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Abstract—We have demonstrated the existence of disinhibition
interhemispheric pathway in the monkeys with spinal cord injury
using electrophysiology and aged humans using fMRI. We are
also studying the involvement of dopamine system in the global
disinhibition I the rodent model.
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Abstract—In the FY2020, our experimental studies were
basically halted under the effect of Covid19. However, we’ve made
significant progresses for data analysis as well an writing
manuscripts.
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Abstract— The present research project (A04) is designed to test
the hypothesis that the alteration of neural dynamics following
abnormal DA or ACh neurotransmissions may lead to the change
of “rule of the conduct” as an underlying mechanism of “hyper-
adaptation”. For this purpose, we employed both basic animal
studies and clinical human studies in elder persons. In the second
year, Takakusaki and colleagues examined the role of the parietal
cortex in the optimization of predictive postural control during
multi-task voluntary movements (from gaze fixation in quiet
standing to postural preparation and forelimb reaching) in the cat.
Hanakawa and colleagues used a simultaneous EEG-fMRI for
evaluating a dynamic profile of functional connectivity between
distinct neural networks. They also examine neuromelanin MRI
and DA transporter (DAT) SPECT for evaluation of dopamine
systems. These studies will clarify relationship across cognitive
functions, neural network dynamics and neurotransmitters
underlying the generation of hyper-adaptation.
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EDRRIEME N D D)% iR L7z (Fig.1Bb, Cb) . PRIFATH
FEC A= NV ERR BN T DL, LB A ] o B 3
IRIERE CVP B DA, Sy AifaPHOHE )N, BB EEREDR
DHRFROONT. —F, BB ~D L E— VIEANIT, FEHY
TEARSEE OB E B INE Y —F o 7 I BT AR DR %
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ZEGHIENC, SMAET T B2 —F > ZEEOHIEICE 5
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Fig. 1. Forelimb reaching task in the cat.
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TREEAY N —7, PV 23y MU= BIW
HRRFEIT R Y MU — 27 DBIRERYIT — & ZfhiH L, fMRI
BEoOxRy N =7 OB (FC) %, FFHEZ XG>
THFTT D LW FCIZF A T2 v 7 ICE#T 5. 49
DXy NI =7 OEEBRE = NZOWNWTDT TAKY v
TR ZATO &, Fv N =7 NEICHAETHIREEL,
BRIZHEA T 2IRRED D L h 2 DORENFET D Z
LB SN2~ 7=, PADNIBFZE [1] DEEAE MRI 5 — 4

Fig. 1. Dense and sparse states of functinal connectivity across default
mode network, salience network, dorsal attentional network, and central
executive network.
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WFZE 3 HE OB GRELRF/NCNP) & D 7 v—713,
PD (2B THERMIE L T & 7= DAT SPECT (2% CiF
I DA FEA RIS AT REZ: MR AT & L CHEH ST
% neuromelanin MRI O ¥} & #fk A0 EREMEEH D 7= 5 D
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72U, BE DA BEAZ M35 LS o5 neuromelanin MRI
DAL NTANDIEFRAITII AR S e, W TL T
FIRRFIHIT > TV,

REFERENCES

[17] T. Hanakawa: Parkinson’s disease and Alzheimer’s disease Dimensional
Neuroimaging Initiative in Japan. Dementia Japan 35:39-44, 2021.

[2] K. Yoshinaga, M. Matsuhashi, T. Mima, H. Fukuyama, R. Takahshi, T.
Hanakawa, A. Ikeda: Comparison of different phase synchronization
measures for identifying event-related functional connectivity in human
magnetoencephalographic and simulated data. Front Neurosci 14:648,
2020.

[3] D. Nishida, K. Mizuno, E. Yamada, T. Hanakawa, M. Liu, T. Tsuji: The
physiological mechanism of gait improvement with rhythmic sound
stimulation in patients with Parkinson's disease — A functional MRI study.
Parkinson Relat Disord (in press).



A05-1 WH7EIHE B ORI S

HIIT fh—
HAL KRR BRE TR 5 R

Abstract—{ZEF % O _LEFREOREICHERFENSEE L
En3N, BREORE ZEEICEZHERERANRSH (1] AEE
AOEBERIIZRKICHEZN, FEBEBROERNIERE SH
TW3., BRI INETIE, FRBEEEEEOREEZESR
L, BHEHOZREERERZSFEEROMED SFHAI L=
DTOMREZRE. LiL, BENMSBEHETICELIFE
BEMEE, EEEAEERS IO EEORINEARARIN
SDOBDOBMRIITHTH o=, AL TIX, WMEFEE L5
Gl L, FEEREELFEREREERZENEINEEFH
LLEYEAFEE AV TREBICHBEIL . £, Bow
W72 % k% MRI - DTI ZFAWTCEHAIL, Zh boEEERE
R BBEROMAL B8 L. REEIIMETEE 30 fiz
&L, sHHUHEAME 0T — & 847 & B T okt
T—2 B EITo 7.
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MMAE R DR Il L7 fEE & L CT—RIRNEERR S
OFMANZE = 5 ERERRE R H 0, idzaH S O 80%LL E
DA Z OREZRBR L, 40%LL BBy T
B BEENFRAET H[2]. REORREIL B AATEEEIC
ZhHZ, QOLZZF LLHER I &L I TW5H[3]

BRI T DR 72 U N ) T — v 3 v AN
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SR ERS 2R L C B ARTS CORERE O H 22 L,
R T2 R 2 I LR 25 &0 ) 2R MEARMHZ T
R % CI ¥k, (Rl ERE, EH)#8%, Bran-
computer interface (BCI) , {KAHELZE (VR) , fRFHE
B CIEBEER, oRy NI, MRESRI, FER
BRI 72 E e SNUTWA4]. L, MMz
R OJRRE L [AIEIBFE X2 TH Y, T E KL TA
FNFANIMENZEZD K EZ V. il 2 DRBEFIC & OIREHIT
ATV I W E R TR TR, F
72, MEx IRIBEEIROMEE LI SN TWE D, il
RHAEOREEE # A 2 ZIEH BT R WVS).

INSOMBEERT D720, Fox 1T H i eEEg
(RN B IR SR B D ZE B O FAR & I - B iRrES 25
L) (2014~2018 ) IZU B U TF—3 3 VEEHRE
ELTEE L, VAT ALY, MEFONEE & ILFE T
b & AR Z AT DA (NN IRREBL) OERE
BOBHEET VICK DB LEZOET VIS U Y
V7 —a IREORBICRYEATEZ. Zhbn—
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Assessment (FMA) , ##EAERE S OFFAH & LT Action
Research Arm Test (ARAT) ZHIE L7=. AIENO B
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(Fig. 1A) . HIEMMIZ 3 A E L, 1 B EERRILE
REFLGLENRRFETE L2, AR EEND BTN L
7o, RERRA T HHE L LT, BMETOHRERR
PEVE B 2 1R RIS R AR CHlE L 72[6]. MATLAB
(MathWorks, version 2017b, USA) T T i H
A ZER L7z (Fig. 1B) . BRI T3 2 & (R R
PREEOBEHERT AT-0I2, BIET ORI
IR SV BE O SO RERE] O S35 & JFRIE T _E ORI s
PR SN T2 BE O OGR4 % BN T B % R 12 1)
TOENAHFEERMETEOE L TEFZ L. MIEENX
fMRI |2 CHEFR L7-(Fig. 1C). #EEFREIX, THROHE
Hi - fEEEEZ 1Hz ORX—RAT{Fo7-. 30 BED7 o
v I TWA AW (30 B4, 30 B TR4RES)) |
B, JERRET, WED 3L EITo7-. e L-H
%1%, MATLAB O@EMEREE T T, MMEEEGAET Y 7



N7 =7 Téh% SPMI2 (Statistical Parametric Mapping :
Wellcome Trust Center for Neuroimaging, University College
London, UK) #H\, AILEREZ{T -7z, AiLEEOT
— 2 &2 MW, EARAT - LT 21T - 7.

MR T O AEY) F—2 a LT, £
WRRICE DR 7ol H OFESENRIE - BRI L 2 F2fi L 7o
(PR, ADL AIE, B & - A05HE) . Rk
HONFEELRIT, 1 A 1 REOBEELS N BT v 7
7 . Graded Repetitive Arm Supplementary Program
(GRASP) # W THEHI L 72[7].

