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Hyper-adaptability for overcoming body-brain dysfunction:
Integrated empirical and system theoretical approaches
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Grant-in-Aid for Scientific Research on Innovative Areas (Research in a Proposed Research Area)
Hyper-adaptability for overcoming body-brain dysfunction:
Integrated empirical and system theoretical approaches

Abbreviation: Hyper-adaptability (Project Number: 8102),
Research Term of Poject: FY2019-2023
Head Investigator: Jun Ota (Professor at RACE, School of Engineering, The University of Tokyo)

Purpose of the Research Project

With coming of a super-aging society in Japan, we are
facing the urgent problems of sensory-motor impair-
ments, declining higher-order brain functions, cognitive
impairment, loss of motivation, and mood disorders
caused by aging, and in turn extreme decline of bod-
ily and neurological functions. All of these problems
have a common source: inability to adapt appropri-
ately to a brain-body system changed with aging and
impairments.

The human body has a high degree of redundancy.
For example,“when a hand is paralyzed by a spinal cord
injury, the ipsilateral motor cortex immediately joins its
control by reactivating its pre-existing neural pathway,
which is normally suppressed and preserved in the
course of development”(lsa, 2019).

In light of such facts, we believe that clarifying the
brain’s “hyper-adaptability” may resolve the abovemen-
tioned issues.

The goal of our research project is to elucidate
the neural and computational principles of hyper-
adaptability in which the brain manages impairment of
brain functions by linking neuroscience with systems
engineering in order to comprehensively understand
acute/chronic impairments and disorders, and the prin-
ciple of frailty.
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Content of the Research Project

When a person experiences acute/chronic impairment
or disorder due to aging, the brain reorganizes neural
networks by disinhibiting pre-existing neural network
that is normally suppressed and searching for latent
but available network that has long been unutilized
through course of evolution and development. We
call this process of functional compensation as “recon-
struction of neural structure”, i.e. a neural entity that
achieves hyper-adaptability. In order to implement
practical functions to this reconstituted neural network,
the network should acquire a new control policy of mo-
tor effectors based on precise recognition of the pres-
ent states of the brain and the body. Here, the brain has
to activate the new network by repeatedly performing
neural computations and updates the network based
on prediction error. We call this learning cycle in a new
control space as “reconstitution of sensorimotor control
rules’, i.e. neural computation principle that enables
hyper-adaptability.

In order to verify the hypotheses described above,
knowledge of neuroscience is essential. However, with
only the "bottom-up” approach relying on experiments
and analyses, it would be difficult to clarify hyper-
adaptability that is manifested by systematic behavior
of a neural network. Therefore, we apply an interdis-
ciplinary approach that integrates the mathematical
modeling technology of systems engineering with
neuroscience (see figure on page 4). We adopt two
new analytical approaches: (a) Robotic-interventional
neuroscience, i.e. combinatory use of well-controlled
robotic technologies and biological approaches of
viral vector, optogenetics, chemogenetics and brain
stimulation. This allows verification of cause-effect re-
lationship of neural activity and its generated functions
and behaviors. (b) Function-oriented neural encoding,
which constitutes a model that may incorporate any
knowledge of brain functions into gray-box modeling
or hypothesizes the structure of a model based on sta-
tistical methods.
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Hyper-adaptability: Capability of central nervous system (brain and spinal
cord) to manage impairment of sensory, motor and cognitive functions including
ageing-related ones, by reactivating and recruiting pre-existing, latent but available

network with being implemented by new computational principles and practical
functions.
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Expected Research Achievements
and Scientific Significance

1) Systematization of “science of hyper-adaptability”
by elucidating its underlying neural mechanisms and
through its computational modelings

2) Construction of mathematical modeling (gray-box
model), which can describe brain functions by inte-
grating multi-modal experimental data such as electro-
physiology, brain imaging, and behavior.

