(CIEEAMTRE UISaRINEDREIERRT ML
ERERDOAREGIES =1L —> 3> (CKDBRATIMFERTEHD, (3) IHMREMPEERER MR
RICEEET 3.

Yukio YAMADA Laboratory URL: http://www.nvu.mi.uec.ac.jp/old_html/index.html

Summary (April, 2019 - March, 2020)

The major research topics of Yamada Lab. are in the field of medical and biological measurements using near-
infrared light, such as (1) detection of aspiration by the use of fluorescence in the near-infrared wavelength range,
(2) near-infrared light propagation in the human skin, (3) noninvasive and continuous measurement of blood
glucose contents (BGC) using near-infrared spectroscopy (NIRS). The first topic (1) is to develop a new method
for aspiration detection by use of fluorescence to examine whether food is trapped at the branch between the
trachea and esophagus, the pyriform sinus. Using food mixed with a fluorophore and a high-performance
fluorescence measurement instrument are used to detect the food residue at the pyriform sinus. The second topic
(2) makes simulation of near-infrared light propagation in the skin consisting of three layers with different optical
properties and investigates the effects of various parameters on the reflection spectra. The third topic (3) is closely
related to the second topic and exploits a new method to measure the BGC.

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

1. (Invited review paper) Y. Yamada, H. Suzuki and Y. Yamashita, “Time-Domain Near-Infrared Spectroscopy
and Imaging: A Review,” Applied Sciences, Vol. 9, Paper No. 1127, pp. 1 — 53 (2019) (IF = 2.408). 2019 £F 4
H

2. (BEFBEDHX) K. Sakatani, L. Hu, K. Oyama and Y. Yamada, “Effects of Aging, Cognitive Dysfunction,
Brain Atrophy on Hemoglobin Concentrations and Optical Pathlength at Rest in the Prefrontal Cortex: A
Time-Resolved Spectroscopy Study,” Applied Sciences, Vol. 9, Paper No. 2209, pp. 1 — 11 (2019). (IF =
2.408).2019 &£ 5 B

3. (HFErhBE) MRHERE, WRb7E, ROMREER], (LB=E, ENERE, AIaE, 1RERE, B
fretd, /IvtheE—, §5KREE5h, BREIK, 4558 2019-132298 (20194 7 B 17 HIERE). 2019 78

4. (BFEE) WEBE, \WA=E, DHEFRNDEICKDIHZEMBRIE-DIEFENRRNS RIZIHE
BEEMAERERA-1, 2019 FEBADNFRFERBESR, 2019F 5 A 14-16 H, FEFFAET.
20195 H

5. (OEExER) BARIK, RS54, WHZ=E, FEGE, RERES, JtHSM, BRRSE, Ve
Z, Ef=tE, SR, [BREMRBEDTZSHDETRINEIEZ AUV CIRERABERIE S AT ADRF],
BHANXFES 0OPJ2019, 2019 12 B2 H~5H, Kk, 2019&F 12 8

6. (EEXER) MEFEA, TTHEET, J\LEE, SRk, KRS, ETREBE, \LBEFELE, HRE
X, [REDEFRIMIRHFRINES =1L —> 3 2 (CHITDRA - REFEMHS KUIRIN - BRELRT
D&Y, BANEFS 0PI2019, 2019 12 A2 H~5H, KR, 2019 12 A
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IETRSMVBIE Y 7 FIA U T IFREE M - 550k X O S X ADRF:
SEDHERIERD—D(FAMXTEHD, €D BN E(FEREEICERT S, IRDSIERULEENN
BEESUEDODIEES (MRIEIEOFRIAE) (CREBL, AADHEREU(ICKE(CRAT D ENREDIR
RESNTUVD. UM > TERETOERYERBZRHE TR ENTENL, RO EMRMEZ FRHA(C
AT B ENTIREE/RD, FRERBALE (CIRYID. T THA (ZEABEAMDE VAR EIRDE Y %
FIA U TCERETOENKRB AN SRE TS, IHEEN DEELREREED X &S X T LADRRFE
THEDHTND., SEEFERE (CATE UIEBMZ AR EE TIRIN T DIREERZ TR DIz, TDiE
R, EE2cm BEOET/LH#ZEL CTEXACRZSORNNSDIERNEAZRETE D EHH
BALTZ.