A. G B R DI LI DRERE - E/TH
[ - GIRE# DXL

i 2 W) 2R R oo R e (FMA,
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U7e. RREBERSERE & B RRERMEEE T 1 o A T
L, 6 #» HETOEITESNE o7z, FIRFFRETER
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EWIREREZRHLNTT 5.
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PR RE R AR AT I L 0, IRREE T ) IRE 0D I Vi )
DA T TR, W L 7p - 7= e B OGN 2 Hi
2 BT, B U7-FERE - &M 2 Sois U C MR
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AN B% HE 048 O BUASRE 2, &3> C Diffusion tensor
imaging (DTI) Z#Rf% L, MMHEEIC L DR EHFRHEE 41X
U &I HENRRy U7 OWREZFTMEIL-. £

T O FHERHE DAL Z MR D 72812 TBSS 2477

F72, WEEZORIEICERE LS 2 505 ROk E H
VW7o ROI fEbT & 550E L7=. HEKIZES9 5 DTI fi#fric
OWTIEEEERNTONTRBY, LY IEMRT—4%
152 1O R AT FIEOMSL 2 B L=, BERG
SNTEg T — % & D ORI 2 R AR A 15
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Abstract— Clinical studies have shown that patients
with anxiety disorders exhibited coactivation of limbic
cortices and basal ganglia. We hypothesized that excessive
synchronization of the neural oscillations of the cortical-
striatal network could be involved in the induction of the
abnormal anxiety states. To investigate this, we will
produce a monkey model of an anxiety disorder using the
electrical stimulation of the striatum. Using a multi-site
neural recording method, we will simultaneously record
neural activity in the network of the limbic cortex and
striatum. We will analyze how the activities of each region
synchronized during the pathologically anxiety state and
recovery phases.
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WEFEARFRE 1L, AR B B ATES (pregenual anterior
cingulate cortex, pACC) % Fl» & L 72ili% % DM E)
DR R [FEH S RE R ARZIRE A 5 i 23 & DGR
ENTTle, TNEMRD720, AWFFEHEE TlL, v F
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W45,

. Y

AWFREE O BRI B E LT, £ 2 E TRE
FIN~ VT A PRRERIEIC L Vs L TE 72, pACC,
subgenual cingulate cortex (SCC) O [H D ARG B DE NS,
ST &Y AL (local field potential, LFP) O [RI#AEL S 72 & %
AT L. RIIC L - TREE SN D RLREE & 2 o[BIk
BT, MREEICRIMIBIR N E D X 5 I T 2 0% B
DM D, ZHE T, #irEkEE o g Bk E R E

(approach-avoidance decision-making task) % V>, <%
7 PV ORLAER A ERmAICIRY |, BREEROBUINE
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ZaHT 5,
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Y 72 fi B
FT, Foxid EMIw B P LRBEO B ERE AT > T
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MIZL ., Biol Psychiatry F8IZ TR L72[4],
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TR AN A — L ECTH DL -
ZZeX I | EINFEICTREL[5], Fig. 1. pACC 7
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F23%0 (Fig. 1), Ay hT—7% KL T g
WHZEERZEX LD, REERKIZ DD
H5F3 NI =7 DFEMEBH LML 2255 (Fig. 2), —#OD
fi 4 | BILE Frontiers 38123 H 1 CTHD[6],
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v hU— 7 OFEAFER S GBR O F &,

B. pACC, SCC. #&ik7e EORLZHER v FT—2 7p
b ORISR L = b — L AT
WIZ, Foxld, RREEER D SRIGHE D 2 OTRE
AR (DBS) O EE/AR% —4 hThHD SCC[7] L.
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Abstract—In order to elucidate the Hyper-Adaptability
mechanism of motor function under aging and pathological
condition, it is essential to understand hyper-adaptability of the
premotor cortex that integrates the information top down from
the prefrontal cortex and bottom up from the parietal lobe. We
record electrocorticogram (ECoG) in epilepsy patients who
undergo intracranial electrode implantation in the frontal and
parietal lobes for preoperative evaluation of epilepsy surgery.
We probe neural signatures of higher-order motor control by
recording wide-band ECoG activities during higher-order motor
tasks. In order to understand the brain network associated with
motor control, we make an electrophysiological connectome by
using cortico-cortical evoked potentials (CCEPs) as an index of
effective connectivity, which were obtained by systemic
evaluation of the whole implanted electrodes. We extract
structural features such as cluster coefficient or centrality, and
attempt to clarify modifications of the connectome by epilepsy
pathology or variations by different strategies for higher-order
motor tasks.
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Abstract—Model rats for Parkinson’s disease generated by
degeneration of nigrostriatal dopamine neurons impairs
the acquisition of sensory discrimination learning, but the
impairment is recovered gradually through the continuous
trials. To understand this recovery mechanism, our
research group aims to addres the role of dopaminergic
neuronal pathway originating from the ventral tegmental
area (VTA) and projecting to the nucleus accumbens
(NAc) in the learning recovery.
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Abstract—In the FY2020, we established the methods for our
project such as multi-electrode analysis from the cerebellum and
double-virus infection into dentate nucleus and red nucleus,
showing that we are ready to analysis for our project in near
future.
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Abstract—Animals that have experienced strong aversive
experiences fall into mal-adaptation states in which they cannot
take adaptive behaviors due to the fearful memories. Through
the following hyper-adaptation process, the animals recover their
adaptive behaviors. Accumulating evidence suggests that
multiple brain regions such as amygdala, ventral hippocampus,
and prefrontal cortex are involved in the fear memory related
transitions to the mal-adaptation states and ones to the hyper-
adaptation states, but it is still elusive how inter-regional
networks change through these state transitions. Furthermore, it
is barely known what kind of network activities regulates the
changes. To elucidate these points, we performed simultaneous
large-scale electrophysiological recording in the amygdala,
ventral hippocampus, and prelimbic cortex of fear-conditioned
rats. We found that amygdala—prelimbic cortex and ventral
hippocampus—prelimbic cortex cell ensemble pairs coactivated in
post- but not in pre-conditioning non-rapid eye movement sleep
epochs. We also observed that these inter-regional coactivations
were hosted by fast network oscillations. These findings suggest
fast oscillation may regulate inter-regional communications that
are crucial for the transition to mal-adaptation states. Further
studies are warranted to elucidate how inter-regional ensemble
coactivations are involved in the hyper-adaptation process.
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Abstract—Hand choices—deciding which hand to use to reach
for targets—represent continuous, daily, unconscious decisions.
The posterior parietal cortex (PPC) contralateral to the selected
hand is activated during a hand-choice task, and disruption of left
PPC activity with a single-pulse transcranial magnetic stimulation
prior to the execution of the motion suppresses the choice to use
the right hand but not vice versa. These findings imply the
involvement of either bilateral or left PPC in hand choice. To
determine whether the effects of PPC’s activity are essential
and/or symmetrical in hand choice, we increased or decreased
PPC excitability in 16 healthy participants using transcranial
direct current stimulation (tDCS; 10 min, 2 mA, 5% 7 cm) and
examined its online and residual effects on hand-choice
probability and reaction time. After the right PPC was stimulated
with an anode and the left PPC with a cathode, the probability of
left-hand choice significantly increased and reaction time
significantly decreased. However, no significant changes were
observed with the stimulation of the right PPC with a cathode and
the left PPC with an anode. These findings, thus, reveal the
asymmetry of PPC-mediated regulation in hand choice.
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Abstract—One of the inevitable changes faced by animals is the
"aging'" and the search for a desirable adaptation to the inevitable
changes is an unavoidable problem in the aging society, which is
becoming increasingly serious. Also, although "aging" is a risk
factor for many neurodegenerative diseases, few studies have
clearly delineated the relationship between aging and disease
factors. Is the decline in neurotransmitters as a result of
degeneration of certain nerve cells the only cause of
neurodegenerative disease in older people? Or does the age-related
decline in physical function affect the rearrangement of neural
circuits? In other words, the possibility that neurons degenerate
gradually over time and that the neural pathways may be
rearranged to compensate for the effects of their slow decrease in
dopamine has also been completely ignored. In this study, we
investigate how the basal ganglia pathways are adaptively
rearranged in young and old animals, isolating aging from
neurotransmitter effects.
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Abstract—Previous studies have mainly focused on the
transplantation of cell suspension and have not established a
method to create the neural circuit. In this study, the aim is to
develop techniques to improve brain functions by using hyper-
adaptability. In details, the transplantation of neuronal fibers
could bypass the damaged areas of the brain. And then, we reveal
the neural activity during the recovery of brain function with in
vivo calcium imaging.
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Abstract— In the present research project, we have
investigated neuronal plastic changes, which underlie both motor
recovery and pain syndromes after brain damage, using macaque
models. In the studies reported here, we examined temporal
changes of macrophages and microglia (M®/MG) after focal
infarction of the internal capsule using a macaque model we
recently established. Immunoreactivity for Ibal, a general
marker for M®/MG, in the periinfarct core gradually increased
from 0 days to 2-3 weeks after infarction, and the increased
immunoreactivity continued at least until 6 months. We also
found that Ibal-positive M®/MG transiently increased in layer V
during several weeks after the infarction. Therefore, the time
course of M®/MG activation differs between the perilesional
area and the remote brain area where secondary damage occurs
to tissue initially preserved after the infarct. Detailed analyses
using the functional phenotype markers as well as cytokines
released by cells with each phenotype suggest an anti-
inflammatory role for activated M®/MG both in the periinfarct
core during the chronic phase and in the primary motor cortex.
In addition, to investigate changes in neuronal structures
associated with central post-stroke pain (CPSP), we performed
voxel-based morphometry (VBM) using T1-weighted magnetic
resonance imaging and immunohistochemical analysis with our
established CPSP monkey model. The present VBM analysis
revealed a decrease in gray matter volume in the pain-related
areas after weeks. Furthermore, immunohistochemical staining
in the ipsilesional posterior insular cortex (ipsi-PIC), where the
greatest reduction in gray matter volume was observed in the
VBM result, displayed a significant reduction in both excitatory
and inhibitory synaptic terminals compared to intact monkeys.
Our results suggest that progressive changes in neuronal
morphology, including synaptic loss in the ipsi-PIC, are involved
in the pathogenesis of CPSP.
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stage to Half year after infarction. (C) Quantitative analysis of Ibal
immunoreactivity in the periinfarct core. Ibal immunoreactivity in the
periinfarct core gradually increased from Initial stage to Middle stage.
Although the immunoreactivity then decreased, it remained significantly
elevated relative to the intact animals until Half year, the last time period
assessed after infarction. **P < 0.01, ****P < 0.0001 (Kruskal-Wallis one-
way analysis of variance and Dunn’s post hoc test). Scale bars =200 um in A;
50 um in B.
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Fig. 2. Time-dependent changes of Ibal-immunoreactivity in the primary
motor cortex. (A) Lower-magnification image of immunoreactivity for Ibal at
Middle stage. (B, C) Higher-magnification images of immunoreactivity for
Ibal in layers V (B) and Il (C) in the intact tissue and at different time
periods after infarction. (D, E) Quantitative analysis indicated that Ibal-
immunoreactivity in layer VV was significantly higher at Middle stage than in
the intact animals and animals at other periods after infarction (D), whereas no
increase was observed in layer Il (E). ***P < 0.001, ****P < 0.0001
(Kruskal-Wallis one-way analysis of variance and Dunn’s post hoc test).
Scale bars =200 pm in A; 50 um in B, C.
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Abstract— Unilateral spatial neglect (USN) is a phenomenon
characterized by an inability to response to the contralateral
stimuli in patients with damages in the (mainly right) brain. Our
group (A05-17) aims to establish an animal model of USN by
making surgical lesions in the ventral attention network of
common marmosets. In this fiscal year, we tried to establish 1)
the target of the lesion, 2) how to evaluate their behavior and 3)
how to measure the brain activity. For 1), we identified temporo-
parieto-occipital association area using electrocorticogram
(ECoG). For 2), we established the methods for eye-tracking
during free-viewing. For 3), we succeeded in measuring Ca
signals from the posterior parietal cortex.
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Fig. 1. Candidate of the lesion site
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Fig. 3. Detection of saccades