3) Construction of a comprehensive theory that can
explain adaptation principle from its neural entity to its
neural computation principle.
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01 group focuses on the monoamine system for brain disinhibition during neural damage and aging.
Our group studies the “reconstruction of neural structure” through causality analysis such as using
optogenetics.
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Elucidation of the hyper-adaptation mechanism by BT PO S— 1 F2 ’ 2B
reconstruction of bio-structure and challenges for i : -

prevention of decline in latent adaptive capacity

Tadashi ISA Eiichi NAITO Hideki AIZAWA  Minoru ASADA

Principal investigator:
Tadashi ISA ’ : o= ra "
Professor, Kyoto University ﬁﬁﬁiﬁ?ﬁﬂﬂm
Funded co-investigators: s

E =
Eiichi NAITO Kﬁ:'/'“‘s%%
Research Manager, CiNet

Hideki AIZAWA
Professor, Hiroshima University

Minoru ASADA
Specially Appointed Professor, Osaka University

PRI IR OIS (C L BREE T DR Z A ET 3 H D8
BROOERE VTG HEERORMFLBY, Z0OER
[CE/TIVNRERRIEESTDEVIHAL DR

To compensate for the damage to the central nervous sys-
tem or dysfunction with aging, the subjects may actively
exert the disinhibitory mechanism in the large-scaled neu-
ral network. We hypothesizing that the diffusely projecting
monoaminergic system underlies such disinhibition.
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Systems modelling of hyper-adaptation mechanism OBz TEREN
for reconstruction of neural structure Lgil\f;ggk' mgxke

Principal investigator:

Toshiyuki KONDO

Professor, Tokyo University of Agriculture and Technology
Funded co-investigator:

Ryusuke CHIBA
Associate Professor, Asahikawa Medical University
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Integration of constructive models of Extraction of embedded physiological

brain and musculoskeletal system structure in long-term multi-modal data i
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02 group analyzes the changes in muscle synergy by acute and chronic tendon transfer, and constructs
a mathematical model for the “reconstruction of neural structure”.
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Hyper-adaptability to altered musculoskeletal system: -l ‘
cortical and subcortical mechanism B M=

N . . Kazuhiko SEKI
Principal investigator:

Kazuhiko SEKI
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Top: Conceptual diagram of muscle relocation surgery. We
will evaluate the process of hyper adaptation by recording
muscle activities (lower left), muscle synergy analysis (lower
middle), and the cortical activity (lower right).
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Modeling of hyper-adaptability to altered musculoskel- Nt FREE AR RER
etal system Yasuharu Tetsuro

KOIKE FUNATO

Principal investigator:

Yasuharu KOIKE

Professor, Tokyo Institute of Technology
Funded co-investigator:

Tetsuro FUNATO u,y Musculoskeletal
Associate Professor, The University of Electro-Communications MOdeI o Model
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Virtual Surgery

Tendon transfer Virtual

xfuture
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Model of the reconstruction/learning process of
synergies
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03 group approaches the mechanism of the “reconstitution of behavioral principle” by examining the
effects of cognition and motivation on motor learning. Our group develops a technology to intervene
in body cognition to promote reorganization, and applies it for robotic-interventional rehabilitation.
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Mechanisms of body cognition and emotion inducing
hyper-adaptability

Principal investigator:
Hiroshi IMAMIZU
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Hiroshi Ken-Ichiro
IMAMIZU TSUTSUI

Professor, The University of Tokyo

Funded co-investigator:
Ken-Ichiro TSUTSUI
Professor, Tohoku University
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Understanding neural mechanisms in
which body cognition and motivation fa-
cilitate "hyper-adaptability”
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Task for control of
motivation
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Systematic understanding and realization of hyper-adaptive
phenomena focusing on cognition and emotion

Principal investigator:

Hajime ASAMA

Professor, The University of Tokyo
Funded co-investigators:

Jun IZAWA

Associate Professor, University of Tsukuba

Wen WEN

Project Associate Professor, The University of Tokyo
Qi AN

Associate Professor, Kyushu University
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Systematic understanding and realization of hyper-
adaptive phenomena focusing on cognition and emo-
tion, and proposal of novel rehabilitation based on
hyper-adaptive phenomena
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04 group focuses on the neurotransmitter abnormality caused by neurodegenerative diseases such as
Parkinson's disease, and approaches the mechanism of “reconstitution of behavioral principle”.
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Alteration of brain dynamics as underlying mechanisms
of hyper-adaptability in neurotransmitter disorders

Principal investigator:

Kaoru TAKAKUSAKI

Professor, Asahikawa Medical University
Funded co-investigator:

Takashi HANAKAWA
Professor, Kyoto University
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Hypothetical mechanism of postural change in
Parkinson’s disease based on functions of dopaminer-
gic and cholinergic systems, and brainstem descend-
ing tracts.
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Kaoru Takashi
TAKAKUSAKI HANAKAWA