Haruki NIWA Laboratory

Summary (April, 2018 - March, 2019)

Development of a non-invasive pulmonary aspiration risk detection system that utilizes near infrared (NIR)
biological optical window light:

One of the main causes of death among elderly people is pneumonia. More than 90% of pneumonia in elderly
people is caused by pulmonary aspiration (mis-swallowing). As a cause of pulmonary aspiration, it is reported that
ingested food unconsciously remains in the junction of the esophagus and the trachea (piriform sinus located in
the laryngeal cavity) and flows into the trachea. If the remnant food residue in the piriform sinus can be detected
at an early stage, the risk of pulmonary aspiration can be detected, leading to the prevention of pulmonary
aspiration. We currently engage to develop a noninvasive and simple system for detecting food remains in the
piriform sinus using fluorescence in the NIR biological optical window light with high tissue permeability. In
2018, we performed model experiments for the detection of remnant food residue in the piriform sinus by utilizing
high tissue-permeable NIR region fluorescence. As a result, we found that NIR fluorescence from samples

containing a fluorescent dye could be detected through a biological tissue model of more than 2 cm thickness.
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IETRINER PRI E 7 FIFE UT=IRREE M DR R TR S A7 ARFEATRD—IRE LT, EEERS
ST+ VDOERE(RB UIRENER (ICG) SBI)LINMSDEMBREERZITOE. BEERS>
T« P OWRREIOERINIR S BEARHER Z B UK THA BRI RS2 TU -2
(ICG) EBIILUZET L, WBRIEEIEOFIAE (CATEEUZ ICG S8 I/ UM SDEARE ZRA .
TOFER, FANBEFE U NIR EHERES X T AFTDEE T ICG 283/ INSDEAZE ADKE
KA CHRETERCENERTEEOT, B R IFHHS AT A& UTHREFEFELUE.

Haruki NIWA Laboratory

Summary (April, 2019 - March, 2020)

As part of the development of non-invasive aspiration risk detection system using near-infrared (NIR)
fluorescence, we attempted to detect the NIR fluorescence from fluorescent dye (ICG) containing milk remained
in the pyriform sinus of healthy volunteers. A near infrared light source and a fluorescence detector were placed
on the throat surface of a healthy volunteer. Then the volunteer swallowed ICG-milk with measuring
fluorescence. As aresult, our designed NIR fluorescence detecting system was found to be able to detect the
fluorescence from the ICG-milk remained in piriform sinus of laryngeal cavity with sufficient intensity at the

throat surface. This fluorescence detection system was filed for a patent application.

FIRAFERE R, $55F/2E) Research achievements (published papers, patents, etc.)
568 2019-132298 : HREEE, RET5E, MURHES,
FEAE - WA =4, BN BEA, FEN JBE, 1 EXE6, B F=E, /vt £, #5K Esh,
B MK
HEFEAN 1 ERUBEART, IbBBEXE, BIOXZE
HFER : 2019/7/17
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2019 3827H (K) ~28H (K) D2 BM, SREZMRIC, MRIFS1 IH/R— MAKE>
HF— RTUT RO — ) AREREURSE (RER) Z=FHELTz.

1HO-XREBREEZ 2 —YRELUZ. 87—~ EEAURET 20, MELEL. 1 BEOREERHE
45 B E Uiz, &8N 8 AR, &SNS 228 (BN 28%) ABNILE. SMBOFEER S
BRIUTOED. EBHEFERRAEEFR 38), RRIFEXFHERZERMESEFR 348),
EEMZFFRESEFR 34), BMHEEFEFR 24%), HRAZFMENSSEFRK QB), Z8%F
R (1%), REFREFFR (18), RRAXFHEFIMBERSFIEER (18), WEFEEF
R (HR)IR, 28), BARFEEHEEFZR (FER, 18), HERFFEK BXER, 18), &
HESEFR (BHER, 148), oL ([CEEER (FIFLUE, 14).
BIgZ FEC(CoRT. RBFMEIARAFTE> T —DR—LR—Z(TH/EF SN TLD
(http://blsc.xsrv.jp/blsc-uec/wp-content/uploads/2019/04/SpringSchool H30.pdf) .