F2. R V—T L odEFRICEBWT, 7
V—ba—A U THO~—Fky N OBBRNLE TR
BEEMEBIO@EmWE ZAICHE SND Z EICH>WVWTHAL
ML TWB[4],

C. M EhFHTE DS

INETOMRERERFICL DA 7 P LErtil L
7o 28R TlX. resting-state fMRI Z# M T, BOLD ¥ 7}
v ORI (W o D BERERURE AR 3 2 (T A E)
THZEEHLNITL TN D,

~—Fty MZBWTIE, S OIZFEMARMNN A T =
R LOfFE%E H¥8 LT, 96ch ECoG FEM[2]IZ & 5 2 KK
TOFy NU—27IKBEOFHA, = L THHEEEN Ca A A
— v 7 3 E (Inscopix 1 nVoke)lZ X 2 JFHTEIEE TH L% =
o — B RSB ORI A2 A S b T <,

ZHVE TIZ 96ch ECoG EMRIZ L A Feek Tl A
RS 2~y FiEICB T AR OTEZ T T L,

TV —VbEa—Ar THOIEBOFRNZEKI LT 5, ¥
v or— ROBMERER A2 /= ECoG v 7 F Va2 LT-
L2 A, Yo r— NICBEET BN AIGEE ST, HIEE
HAE, FEIEHEASE PPC btk SNz, b DENL
Iy — ROmEICL > TR HZEE AR LT,

INGDOT—HETIZLT, Ca A A=Y T 51T D
MMERAL & U CIREETEE A8 PPC 28R L7=, AAV (T X
5T GCaMP6 #E AL, TET-off ¥ AT A& FANTL
FVEEE LTZ[5], ZORER, PPC LY Ca A A—T
T 54T H T &R LT (Fig. 4 /%),

Ca imaging from PPC

Ca imaging
during free-viewing

—

=

e ———

20 40 60
Time (sec)

Fig. 4. Ca imaging from PPC

7V =¥ a—A 7 hOIEEFE(Fig. 4 £)TIE,
TR OB TRBI O v — RICBEE L CFEET5 7
F V& EE LTz,

V. Bbbiz

AKEET~—T v b AW EE T 5 L
DFESL DT DI MBI IR IFIEDOMESL B AT - T, S H%IE
WAEPE LI O MRS ZBR O FZHIC M TS HIZFERT —
HEMZ T,

REFERENCES

[1] Majka, P., Bednarek, S., Chan, J.M., Jermakow, N., Liu, C., Saworska,
G., Worthy, K.H., Silva, A.C., W¢jcik, D.K., and Rosa, M.G.P. (2021).
Histology-Based Average Template of the Marmoset Cortex With
Probabilistic Localization of Cytoarchitectural Areas. Neuroimage 226,
117625.

[2] Komatsu, M., Kaneko, T., Okano, H., and Ichinohe, N. (2019). Chronic
Implantation of Whole-cortical Electrocorticographic Array in the
Common Marmoset. J. Vis. Exp. 221, 4-9.

[3] Yoshida, M., Itti, L., Berg, D.J., Ikeda, T., Kato, R., Takaura, K., White,
B.J., Munoz, D.P., and Isa, T. (2012). Residual attention guidance in
blindsight monkeys watching complex natural scenes. Curr. Biol. 22,
1429-1434.

[4] Chen, C.-Y., Matrov, D., Veale, R.E., Onoe, H., Yoshida, M., Miura, K.,
and Isa, T. (2020). Properties of visually-guided saccadic behavior and
bottom-up attention in marmoset, macaque, and human. J. Neurophysiol.
437-457.

[5] Sadakane, O., Masamizu, Y., Watakabe, A., Terada, S.-1., Ohtsuka, M.,
Takaji, M., Mizukami, H., Ozawa, K., Kawasaki, H., Matsuzaki, M., et
al. (2015). Long-Term Two-Photon Calcium Imaging of Neuronal
Populations with Subcellular Resolution in Adult Non-human Primates.
Cell Rep. 13, 1989-1999.



Bif (A7 L T%) OIS

T B
R LRZERZERE LM Eb
t_kondo@cc.tuat.ac.jp

1. B8N

VAT LA TEHETI, MEEGRIEEEE 7Bz & 2
GBS OMREAE HIEL T\W5. ARFESFEDHEEEIZ B W T,
VAT LTZRRRTREBKNEE E UTIX, UTF3
BRI ON5S.

o BT FIUREEIC & B HfR O

o KRR DOR % H - 7= v AT - BRI DBAFE

o Wi ERRINHORE

WA 2B ETFT VAT B720021F, fREIS - LY
FERBOT— R PO HRINDEHED L ICBRE2ITT
ETFNMLTBEHRTAS ARV ZRAETFI, Za—F )%k MR
COBEBIMERTETIVEREL, FD/XT7 A —X % B
HRTNVNI) AL L > THRBEF2a—=V 0 T5TI7v7
R 2 AETI, BoNIZFOMG2HMAEDLERLIT LA
Ry ZAETFAND 5. BHIIAREETIE, MREEZAH
RAEBKIZHAAATE T VAR 2 AT VLD,
BEHEE M RE NG IR T 2 — T « v U Hili 2 R T 5.