Neck
muscles

Arm-hand
muscles
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A DA; dopamine
ACh; Acetylcholine
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Modelling of hyper adaptability in human postural
control considering the role of neurotransmitters

Principal investigator:

Jun OTA

Professor, The University of Tokyo
Funded co-investigator:

Arito YOZU
Associate Professor, The University of Tokyo
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Verification of the role of neurotransmitters using
medication and multitasking and the development of
a multitasking representation model

(_ Experipclents

Verification of role
of neurotransmitters
using medication
and multitasking

Target
posture

Multitasking representation model that

Musdle— Musdle
FF control acivation_acivation
Signal

Considers the role of neurotransmitters

Multitask
rehabllltation‘

Rehabilitation based on|
patients’ conditions

HYPER-ADAPTABILITY | 9



Il AO5 R511

AO5 | Subscribed Reseatch Group

A05-01
ReizFop B O _E R FRIR O{EETE (C 5 13 BB E IS s D fFEA

Elucidation of the hyper-adaptation mechanism of upper limb recovery in
stroke patients
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Professor, Tohoku University
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Elucidation of the hyper-adaptation mech-

anism of upper limb recovery in stroke
patients

Dummy hand

Real hand (Paretic hand)

Paretic upper limb

—

H

]

2 | o T2

H

= WM w = nJL (i Visual detection task (Psychophysical methods)

A. Frequency of upper limb use (Accelerometers) B. Body-specific attention

Base line 1 month 2 months 6 months

C. Activation during paretic hand movements (fMRI) A case of longitudinal changes of brain activity.
Base line 2 weeks 1 month 6 months. 1 year
Measurement || 1

2 months
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Synchronization of neural oscillation among primate limbic structures and
the striatum during recovery from anxiety like state.
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Kenichi AMEMORI
Associate Professor, Kyoto University
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BINEEF DXy NT— U LEBFEOIE—L
> R

Anxiety network consists of brain regions
that are connected through cingulate
bundle and coherence analysis among
the brain regions.

Coherence in the striatum
before stimulation

coherence magnitude
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Mechanism of Hyper-Adaptivity of the human premotor area:
electrophysiological connectome analysis with electrocorticogram
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Riki MATSUMOTO

Professor, Kobe University
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Mechanism of Hyper-Adaptivity of the
human premotor area: electrophys-
iological connectome analysis with
electrocorticogram

Probing neural activities related with
higher-order motor tasks and
effective connectivity using CCEP

Creating electrophysiologic connectome
on individual and group bases

‘Subdural grid implantation (epilepsy surgery)
e
_v\/\-,{;tl,\zim’f\
Arvy
%J T e
=l
Cortico-cortical evoked potential (CCEP)

Stimulus site
(Premotor area)

Connectome
(singe patient, L electrode map, R circular map)

Clarify immediate modulation of the premator
network by high-frequency electrical stimulation

Three-dimensional motion analysis
for behavioral change

Remote intrastimulus
/_discharge to investigate
s, network modulation

Elucidate hyper-adaptivity of
the premotor network after surgical resection
by simulation and behavioral analysis

A5
High-frequency

electrical 3
stimulation QAT
®

Electrodes

Resected area p
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Neural circuit rearrangement mechanisms underlying the recovery from
learning deficits in Parkinson's disease model animals

BEEREARROBECEIN—FOVYIRETILIYNME. RRIFEZORESE
ERIHMN RITOMEICLVZDEEERLICEETSZ, COZXBREEEE
DFIRLRAHN Z X LEFFATZH (2. BEBIECH (T MAMIFEED
EhEEZ L&/ \ENIA PET (positron emission tomography) #ffi& AL
TEMLANITHETT B EICIMA. REEIRA SR B IR (C KW,
iy (BRAI#EEF : ventral tegmental area/VTA) M 514 (nucleus

AR accumbens/NAC) AT T3 R— /53 L ERDEEIDRIAICES.

d‘** *DA Model rats for Parkinson's disease generated by degeneration of nigrostri-
EEEER A atal dopamine neurons impairs the acquisition of sensory discrimination
EEe i learning, but the impairment is recovered gradually through the continu-

ous trials. To understand this recovery mechanism, we will analyze a dy-
namic shift of neural activity at the whole brain level by using the positron
emission tomography for small animals and aim to elucidate the role of
dopamine pathway originating from the ventral tegmental area (VTA) and
projecting to the nucleus accumbens (NAc) in the learning recovery.