F—< 1: BHT O TVB K SRESINIE Al ZFDTHED

-18Y  BHRIETFARRIBERIFEI EEhRHIE

- KBRS : TR DO CTVVB L DR FRRHM I D Al 21> E1—5 L THEEL,
TNZEO> CTERRICFEESXFEHAMSEIER=ZIT O/,

- EHBISFT : 789 58K 201 5TEMEEERE (CED)

-SPIAE 38278 0K) 9% ;3H28H (K) 84

F—=Y2: E—33>FVvITFv—TCADBMEITERTHELS

- 1BY . EHIBTFMARRMEAIGE S AT AFHIR  MHEREZEHIR

- KBNS  BODBROEBEEZE— 3> F v ITFvr—TEDX, TDE}E%E
7t - Sl I 2 EBRZIT O,

- 357 (ABEE | PESEERETAIZE

-SHIAE:3A27H 0K) 54 ;3H288 (K) 6%

Brain Science Inspired Life Support Research Center (BLSC) Spring School for high school students.

BLSC modified part of the hands-on training course for graduate students and designed contents of the spring
school easy for high school students to learn. The third BLSC Spring School was held for 2 days, Mar. 27
(Wed.) and Mar. 28 (Thur.), 2019. Twenty-two high school students attended from Tokyo (16), Saitama (1),
Kanagawa (2), Chiba (1), Aichi (1) and Wakayama (1) prefectures. In the Spring School, two hands-on
training course were offered. Each was 1-day course of 4.5 h, which were held twice. The students tackled
subjects at the forefront of brain science research, supported by the instructors and teaching assistants. The
titles of the lectures and experiments, schedules, and numbers of participants are as follows. Details of the
Spring School are listed on the center's homepage.

(http://blsc.xsrv.jp/blsc-uec/wp-content/uploads/2019/04/SpringSchool_H30.pdf)

e Title 1: Let’s construct image processing Al like brain do.

Instructor: Professor Hayaru Shono.

Contents: After brief learning of image recognition in brain and principle of image recognition with Al, students
constructed own image recognition Al for handwriting characters and evaluated their own Al system by
recognizing test characters.

Number of students: Mar. 27 (Wed.) , 9; Mar. 28 (Thur.) , 8.

e Title 2: Let's see your movement with motion-capture.

Instructor: Professor Hidetaka Okada.

Contents: After brief learning of principle of motion-capture, movement of students was measured with a motion-
capture system and their movement characteristics were analyzed and evaluated.

Number of students: Mar. 27 (Wed.) , 5; Mar. 28 (Thur.) , 6.
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DIRZEARTE (CBE 9 DARREERVIREZHA - FHHICDNT

B4 RSA> Tl EENQREBRAEFIRE(EPS) N IVERER(CH T DEFEHEREER(C
KRBDERIED XTI T—)L RRS >S5 — RTY, EPS TOOLEMSE). LESERQE
DBGEEARZEIRDFRNEBAH B FHMENZS(ICD) DFMPBEIMBRLE XD FE T, —F. FE
{ZEER)CMEZEASE U R RRBIER & U CTLEIEZEENM (SAECG). YO0 MIL S TiK
FILAIFZ(TWA)., DIRZEET(HRV)RUNMASY — E 15> A (HRT) DB RN HR
EETNTVBEDD EPS DRABICIEED TOVRVLDHIRIR T, 4 Holter DEXT
H 24 B5REID LP, TWA OFHIEARIEE IR DIRBIRENSED DDHDEY . AFEIC
HUWLTIE. Holter LERTEHAIRIEE/IR NS D SAECG, TWA, HRV XU HRT (CDLY
THOLEI1—Z1TV\. KDIRFEEIRLEZEATE ) X TS HitiD e ge =R D £, — 7.
ERD ICD KDIKBETEMHETKR T D ENEIF SN TUV D T2 FEAHERR
HHEN2R(S-ICD) - ERE B FPFHEIZRIEIRKR COEANLEO>TLET . CNSDF
LWLVT) A DB T up date IR5ERBIC DV THINE 9.
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FEIYat  FHEHUR