ABE S BI R ORI A CEERZ &1L, HEBEROM
BICID L Z e TH B, ZOLODFHERE LT, AMEE
T, BRT 1+ v 7N AR EZREL TV, £
DFEBUTIE, EBRAM: 2 MHIT B 720 O 2/ AHAT - ¥
2 TR L, VAT LALEMEE S MRk R
BCHEMIIZBET I EAEETHD. ORT 1 VI
AR R 2k 0 BAREI & U T, BEREHEE W] RE 22 I R
FaA—F 1 v T OFERITE DN TR E AL % JilE T %
Ze®, aRy FEHWEZBRE - EEBAON ARENE X
55, LEA->T, ZOHKDZOHIZEETIVRREY
AR

7z, ETNVEMETLIHMNE LT, EBRLTWRWVWE
FETRDIBENETFHITEZENEITOENE. LT,
BELEZETIUIZESWTYIal—Ya vaTwy, F0
FERICE DD WTH - LEREHZRET S, VAT
LTI /F I N ZE DV DOTH 5.

1. PERERK
RO HKZET S 7-0, BIHZIXEEFRE L T4 D
DOWFZEIEE, ABEFEE LT 11 OEEENZEI N TY
5. BWREE OMKRE & AREEDOH D FHAIZDNWTIIRIZ
fERIZ IR RS,

WZRIEH BO1 RS O BRI D BRI HED
 FBH IS A = X LDETFIMAL

WroeEkE apk iz (RITR), s id T3 EN
CREJTTEER)

WHFEREEE « ALV DINTEED - FhEE) - 1787 & DR
TNVFE—ZNT - XDOERITHDEREELERLT S
ETMEFEEZRET DL LT, ST ICR o8

FHNEIDROR A 1= XA L% ETFTIALL, BRSO FEHER
e HEEEORI I M. REEX, TvV
VO RRIZ & BIEES (M) 2o OREME B8NS S 7
FE&EHEE (TVGL) IEDFRE - FAfi, —EEEIC Xk 2 %80
HADHEBOET M| IaL—Ya Yy, FEEOHEG
HaEEDLEEFHZEORY NOAFILHAFH 7 LITY XLD
EF AR EIZHL D AT,

WZEIEE B02 BREEADB#EIGD T T IV

frgeRRE ANt FRRE (BRTK), BZea g M5 MU
(EBEKR)

TFZEHIEE « AR E AR > TH: U % ARG o RS R o
UM E, NEXRE T DIEFMERL S CIZHEE
ETFINVERAWEEITICE > THRIAT 5. REEIX, VLo
MEREZ Y I 2L — NI AHEKRRETIVORE, NS
WT I—F 1 V22 & B EMESRAREOMIIZEL Y HA 7.

WZRIEE B03  FRE - BENCEH U BEICERD Y AT
DR AR & FEB

rgefzRE BE — (HK), WhgeaE i w G
X), ¢ (HK), 2 # (Juk)

MR « BRAICIEEI DM TENMEIG, EBY I RITT R
BE VAT LRMZHSNIZL, FhEd AR U AN
VY FERRET LI 2HET. AREEIE, #HEEARK
WWEHULZ VRIEEN Y N ) Y AT ADOREE, EH)HEIHE O
ZABIT RS 2 K OBUK X ANEB) I KIE T RE O fRT,
WiE 1 E R & BN EET ORI E, | o sk
ORY Y=V a5 v XADOBFITE D KA.

F5EIEHE Bo4  ZEHIMNZ B 1) SR EME O 2%
EUBEEGET ) v

FeREH KH IE GRK), s EE g 5 A GRK)
RGeS« N—F 2 VIRBFIZALONDE Y ILF R A
T ORBAGIHEEEDIK T 2, HREEMEDO XA FI T A
WETAI 20l Rprs, TEHERDOY 0L N)IVET
ZREEMIZET VL, BB ZIRE T2 2 2 HIET.
AAEEEIX, TN E TITHF L R R BRI T T VI E]
JESBER Z L 2RI OB A, < ILF X A7 T OLREH
2B B HRAEEYE OB EIMGE, MBS~ Y A€
TN DIER S EIVZHL D $HA 7.

WF2IEE BOS A5

AREEPSLATIZRT 11 HEOAFEMELIMb 72, %
MEEEHDAEEDOKRIX, ThEFhomEEE2SHIN
VAR



WL B05-1  REMRALFE I BT 5EE) > F ¥ —FH
DA I =X 1 DF

zeERE I8 7 (RIEK)
WZRIEH B05-2  BANL— THHESHIEANELY AT L& AW
77 T AL A R 0 I RE T D fRIH
g aRE Wi ki (BK)
WiZEIEE B05-3 A OMEAK B ERERIINT 5 Z 1T
JEB DG A /7= X I
WhgeaRE KIE EE (HKR)
W22 T8 H B05-4 ARG ORI M) 72 R BB R R B D
A€ & IR BRI & 2 BafE
zeakE mah thk (RREERIK)
W72 IEH B05-5 BARMOEBMERIZE DO L X1 F
I AOHMAETS EHEEETIVORFK
g RaRE IR #h— (FRiE oK)
WZeIEE B05-6 BiRfbxnzaRy b7 —LAAD AT &
B 3BT ARF O FRIEE T IS S B R
MEMAREE BEAN TA (ZKR)
e E B05-7 & MIALEBADRIREIEORAN A 77 = X
MBS B Y AT L TS
o RE Wh Fff (BR)
WZEIEH B05-8 R TEREA DG % W 88123 2 BRI
ek e 7L
MEMREE AR —5 (HILEFEKR)
WIZ2EE B05-9 74 5 — 4 — RIS EIMEMILIC & 51
EHEBEEEDY D 72 & T & E O EE)
whzefERE Bm K (GZafEx)
WF9ZIEE BO5-10 VR UV ANY ) F—3 a vizsi 550
BHrat ADETIVLE VYY) BIEOREL
zefERE WEe &l (NID
52 H BOS-11  fiE s Sk D 2l 7 2 b % M 5 FEe i
BB RE-HEE R 1 F I 7 A0
MERFRE &R B2E (HX)
II1. JEEHR &
AL, e U TUTOEE %2175 7=
« 202047 H 18 H IEEE EMBC2020 Workshop (4> <
1)
I FHEDEZHL YT VTORMEL o 7. KHME
AR, A4 THH O EEAREEE, BO1 HE OMAGLHE
B%, TIHEWEBEZ, B04 IEHHE O EEEBIE, BO3HHEH D%
WBIRIZ L DWERERLD O, ERLERD ITDONT.
e 2020411 H7H BMRE (X571 YV)
NEMEEL BYA U N—LEIZL WD TOMEE
BAYIA Y (Zoom) \[ZK0EMU . HIE, $458
DBMPH Y, SHOEEETGIED & TIERTERD
fThihr-.

IV. 5D FE
2021 £EfE 1%, B IO THRZEIEE HMHELE L TV B A58
T ENK - ®ETIULT Tu—FOBEL ST AR
YU, MY 7 ZEIZEHE - AFEMFEOR TEIZHEMRT S
I TSRS B, £/, INHRRIZEE e o - 4L
EIRFSE % ARGEIZBIIA S 5.



B01-1Ff5E

BB DO FRMRES

TRk B
R R TRFRF G THWTEbL

t_kondo@cc.tuat.ac.jp

Abstract— To understand the adaptability mechanism of a
large-scale and complex network system such as the brain,
constructive approach is indispensable, where a phenomenon
can be modeled with the minimum degrees of freedom, and
behavior of the model is verified by computer simulations.
This research project aims to realize systems modeling of
hyper-adaptability mechanism with functional dis-inhibition”
observed in the impaired brain, especially from the viewpoint
of reconstruction of neural structure.
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Tensor decomposition and TVGL with GGM for brain modeling.
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Fig. 2. Constructive modeling approach.
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Model-based robotic intervention for adaptability.

REFERENCES

[1] Sakai, K., Yano, S., and Kondo, T., Extraction of graphical structure
embedded in human periodic motions, Proc. the 42nd Annual Interna-
tional Conference of the IEEE Engineering in Medicine and Biology
Society (EMBS), Virtual Conference, Montreal (7/20-24, 2020).

[2] Yano, S., Hayashi, Y., Murata, Y., Imamizu, H., Maeda, T., Kondo,
T., Statistical Learning Model of the Sense of Agency. Frontiers in
Psychology, 11:539957, 2020.