Kazuto KOBAYASHI

Professor, Fukushima
Medical University
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Development of non-invasive brain stimulation techniques that can increase recruitment
of the corticospinal motor indirect pathway during acquisition of hand motor skills.

B - BB EEEGR SRR Lz, COFiEE

AusZElci) ARFEMIEVTHIEF
‘ . (BF) &EF GERIZEF) 0EHERHL

: RipplezmRUE,

HMAERRE Cortico-Spinal functional magnetic reso-

nance imaging (cs-fMRI) techniques (left
WEB +ﬂ" panel). Wegfogur(wd preférentia\qmvo(lve-
EZHEH - R 5 — ment of the corticospinal motor direct
REERE A A= T 59— and indirect pathway for the preferred
Mitsunari ABE and nonpreferred hand movement (right
Section Chief, NCNP panel, in submission).
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Analysis of motor control system in the recovery of forelimb function by
rehabilitation after intracerebral hemorrhage

: I DUNEYT—2 3> [CLBEBMERERITEA 1 = X L DR :

g :J REAEDORAL (ICH) #ORFERISESRER (FLU) LY LT
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WMERARE Analysis of the recovery mechanism by forced-limb use after ICH:
E %ﬁi Although forelimb motor function is improved by forced-limb use

(FLU) after intracerebral hemorrhage (ICH) involving the switch to
LHEMIKE cortico-rubral pathway under damage of cortico-spinal pathway,
KEREZRER 2% the adaptive mechanism of motor control system is unknown.
Hideki HIDA Using double-virus vector infection method, adaptive mechanism
Professor, Nagoya City in motor control system via cerebellum will be investigated from
University behavioral and electrophysiological analysis.

Analysis of the recovery mechanism by forced-|imb use after ICH

Question
=> adaptive mechanism
via the cerebellum?

after ICH to cortico-rubral tract
(under cortico-spinal lesion)

rehabilitation (FLU) H adaptive shift

RFA/CFA double virus vector infection
fnds Selective blockade
1, rubro—spinal tract
2, rubro—olive tract
behavioral assessment
forelimb function
motor coordination
electrophysiology
multi-electrode analysis
1, Purkinje cells
2, cerebellum nucleus

clarify the adaptive changes
of the regulatory system
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Regulatory mechanisms of inter-regional network changes
underlying hyper-adaptation from mal-adaptation state caused PUNTERSR -
by fear memory. I
MARERE
=k BT
ABRTILAZ RS, kA, TSRS, S DS MHE
REREFAAR B [ - OREETEESR
Hiroyuki MIYAWAKI Simultaneous multi-regional large-scale
Assistant Professor, electrophysiology in the ventral hippocam-
Osaka City University pus, amygdala, and prefrontal cortex.
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Facilitating hyper-adaptation in neurological and psychiatric diseases
thorough improving precision on the sense of agency.

ARAERE
) e s
it BEFER A EEAER SAET FRE (Sense of Agency) DFEEER LI
T Takaki MAEDA SBIERE - RBICS T SBESO
Senior Assistant Professor, e
Keio University Facilitating hyper-adaptation in neurolog-

ical and psychiatric diseases thorough im-
proving precision on the sense of agency

STB (R DS BN AL, BOBEFRRELLSETHARM (I HU7TI0—F),
KRELT T RHEHERRLAABOIEDSL T, [RBEIE . KYBOVKETRBEE D,

BTNy T—a [Agency Network]

* “Agency Tuning”I2&2 T HBEDOHE" OR LOHEST . MiEKE - HkSE
2B BHERLMOBEIC, #21E (generalization) Eh5HH ?
S hf=LE DL MiFH LU “agency network”1ZF 1+ Bfunctional connectivity D ZE4ED
#REE (resting state fMRI) o

* VREFIFAL-“Agency Tuning 3D version”[2&kY. BARBERDIETNHNAHR
EEmHD.