IRFILDFDEF : BEE &G DERRTHR

MM B ORIR I FRIBRIROME TIE. EMICTEISERE 1 DOEERT7TO—
FC. RZEH L ITENRACRFZOREICAES<EMUTEHR L. Z<DOFENAEY
DIBDHEEF. LT TV - IILS T S—ERICEMENDIEFERIGICE O THRIES
NE9., COERIGEE. RISICEDNDILE T T U D FERIEDDHFOER(ZE
FIRENWE L, RARBONZEHTZL. RBDL DIBBHRICHEHERENDS
PREISRIGTH D . BEMEFOR[RUCEBBOAATIRT I, BEK(IEFEILOE
RALZEISHATHERZY — RUTWET, REBETIIRYILDFEAZS (T, {EFHFRD
FESENN S EA DESE S ICADIAFRDFREINRZ @R L. RIFOEM CHh DRI ILDFEN
DA EFIR T DI DEBEDEFEZ I TZWNEZEZTLET,
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Z U CIREGIHEIL 100%(CEELUTOWEEA. TETE 100% & (HTh ? —DF

[E FORBRICKDIERUBER EEETDINEN] BNEECRDTLLD. LD
2T, e FORBEIBRAIBOMEDALEA DD INEIENNER SNDTESS. | D
BN, REMRZIRSOFTLZ. UHhUIBH'S, REBRIEIFE(CHEM TH DT
&, XFiRmlcRRSNDFRREFBIRUIZD SR OB (IEATNEEA. KEKRT
(FFAEIBEZENMDBATEE, PRRORETEERLKIEETILICDWNTEITL
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EMEFETOY AT X BEhELFOBESH SIEIREZEDIEREE T

FEDER - BEED XA —BHOAEYRET (BIEEET) (CLo> TEHHEINTSD,
TDEARNRBADZZALEIBSEHELGTFORR(E. 2017 F£DJ —NVEZHEFE
DIRERDFE Uz ADEFIELTF SATEIORREFRN BB/ RIFMBIK TH D,
R FHSIEANOHFNEE > TLBIHAR I T —XTY, FEFInFET. BERET
DEEAIRIE. XIZHIE T 22 DIEaEMZRE L. BETDODFADZXLZRFRAL
TEFUR, IR TEREZF—TE JE 24 BRERSERERBEEENTLUET. AEBE
(&, B8CH—FEDDIEERRED 1 J)LNENTHWEEIN. COREICEMLIER
RBZRI BN E MU —TEDHHSNTNET, FEE. AUTAILZFIYDIR
(Peromyscus californicus, —Xx—2ZM4(Fo$8) OBAYOIO-XRIO=-—%
BhZU. ERERPEZEZE/A Free runner O EDTNDECBTY,

SZ3Hk : (1) de Groot & Rusak. Neurosci Lett. 327, 203-7 (2002). (2) Kon
et al. Nat Cell Biol. 10, 1463-9 (2008). (3) Kon et al. Genes Dev. 28, 1101-
10 (2014).
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TEDOTHAIBGRICHITDIMEOMITZEDIRINS, CNETOmMDEAZ, TEM
RBERERZIDDTHRNUEYT. COSINEKRINTSD, EWLWSEDIE, KEULRLZS
[CIFCTDULTHTIE, EWVWDSRA> MEBEGITETNIEBNET.
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MTERVFRBPAICTL, BECXZEDKLD(CEKT DN ? FEHNSERE THRLIR
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Zoltan Ungvari (Professor, Reynolds Oklahoma Center on Aging, Dept. of
Geriatric Medicine, University of Oklahoma Health Sciences Center, Oklahoma
City, USA)