[3] Yoshikawa, Y., Hayashi, Y., Yano, S., and Kondo, T., How Does
Intervening Strategy in Cooperative Motor Task Affect Individual
Motor Adaptation?, Proc. the 42nd Annual International Conference
of the IEEE Engineering in Medicine and Biology Society (EMBS),
Virtual Conference, Montreal (7/20-24, 2020).

[4] Nguyen, P.T.M., Hayashi, Y., Baptista, M.D.S., Kondo, T., Collective
almost synchronization-based model to extract and predict features of
EEG signals. Scientific Reports, 10, 1:16342, 2020.



BO2 HRZEBENDEEILDE 7 UL

N BRI *, A R T
PR ITERY: R AI TSR,
T ERUE{ERY: KB HE T2 ZeR BAIRE S R 7 22 HIK

Abstract—AFEEDEFHBRIE. KEL<L DT TRD 218
BT®H%. 1. A2 MHIOFHBREERROFIEDOH T —%
BT L. BEBETIICKZREAZ1THR - T, BFED
EFOLEEHERETIVICEZEHO S aL—>avE
T2 2. FEDEESHOHES. BREREEHAIL. B>
FO—ZRVWGEEARDHEEEZIT o £lew TDLE
DRGEDSES EEZHE LIEDEES A RDEICEET S
B ziER L.

L XC®I

ARZETIX, FISEE PO O L AN E D R D
BrEs o, BRERIES EHOHESRSA =20
ET MR ZAIT S, HIEECEIC & 2 BIREFEICT L
T, MRERIEHIERORELE FHZHEDRTZ T
OIS ZIT 50, ASLCEYOEED S, ERD
AL OB TR A OEY 2 — S s o —
DM (EHRMEEDOBEMBIC X 2BHEE) ZE5
R R Z 2T 20 EINTVWS, ZDXD
TS D FRE AU B AR » B » O BEAER % Bl b &
NFEET 2B THENIIThbh S e THENS, —
JITC. TERMTON TR bR F I L 2 R T 4
T 7 Ta—FI2BW0WT, 20 &S RAHER i
BOEMBICIEH L. 20X H =X AICHE B H531F
AT T Wi o 77,

II. 3

ARFZETIX, FISEE PO O 2L AN E D R D
Brn o, BRERES EHOFESRSA =210
ETIULDIHEZAT S, FHFEICEIC X 2 BRI
LT, MRERISHIEROREL L EE 2D IRT
THBOHEEZIT 5. ASLHYOEEILS, ZDLD
AR DL DBIETHI > F o — DEME (4R
BEOFRERIC X 2 L) 215 M e 2 x4
C 3B E XN TNV, #EOFEERIZER L R
 OMHEAER %2 i b N 28§ 2 e T HEIIcAT
b FTHEND, ZOBEBEEETNT S7=D12,
D) RAEFMIC X 2 NORINBIREREDRE LTINS
KERRDOMEER, 2) IEF e HiEE 0T a—7 4 Y 7F
EOREE, 3) HiBEEIC X 2 BHER 2 HFEMICHER
TLHEMRETVOMELITS, ZhHDET M
g% @ LC, AEIRHEE O FAE R 1 5 ELE I EFE D X
HE=RXLZHLNIZT 5,

X HI12, NDOBERERICHE S HERED Z L% Vir-
tual Reality % W CTHRARINICSEI T 2 SRR DR
L NEYI a2 L=y a VIREIOMERITS, 2
0. RGO BARZERIHE S ARERE S 5 55
R BIREED IR 2T S TEHRUE BRI % E f
L. BRZEBRDOEMRIEROZID XA H =X L1285
72D AT LR T 5,

1. f5EAR

R D BARKI IR 2 LU IC 2 DZ T2 % i
55,

A VLOFEAESYY I 21— M TAHBKRET L
DI

Fig. 1. WiEt&E 7 M & 2B EHE

HEALEZOREEEZ NS 72012, A2 1t
[T, ZJHD~H 79 L CieZ Bl - HEX 83
“HEEOHRAOHOBEEEZITVL. sy A EiIThT:
DEREENZ I L. MEHEITIC X > THHi> 9 — % fiR
MiL7zo EEFOHS F2 — DRI ZFNS &, I
HEEERZIC. RO+ —DiEE & —2 (F
MK NANEDLD, LIS LTIEoBRICKE S
RFPRE LNz, ZDM. iy I —DoEIIEE
MR NP5 Tz, HidF Y —DRHEEIE TR Sz,
AN D - TR 2 BETHIEINC Y D X 5 22 L
MBNTVDEDNEFHRDL =012, BEOHS FY—
WX o TN B IEB & FHAlX 7= EE) D AHBE
RNz, ZORER, ANE D> TITICR 382 T,
BEDOS F I — 12 ko THHI N ME T L TWn»
ZRRTFORERONTZ, 2O 6, FIEDBEETIE.



W7D > 72 = DN DHTEEI OB D3RR X 41, BRR
MET T BIZONTIEOMBIIR 72 EZX 5N 5,

DX R FI—DEL HEDRIE & DR
BN D =0, S, SEWEDS I 2L —2a v
AIRER I ET IVOMEEZITo TV, VL TIToTWV

% FIXOFEEB X X 7 2 EB T 2 E8E 7L O/
FTHTD, HEKSI2L—23 Y 7 b OpenSim

LT, BFFEOE O EEBHERE TV [1]1C X % EE)
D¥Ial—YarEfiok (K1), BHEEFTCIZ, &
HL7-b b OZREE ZEEEE E U, WE#) i i
WX AEEIOHEE . #EE LSRR A $ 5
B EEHOHNFES I 2L —Yary®iTol. 5%, i
BIET L ILDOEICEDE B BIE L BB A
DB/IMZEITS 2 Ty VPALOHBEEBORENY I 2
L— a YA[RER I B E T LDOMEEITS,

B. BT a—7 4 > 7 X 2 B ALERE o fZRH
IRAETFAT & 7 L B SR TS & - BN E- 1 - Ak
DIEHEFRZ TS, BRERZOEHFHESNI D K
S IIBRETITON RIS T %, FRIHFROR
BoH T, FRTEBOHTEEIE O E TH 5 fi>
FO—WREHL, i FY—EOZELoEEE T
N3 Z T, EREEOEMBERIZIRS 22T %, f
SFY—DPHDE ZTRIHINTWED0EHERT 5
ZreZHINE U, BE—hE KK % FIRE T U 72
F—RXEHWT, HEXK»SFE LA FI—L.
fdiB 20 HHEE L1225 TR & OBR%E TN T-, REFE
XN 1338 DGR & RO FHEEIHNEE L T\ 35,
FEDEBENIATI D TR D 2 A S IEENRER L TV
5728, ZNENOMHIEEZ 7B L TRITS 208 H
H%, WNTRRD O EAWTHIEEZ 8L, 2Dk
JFEEMEATHIRF R AT S F 2 — %2 RD 7= [2].

EEI
) III\

IIIIIIII'/" |
wum Total data -
e

Fig. 2. 18D HANIIG /s F¥ —

¥ 72, KD & EB DRI BATR S 2 B3R 2 A AR

DA KD KD, ZDMANALEZ 7 DED &
IR U7, fROEH M Z#MAT 573 —XDEAE
iRt U7z, A EIRE (right lingual) , ZERRAIKEZ
'E (left posterior cingulate) , /= FHISH[E (left inferior
temporal) & GELFTHL ( right precuneus) DRHIDIE
DEHDFANBEFR L TV 3],

mmE -

Medial Left

13 Paracentral

5 Supplementary Motor

12 Cingulum Posterior 3 Cingulum Anterior

Fig. 3. @Al BAtRS 2 M 0 o fiiE

INHORERID, 7LABREBICEIDEONDR
EDVEZEHR OGS &, ERICBEET 28> - —
PIEDHEEN L NV THEE T E, X512, FAFRRCEHEIL
7= BB 20 SAEZEDFRANC BE 5 2 BRI HEE T & 5
X2 o772, RAEFMi7e ¥ OFFEF DK & 5
BXED, B F O —DEERENENTES X5
Holze 72, KEFBOBZRIZOWTIEZ, fMRI 72
CERHAWTHENITE 3720, SIS S N0 H0E
R Y ORERREST 200 AL 2T 5720
2. FEOEHIEEF O fMRI 7 — X 25T 5 Z LT,
AL DRFE S R TIT O R EDR D B e EZ BN D,

IV. BbbHiZ

AREET, FEEICH|Z 6 X A2 L HFTfT-oTW»
YL DIEDEE DN . FEOFEEE & 2 7 &
EHT AMBRERETIVOEELZIToTWVWS, £7-.
s F =MD ¥ DMEBTHEEN TN Dh%E
FERRE LTEBREITo 72, REELEZ, fho
N— 7 DHFEZER EHHED TIT FTETH %,

REFERENCES

[1] K. R. Saul, X. Hu, C. M. Goehler, M. E. Vidt, M. Daly,
A. Velisar, and W. M. Murray, “Benchmarking of dynamic simu-
lation predictions in two software platforms using an upper limb
musculoskeletal model.” Computer methods in biomechanics and
biomedical engineering, vol. 18, no. 13, pp. 1445-1458, 2015.

[2] Y. Kim, S. Stapornchaisit, M. Miyakoshi, N. Yoshimura,
and Y. Koike, “The effect of ica and non-
negative matrix factorization analysis for emg signals
recorded from multi-channel emg sensors,” Frontiers in
Neuroscience, vol. 14, p. 1254, 2020. [Online]. Available:
https://www.frontiersin.org/article/10.3389/fnins.2020.600804

[3] M. M. Tellache, H. Kambara, Y. Koike, M. Miyakoshi, and
N. Yoshimura, “Investigating neural representation of finger-
movement directions using electroencephalography independent
components,” Journal of Biomedical Science and Engineering,
vol. in Press, 2021.



B03 AfF 928 H OAFFE R R

]

FOURZER P TR FER 2 T K

AHFFRIE R TR ERM - FEAEESOBEORRICE
XDEEBPMAL, HEFHHOELE EEN TR IR EE
ETFNVEBEL, RIETIIEZERNLETS. &blz, #HHE
ETFNVEESNT, FEFBH - EBHEILT, BEISHEESE
RBITETAR—ZADHFAFEORRERIEEZITY. REED
ERRRELLT, 1) FEBE#HENLEES) VD) FHEE
B Lz, 2) FREREORERRBROFMET VOHBELE
1To7, 3) FToWEAI=FaTulry bv=taF¥
LDOBREIToTZ.

L 1ZC®»IZ

BO03 MH H X HRGEA - 1HFE) & o TR 22 LT
HL, #icem AFREST KRR - F8ha /LT, HiE
HSHELZ BB T ABBREY S X7 A EM L, BiEsE
KR LHDOONATEEZRETHZ L2 HET. B
IR A EEIICHIE L, BEET LV EEET L0
BRHEE I RE e MBS T =2 —T 4 T HEBRE L, &
RFRFEN - tEEV 2 EEMUET 2 FIEEZHLT 5. 61T,
FETNR—=ADN ATIEERFET D722, 2T 1 v
TR ST T > 7 +— L0 EITH . BiR
Iz, BHEEZ OO BE BT, BiEiaiE o E
BALHE LT LELT S . BESOEEE T VIS
X, ETNAR—ADONAFIEEEREL, BilT 5.

. B

AWFZEEE O BAA 2 BEIE, K1IRERD LD
W2, MAFEITEMOEEEICBWT, EROHK
A - IEEY, B K O IREEY O FRRSGERE & E a9l
EL, THINARERAEHET VEEEL, TTLX—X
Ol M ATIEEREL, Ritd 5.

O
EEhRE

EETHE
A —
EEY 72—

SFER0 EEE A BT
DFa—T 7

ElER LA
JE

TTAFE Tttt —E—iras
FTF I LRBEEES
_ +aEiEEta
) ) R [ A = o]
X1 AR - B2 LS EE O EE, B X
OV IO RE DR 2 B ELE T D T

1. WFgEak S

AL D BRI R Z LLTIC 3 2%, £ Tl
ZHT 5.

A EBEAREICE R LIEE Y NE U VAT ADOREE
LET L
WFFEEFIE R MHER D7 V—7 (HIK

KE) 1X, WMEEPEREFICBIT 2 EEGEE Y U 0=,

NR—=F % LT VT4 (VR) ZHRAVWZEERY N UH

EZBFRE Lz, B SNZiRE T, VR BiERTE

DFOMEZERL, EHICFEE T2 E#H21T7-7-

(K2) . MASKHICBNT, EZITEDOFONER

FIF D HFMCEREOFOMELY L0 L EIZETRL, X

FDNIRDREICR YT 4 TR 7 4 — Ry 7 %

VR ETIiTo72. 20X IR NMANEITo728E, MR
L&fhL v b, EEEAESm L, HEONS B

DOMIZHEL T, EFTOETX—T 3 O R
e I, REZHREONAFIEL, FOT 4 7738
R74— R 74T, EHEREKEzmMEL, &6
\EERETFN—2 g VERETOORN DL EBZ XN
5. ZO7uetAOET VTR 3ITRI[1]. EEHEKE
—HLIEHRENAICL ST, PRRRZENRED L, EEhE:
WENRM ET2 2520 LT, EBEXOR LICERD
LEZLND.

Target
stimulus

Visual
stimulus

1-kg weight

-~

2 VRZHWER D Nt U BREO Y AT AR

y
x
Motion capture camera

F7-, B03 HEHERM - #iX A3 THE (4K, X)) &
HFE T, EEIHIE O 26T D H R OBUR S L EIGH
P E O AT, FOREE, EEHIE OB A



BURICHRENCTE 2 AL, #IGrETFE LR L3y
Motz —J7, EBHIE O IR U CRUK S 1308 ey
EEEEOBRS LEE LW L b o, EEIEA
EOBMERDEZHMRTH2RMT oA TEZNnNENH D
FREEANT L, EEVEBHIC R LA O ERB LD
ns.

Internal reward

Motor
intention

Updating internal model to
reduce prediction errors

Action selection

Internal model
Motor |—— .

Prediction of

command | Efference copy sensory feedback Sense of
agency
Sensory feedback Prediction

€rrors

X3 REAANEBEAREA L, EEE R
T 5T at A ER L ET ]

B. [ DAl (E i FE DT 7 DIFZE

WM HEORZHE JUNKE) L7 v—71%, &
EFEREDMIC T U 72 BB AR D[RR R L2 B 9 2 i
TurEAEFHEL TWD. S ETOIETIE, HEE
BRI ERNVEMEZIT O BRIS, BEFRE LR AT D
A TRy o —DIFREN 2 A X U T SETLHZ N
MY, FHTFO—DIERZ A I T OEN LA R
FIZXH L CHEY R A T —va r FEARELTE
72 [2. 2O XDIT, AMEBRE IV CIREE LR
REEIZS U T Y F o —DEE 2 A I v IR ET %
Mmoo TET.

L L7ps b, J B OEIFIZ IV TR OTEE)
A I TR TIERLS, HRBHETLHICONTHER
ko2 EEZLND. RiEFENZ AT HREEE
DFTEE Z R DEIITFHI A RN R 5 &, BEDA
B =5 AR T T AN R Y, FiEEAL 2 BT H
RDHZENTER. ISR L TAREETIE, WE
FEHREIC X o THEM LB ER OB b L2 b,
OB ALETRC Ko THEB T OGRS 2 HEE T 2 FEE B
U, RFEND, FHUA DR D FRERE IR
THHEEND X A X2 7 OIALTZT TR, BET DT
DRESEZHBRTE D L) ol ARITEBESE
International Conference on Neural Rehabilitation (ICNR2020)
\ZCHFE S, Best Paper Award 23% 5- & 17z [3].

C. oI =F 272y pv=E=2 7 5AD
P

WFIEHE DI (FBRYE) 1%, B04 FEL O IL[FEIF

JETC, HESE BRI D EEEE R OFEROL

BICBI LT, PERAERRT 2R OBIIIN FEE R 2L S

HDZEZPLNT LM

2O XD I ISR O R AR A2 BRY & LT,
TRT 4 v 7B OEEN 72D, FoEEH
=FaTuRy h~=2aF X aEELE. Ve
V7 — 3 A2 X D HERERIE S RERS 2 SRR RIS o
FREFRRACRE T A 72, EEEEPICRBIT S
AR AR B~ DI ARG EBN O FH P DML/ 5. £
ZT, B A=V THEHMNIE L TV S E i
FAIC L D EE R ER A FEB T 57012, BEEEHO
=FaTueRy h~=ta T U X aEE L. BARL
7-aeRy h~=t'2 7 % 5L 5Smm-20mm O FILIEE)
EATH ZENTE, FRITHENGSS T v 32V EOT
BONGEERRTHIENTE D, TR
EEHLTCWA D, BEEHFLEOTEH 2 E &I
HTENARETH DH. AEEIC LV FRRET LD
SWEZE W TRl 2 FTREIZ 72 o 72

IV. BH DI

B03 HHH TIIAEEICBWT, FEREFHKICERD L1-E
BB FEAREL, FREEREOREBREDEE
REE 24TV, S 512, BREAI=F27akRy b~
=V T U A AERZE L. RAEETIE, MEAEToBRE
WCBWTIRELZY Y FEEARGEL, FAEEEIC
B 3EEBRRICB W TH VY —DIRIBOEL 2 R/E
L, BRELR & FERRIE O miH 2> & [ L & 395 &5
WERBEL, ELITolEH~=E27 22 Hn
THEEBFEOHAERTT VEEBET S.