IEAFMAZIE

Aging-induced neurovascular dysfunction: novel mechanisms (hl#z(C K B AxtdiE
MEDKEERRE : FTUWADZXLA)
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of Gerontology: Biological Sciences, the American Journal of Physiology-Heart
and Circulatory Physiology, GeroScience: the official journal of the American
Aging Association @ Editor Z¥6TWL\&E 9. 195 ALL_ED original paper Z publish
LTHD. Nature Review (LIS SNIZBIOFEAX (Ungvari Z, et al.,
Endothelial dysfunction and angiogenesis impairment in the ageing vasculature.
Nat. Rev. Cardiol. 2018 Sep;15(9):555-565.) ZHMCCEHEEASTET.)
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Zineb ABDERRAHMANE (Ecole Nationale Supérieure d’Hydrauliqur, Blida,
Algeria.)
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Haptic recognition of daily-life objects capable of dealing with data scarcity

Recognizing surrounding objects is an important skill for the autonomy of
robots performing in daily-life. Nowadays robots are equipped with
sophisticated sensors imitating human sensing capabilities such as touch. This
allowed to integrate information about object texture, compliance and material
ensuing from robot-object physical interaction to the recognition . In this thesis,
we aim to exploit machine learning techniques to perform haptic recognition of
daily life objects. The main challenge faced in this work is the scarcity of haptic
training data for all daily-life objects. This is due to the continuously growing
number of objects and the effort and time needed by the robot to physically
interact with each object for data collection. We solve this problem by
developing a haptic recognition framework capable of performing Zero-shot,
One-shot and Multi-shot Learning. We extend this framework by integrating
vision to enhance robots performance.
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Gerard Marriott (Professor, Department of Bioengineering, UC-
Berkeley(University of California, Berkeley), USA)
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Engineering new hydrogels for multiplexed detection of disease biomarkers and
for passive release of medications

I will present new findings from projects related to the engineering of hydrogels
to detect disease biomarkers for at-home diagnostic devices, and for passive
and long-term release of drugs to manage diseases of the eye. First, I introduce
a novel bead-based immunocomplex entrapment assay (ICEA) and a related
enzyme-linked ICEA (ELICEA) that allow for rapid and selective sequestration
and entrapment of disease biomarkers with minimal needs for user-intervention
and equipment. For example, in ICEA, target molecule-entrapment is achieved
simply by injecting a bond-cleaving buffer, while in ELICEA, one also injects a
chromogenic substrate. In both cases, sedimented beads generate brilliantly
colored or fluorescent signals whose intensity correlates linearly with the
amount of biomarker in the sample. In proof-of-practice studies, we used ICEA
and ELICEA platforms to rapidly detect the kappa-light chain, a biomarker of the
Bence-Jones disease, which we detected at a concentration that would
correspond to an early stage of the disease. We also show the ICEA and ELICEA
platforms can be used for multiplexed detection of biomarkers within individual
beads. In the second part of my presentation, I will discuss a new type of
hydrogel for long-term release of drugs to the eye, including glaucoma. In these
studies, we use betadine, an FDA-approved medication to bring about specific
chemical reactions in the eye that lead to the formation of drug-entrapped
hydrogel from fluid precursors. Further optimization of the composition and
structure of the hydrogel is used to delay the rate of drug release allowing
passive and sustained release of the medication for up to 30 days. At the end of
the therapy, the hydrogel is removed from the conjunctiva simply by bathing the
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eye in a dilute solution of cysteamine, which is also approved by the FDA to
manage ocular conditions.
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Nguyen Vu Trung (The Vice Director, National Hospital for Tropical Diseases,
Vietnam)
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Biomedical Engineering in Vietham: Application and Future Collaboration

Biomedical engineers work at the intersection of engineering, the life sciences
and healthcare. The BME take principles from applied science (including
mechanical, electrical, chemical and computer engineering) and physical
sciences (including physics, chemistry and mathematics) and apply them to
biology and medicine. Although the human body is a more complex system
than even the most sophisticated machine, many of the same concepts that go
into building and programming a machine can be applied to biological
structures and diagnostic and therapeutic tools. A biomedical engineer is
someone who analyzes and designs solutions to problems in biology and
medicine, with the goal of improving the quality and effectiveness of patient
care.