REFERENCES

[1]  Aoyagi, K., Wen, W., An, Q., Hamasaki, S., Yamakawa, H., Tamura,
Y., Yamashita, A., & Asama, H.. “Modified sensory feedback enhances
the sense of agency during continuous body movements in virtual
reality”, Scientific Reports, (accepted).

[2]  Yang, N., An, Q., et al., “Temporal muscle synergy features estimate
effects of short-term rehabilitation in sit-to-stand of post-stroke
patients”, IEEE Robotics and Automation Letter, vol. 5, no. 2, pp.
1796-1802, 2020.

[3] Wang, R., An, Q. et al., “Muscle tension analysis in stroke patient sit-
to-stand motion by joint torque-based normalization”, Proceedings of
the 5th International Conference on NeuroRehabilitation (ICNR2020),
2020/Oct (Best Paper Award).

[4] Tanamachi, K., Izawa, J., Yamamoto, S., Ishii, D., Yozu, A., & Kohno,
Y., “Motor neuroscience experience of after-effect of memory update
reduces sensitivity to errors during sensory-motor adaptation task”,
Frontiers in Human Neuroscience (in print).



B04 AfF 728 H OHFFE R R

A IE
FORRT: R TR ER N T TR 5eE o 2 —

L 1ZC®IZ

ARWFZEIE H ClE, £SO T8 24T ]I O B R
ROBLENG, LLFORBOMREEEZ Bfs L T\Wb. TR
—/33 ' (Dopamine; DA) %%, FFRRZEMERBE IV T
BT DAY E DS, IR OIGEY & - #hfkE B
DOFEATRELTE L, v LFZ X7 HERELHIET 5. |
ZIT, wATH AL X, BEOEEEMIRIZE
WG SIS AT DAEREZ BT 5. T OERD =D,
REAEIHN I 1T DAPRRABZEME DR % B L - BT
TOMEEEZITY. UUTO3HEAIZERVHA TS, 1) #if
AR ED S O BRI B D REIORFE. /S—F2
VIR EOMIRAENER BBRE T, VT X AT OFLT
(CHTEREREN R E S, ORISR o &M
MR EDE DO RENFETHEZEL LN TS, £
TTCR—=F Y R TET HDMREEMEICER L,
< IVTF B AT OFITIZERIT DR EDE O % E| % WL
T 5. 2) REMHIENIC T 2B EME OREIZZ[E L
VTR A7 REET VO, MM EDE L W)
R ulpiEmE, FOBEHRLELOMERE L THNDIT
B-AHENIEEWI) v e R ERORAEEBRET. [~
NT BRI OEBET V) T D, 3) FEE L B0
ETNVORGE. AREIVEGEONTZT — X ZHOTHEE L
72 T=VFH R OEFET V] ORIEEITD.
AWFFEE B L, BFEREE CKHE) , MFeao#sE (M
| & 13 4ourse o hE (B, BV, RBA, A3,
VEH, 9, A, MERR, AfF, JLEE, =M, BF, &
B POHERSNTWDS.

1. AFZERRR & 41 o3l

A, R T T L~ O EF B 2 1 U 7=l
DEN
KHEBIE, A4 FHEPED & A, BOl 3Pt T3
JEJIER K & & IFET, ZBEEHIEIC BT 2 s
EWEORE EEE LB T AR ET-> T 5.

AREEL, b FPOLRBHEICI N TEERER 2R
7= TATE CTh D AlEFT B 2 L 7o il 2, BT
TMIEAT D L AL, AIEFKIE, 250
75 BE R & SRR 3 2 AR T Bl & 3k,
THETHE L TE RRESHIHE T IS, BUFO
LA BT ATERRERR 2B L2 HI A8 A L7z @ 1) Khb
BRIZERE L, FERSEROHEBZHET 5 ;2) HikE

U il R R

WENE RS & T, A RE L EEN EICHER
T5;3) AL LT, MW ORIEMEEZICB W TEIS
BT 252 TS ; 4) & LT, (BT BE i,
JEANZITINHIE DR Z R > (Fig. 1) [1]. Z O##EHR
LREEIEET LA VT, 19 OFASEBE S 94 Off%
BoMERETLVEZHET LY I 2 L—32 g U EITWD,
PR SR LB BB 7 L 0D Y M A R EE L 7=
BN

BORS - SRR - WA EEH 71
L]

BEEROIHR

NHRES

p
a

a
.

Tirans™| Tact [1] ’
a

u —
4 HEBETIL

BnE

Fig.1 BIREFFHERE 240 L 72 4 23800 L 7= i R BB 7 L.

V3ialb—val iERoREFLEEEY T vy T
5E, IRERTOMBESMT, METHEKH L OB
DOEDR, FIEFHEELOHEGOMEIV /NS ol
(Fig.2) . ZAUIHMIRTERRER S BT 2R L L%
BROFEFRIZIHD O O TH Y, ERR L IR BB H £
TN DU ERHER S 7

100001 B vest-
— B vest+
[

é 8000 1
&
|§| 6000 4
1
v
O 4000
(@]
(@)

2000 A

15 2.0 4.0 4.5

2.5 3.0 3.5
R ERARIEAE | lug 2

Fig.2 i BAORAEAT gl ? & BiTtR 7 10 D R FEH DA SR HTE T RERS
ML, JRENHETK D Y OSRETOMRETT.

SBITZ OMBRRESHEET LV EHNT, N—F
VYRS, AT O E oIl - IRTAR O DEE



DFHFEE ETORIEZ AT, £ot FOEROKER L
BOET, MREWHE, BEHEAT=214, TLT
HOPNLEBORREZEER TS Z &2 iET.

o, HEKYIalL—YarEELT, B RO
SINEBHERFIZ B T DO FEE| Z D Z L 2R A TH
5. BOENEKET LV, BOHDLHEKET Vi,
MREREBHIEET LV EHOCTHIEL, =224 %5
ZBNEE S 1F I a b —a v & o7, FEE, oA
HHEHRET VERWIESMA T, EOBIFEN/NE
0, BEOFEPSINL BB OREFFICERR L TV D Z & 2VR
e X7 [2].

B. R NVTFZ R T ORI I L MiimEZE o
BB DREFE
WS I1E, v/ FZ A7 TORBHIE I T D

EIEME OB B RREE L TS, a) KEAREE b 28
HaEHWE~ A TF 227 OFFEITY, b) &EFLE~

VT B Ay ROEEF - ABE RS AT S AT
AEHESE L, o) BELEVATAEZHAN, A—F2 VY
IR CRHAI A T - 7.
a) BB LRI A W e~ VT 2 A7 DFRE
IR ) UFRERETHLRITRRERBE LT 5720,
ZEAGRIEIT 30 BRI OIS 2B Uiz, FRANAREIT,

Granacher b DA THIZE 2 BE 5 2 b= 8FN0 1%
Sl &t 2R ERREZ B L72[3)].

b) Z A7 ROEE)T: - APFAI OS2 FHEIT D 2 R
7 L DESE

FHAIT B EER T — % & LT, FREEHAL O E
T — X BL center of pressure DFHFZ FHHIT 2. EH
FHT — 2 L LTHEMOERMGEX ZFHT 5. Center
of pressure DFHANZIXE.LENERE (T =~, &) & H
W, Y7V L— ME 20Hz & L7e. REAERIL
SRR, MOBARLZERs, MEEEAAERS, KREGH, K
BRIELFS, “FIEERT, RIISERH, b7 AMomEN (2T
k) EFML7Z. WM OFRICIE, VAP LA
EMG ¥ A7 A (Delsys, Tokyo, Japan) % FV 7z,