There is an increasing demand for biomedical engineers, due largely because of
the general shift towards the everyday use of machinery and technology in all
aspects of life. Biological knowledge combined with engineering principles to
address medical needs has greatly contributed to the development of both life-
changing and life-saving concepts and products such as: artificial organs;
pacemakers; artificial hips; surgical robots; advanced prosthetics; and kidney
dialysis. Even, for some kinds of diseases like infectious diseases, there are still
a lot of needs for the BME to apply the technology for diagnosis, care and
treament for patients. Since infectious diseases progress fast and have some
simptom changes over the time. In addition, the possibility of transmission
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make the close contack risky for medical staffs and others. The application of
non-contact approches could be of trend for the future in medical settings and
home care.

Further more, in many LMIC, the medical training programs still lack the
subjects of BME, so that later on, in health care settings, even in the big or
national hospitals, there are not many biomedical engineers to take care of the
machines, equipments.

In the future, the collaboration between the medical staffs and the biomedical
engineers is impactul association not only for training, research but also for
health care practices in order to bring the advances in technology for patients
and community.

%£84[E 2020%1H10H (&) 13:00 - 14:30

BRUBEKRY H3SE(FAVYT:27 &) 306 F

Vasileios Tserolas (BKUBEAFE i - ELFMAFRLEZ> Y — HRE)
H % $EHR

Spiking neural networks as a paradigm of artificial intelligence

There is a long-lasting dream in creating artificial intelligence (AI). Today’s
artificial intelligence is not yet there. The approach of today is to implement
algorithms based on insights of human engineering. Hence, much effort is
being invested into engineering new learning algorithms and information
processing systems. The hope is that a right set of algorithms will be eventually
created - making up a machine that will be able to learn on its own to the
extent of becoming an AI. New general algorithms, once that could bring us
closer to Al, do not seem to come out easily from such efforts. Some of the
best general algorithms used today (e.g., deep learning) stem largely from
1980’s. The current Al technologies can do very well some things that require
effort for a human (e.g., calculating prime numbers, searching databases) but
have difficulties doing things that are for humans easy (e.g., perceiving,
walking, navigating through space). So, what can we do? Is there any
alternative or are we simply stuck with specialized AI?

For further developments of Al, we are in a need of using principles of biology
to a higher degree than what we have been able to do so far. The new
developments of Al must be based on a new theoretical approach on how
biology and brain work resulting in a radically new view on what the nature of
mental and cognitive operation is. Brains have evolved to control bodies in a
very sophisticated way. Hence their abilities to quickly perceive the
environment, rapidly detect statistical anomalies, control multiple degrees of
freedom in real time, accumulate knowledge from many modalities, self-wire
(learn) to optimize future behavior. When an animal navigates in the world,
neurons can flexibly represent the position of the animal in a given
environment, the composition of the environment, the head direction, the
running speed, etc. These mental representations of the world are flexible and
dynamic, determined and modulated by a range of environmental, behavioral,
and neural parameters. In a similar way, to create biological-like Al it is
necessary to mimic biology in respect to the levels of organization at which a
biological agent adapts to its environment.

A good model problem for that is the control of an autonomous robot. Spiking
neural networks (SNN) provide enormously rich expressing power but are not
easy to control and very likely a pile of research will need to go into that field
before first spiking chips will show amazing capabilities. Nevertheless, I believe
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that this is the right direction to go, in the long run.
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