¢) N—F Y IREBRETOR

e IR ST O B LS+ FHERRE - # L ST D B
3 FIATATERIL, S LVFZ AT DEEL IR LT-.
ASENFNR—=F 2 Y IFRE 2 LG Lz, ik s
WE DB RRFET D202, LA RSRAINRET (&
ARG 12 FEELL EfGE) B L OE% (NRE 45
Sy LA ERGE U7 s) @ 2 KA > FCRRIIL 72, BARM
\ZiX, FRRT, R, AEo 1B 3EOFEZITo 7.
FERL JERICHEANZEN R S5, R U T, Center
of pressure X°, MM DL A Gz, BERER
ZEBEEICERR TH D,

case 1 feet apart COP area

morning forenoon afterncon

Fig.3 /3—% Y Vi B D center of pressure D2 &) D]

C. Pz g~ v 257 Lo /El

o ze ] 445  (Unilateral Spatial Neglect: USN) (X, KX
MFER DG L 0 £ U 2 mkikigeERE O 1 > T,
15 U7 R &I POHAl~EE 2 M 2 2 & 0T
5L BEE SN D, USN BFHE TN OB
HaThh, BTHERL —ETRVWI LN UANEY
T arOMRERFET 2O L <, USN (Zx4
DT ET L ADEWIITD N4 £ 2T, WELIE
USN &7 VB ofEflz B L, #hl S iz &k
TR 7LIGRIEORIE~ L REAT 272D DML EIT-
7=, YeiAeiE%E T~ 7 A D45 Medial agranular cortex
(AGm) |ZHEZEZERL L, 8 J7lm itk 2 -\ C
HeffZe M A OFEAN 2 4 10 [F15265E U7z, ) 22 i Je AR
DFERIE, FEBIRERE UTRI L. 22 MR O &
KRtz (MFEZER: 18 HHE) , IMEZEIRVHL, =y X
NGB EFER A RE L. 208, Wil AGm
B~ 7 A EEEEME S, PRZE A O BRI T
il AGm TOMR AN NI THDH Z & AR LT
L. SRBIIEEREZHS LI 7 al A =X LDfE
HzHfET.

Fig.4 Mg D EY

REFERENCES

[11 Y. Omura, K. Kaminishi, R. Chiba, K. Takakusaki and J. Ota, "
Investigation of effects of vestibulospinal tract on muscle tone by
musculoskeletal simulation", in 2020 42nd Annual International
Conference of the IEEE Engineering in Medicine and Biology Society
(EMBC), 2020.

[2] b7, T3, @R, KH, “IINTKRT DAL EBHERC 1T 2 i
D& RS DT DO EKR Y I b —va Ly, BARRY R
R 38 (AR R S TR SE, RSI2020AC1H3-04, pp. 1-2, 2020.

[3] Granacher U, Bridenbaugh SA, Muehlbauer T, Wehrle A, Kressig RW.
“Age-related effects on postural control under multi-task conditions,”
Gerontology. Vol. 57, pp. 247-255, 2011.

[4] Bowen, A, Hazelton, C, Pollock, A. & Lincoln, N. B. Cognitive
rehabilitation for spatial neglect following stroke. Cochrane Database
Syst Rev, CD003586, 2013.



B05-1 FERL2EF I B 2 EF S F —
FIHD X h = 2 1L DfEH

W 7
SALARE KB TR A7 4 7 2

Abstract—In this study, we apply Deep Reinforcement Learn-
ing for handling full-dimensional 7 degrees of freedom arm
reaching, and demonstrate the relations among motion error,
energy, and synergy emergence during the learning process, to
reveal the mechanism of employing motor synergy. Although
synergy information has never been encoded into the reward
function, the synergy effect naturally emerges, leading to a similar
situation as human motion learning. To the best of our knowledge,
this is a pioneer study verifying synergy development in DRL for
multi-directional reaching tasks.
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Fig. 1. Endpoint transition for multi-directional reaching. (A) with DRL algorithm, and (B) with DRL with feedback control.
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Fig. 2. Schematic representation of multi-directional reaching task.
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directional reaching. (a) with DRL, (b) with DRL with feedback control.
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Abstract—This study aims to elucidate the ability of the human
postural control system to adapt to a wide variety of dynamical
environments. To this end, we propose a novel methodology to
alter the dynamics of the body during quiet stance using closed-
loop electrical muscle stimulation. Our idea is that the dynamics
can be artificially altered if the ankle joint torque can be
modulated by the electrical muscle stimulation depending on the
position, velocity, and acceleration of the center of body mass. This
year, we developed the system to validate this idea and obtained
preliminary data showing how the human postural control system
adapts to the change in postural dynamics.
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Equation of motion
T=Mgx —Ix
X If the torque can be imposed
according to postural sway as:
=G+ Gi+Gi+C,
EMS to TA
T the equation of motion becomes:
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+(G,-Di+C.
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Fig. 1. Musculoskeleta model of the Japanese macaque. A: 3D whole-body
model. B: 2D model used in the present study.
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Fig. 2. Nervous system model.
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Abstract—This project aims to find low-dimensional space in
the brain networks and manipulate its state using non-invasive
brain stimulation to understand the mechanism of the “hyper-
adaptability.” In this year, I tried to develop a method to identify
the low-dimensional state using combination of time-varying
graphical lasso, calculating Kullback-Leibler divergence, and
multi-dimensional scaling. The method worked for the simulated
data with four dimensions. However, the distinct low dimensional
representations for different tasks were not found in the public
dataset measured by electroencephalogram, suggesting need for
improving the method.
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Fig. 1. The results of simulation.
(a) Simulation data and its structure. (b) A low-dimensional map for different
network states.
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Fig. 2. The results of real EEG data. Each axis indcates dimension identified
by multi-dimensional scaling. Each color indicates task-state, respectively.
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Abstract—ARFRTIE, ANDOEHZFBREICH T2 EOHIAH
HAEOBF ABREEHATRELSET IV EEETZZ2BIEL,
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A (Jacobian) OB DA —IVELEZHET S & T, KFREIDE
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Fig. 3. A partial visualization of Jacobian in the state space with self-
organizing elastic grid model.
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Abstract—The goal of this research is to enable an operator to
enhance embodiment of a robot through robot operation, which
is under a shared control with an Al robot controller. As a result,
the operator could operate skillful manipulation remotely, using
the robot as if it were a part of his or her own body . In this year,
we constructed an experimental environment to evaluate effects
of intervention of the robot controller with AI on the operator’s
sense of agency and then conducted experiments to evaluate them.
In this environment, an operator sends motion commands to
a robot for object handling through an intuitive teleoperation
system with VR devices and then the robot controller adjusts
the operator’s commands to compete a target task if necessary.
Through experiments, we confirmed that the operator’s sense of
agency tended to decrease when the robot controller intervened
operator’s manipulation. On the contrary, other results suggest
that the sense of agency increases if the intervention from the
Al robot controller is not conscious for the operator.
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Abstract—The intermittent control is a novel hypothetical
neural strategy for stabilizing upright posture during quiet
stance. Although intermittency in the action of nonlinear postural
controllers have been well established in the literature, and
recent studies are beginning to associate intermittency with a
healthy control strategy and loss of intermittency with
deterioration in postural function, it is still controversial whether
such time-discontinuous, nonlinear controllers are more
physiologically plausible compared to the traditional time-
continuous linear controllers. Here, we are conducting a research
to uncover information processing in the brain as a neural basis
of the intermittent control during quiet stance.
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Abstract—In this research, we studied the learning
mechanism for adapting to an indefinite environment, where the
possible states of the environment are not even determined,
through the exploration-exploitation trade-off problem in
reinforcement learning. In this year, we developed a prototype
neural network reinforcement learning model that performs a
target search task in which the exploration and exploitation trial
periods appear alternately. In addition, through a meta-analysis
of cognitive and behavioral tasks in mice with leptin-related gene
mutations, we discussed the relationship between learning and
memory, depression, and anxiety, and obtained a foothold for
adapting the idea of “hyper-adaptability” to mental activity.
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Fig. 3. Integrated behavioral measures obtained from behavioral tests
analyzed. (A) The Morris water maze test. (B) Z scores in all tests analyzed.
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Abstract— From early developmental phase, human infants
exhibit complex and various spontaneous whole-body movements.
It is often assumed that sensorimotor experiences evoked by such
kinds of spontaneous movements have an essential role for
development of sensorimotor coordination. In the same phase,
they also exhibit acute physical growth, which would affect
sensorimotor interactions. Although developmental changes of
motor patterns have been well characterized, how a human
infant develops their sensorimotor coordination in the midst of
drastic changes remains unclear. Here, we quantifiably estimated
sensorimotor information of human infant and constructed
musculoskeletal dynamic simulation to understand mechanisms
underlying early sensorimotor development with acute physical
growth.
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