HYPER-ADAPTABILITY | 11



A05-09

m]fﬁ“ﬁ:l —o >0)ﬁg ) E‘;‘{’ﬁ (: J:%I’iﬂl‘l!-tﬁ}%?%d)xt — X.A 1 -0V OEE - BRIEICL ST FEBOANZILEH

FEEA

BR  EET 1 —0> OFESHET (I 2ERECHE

The role of inhibitory neurons related to skilled hand movements after spinal EHEBIMC, WP SOEEIHICHENT
cord injury. —REBEF TGABADIE FERH 3
WRREE R . CoMfliE—1—0O0>h0D - EDLSIC
AEMSEICHES U TV LR
i L
BREERZAZ EXE BH

Takahiro KONDO
Assistant Professor, Keio University

ca
CSTlesion

YR BPRIF2(4)Za1 =02 A R=>,
i BEB U ULEA(+) 21 =02 AA=T T
[CLD, I—Ftry MEBHABTETILAESIHAS
ZOEY 3 L EOMBEHEE=9U>D

WHEZ1—0> O]RE - BIEICLBTHEE h
BEGSANZXLOEA

The role of inhibitory neurons related to
skilled hand movements after spinal cord
injury.

A05-10

BERAD =X Lz F AU ESEF R ORREhR

Mechanism of analgesic effect in MSC: Hyper-Adaptivity to nociceptive Bl

primary somatosensory area

| BRARE
=H REF
FRLFERAY EHH HiR

Mariko MIYATA

Professor,
Tokyo Women's Medical University

/(Eﬁﬁﬁ'l

rmnss) (@ 5@ ERS (M1)

FHOREHE (S y
Eat] EBFRI
}omeeorsosannss i
BECANZZXLZFAUZESHRBRO | (mass=gscsynmnEnsst gigig E:ﬁg%
EREFVUES OFHBOM AN T BB EOTAMNE ;

SBHF
HRRFEA- B SRS (EEELHE)

Mechanism of analgesic effect by MCS in-
duced hyper-adaptability

A05-11

RRIAPEFAR=—2a VR ECLZEZA R HEEZERNT S

HFEEER DE (L

Activating preference network for affected side by neural and behavioral

modulation.

MREREE

KA BEF

PREEAS ARBIRISAMEE 5%

Rieko OSU
Professor, Waseda University

1
RAIBDEF < —> 3> B S BER bsslosy

ARz R T B HHEmEROEE
Activating preference network for af- induce preference for affected side by neural
fected side by neural and behavioral
modulation.

Impairment caused by stroke :
Hemiparesis—do not use the affected side
Hemineglect—do not pay attention to the Affected
affected side

Affected side is **

disgusting, bad, shameful, negligible:.

Unaffected

modulation and manipulation of the body space.

A05-12

HRRNRIBE S F 7 RORI M LB EEITHEEE
— AiIREROEBEIEEAINL —2—

Hyper-adaptability from inducing synapse connection and regulation of

1) Making of “Recoverable environment”  2) Making of “Synapse connection™
of by

extracelluar matrix. —Spinal cord injury and Al-based motion capture— by factor AVRAEHE

IT FRiRE
| KA B
BRERAY EXE #0%

Kosei TAKEUCHI
Professor, Aichi Medical University

12 | HYPER-ADAPTABILITY

HREREROBEREZBIEL T MRNAEE
BREEHIEEABRSFTZIRINIES
E{E Al E—>a>F+ 7 Fv CHRIFT 3.

For the recovery from
spinal cord injury

Al-based motion capture for Hyper- 40 '3) eALbased moti e

- . . < ~ Tor dels
adap_tablllty from md_ucmg synapse con- ;um‘;wﬁm L0 it o
nection and regulation of extracelluar : &( s
matrix, in order to amelioration to spinal ‘K TN SR |
cord injury.




A05-13
iR &R B (S LD KHEERZABRROLTELBIENERL TS

Reconstruction of Basal Ganglia by Aging and Neurodegenerative Disease

MRAREE

B XXTh
ILmEAS

REIRE SRR Hi%

/ Fumino FUJIYAMA
Professor, Hokkaido University

BRATHS T FIVER]TRIMINARG Y
ZRAWVWTHSHICHESTZH ULV ARMEERZ

Basal Ganglia

Cerebral Corterx

[ ]

[
B: Indirect Pathway Neuron el

Za—0OY
Basal Ganglia neurons revealed by mem-
brane targeting Sindbis virus

Entopeduncular,”
Substantia Nigra

C: Arkypallidal Neiron”

=

T _
A: Direct Pathway Neuron > > L

A05-14
BB (C &> ThitRREZ M8 S € B 72 8 D S R R B2 TR 5

Development of techniques to improve brain functions by using hyper-
adaptability

WRAkEE
EK FA

B R
BRI R Y —
BF—L—5—
Yoshito MASAMIZU

Deputy Team Leader,
Center for Brain Science, RIKEN

d:h

BEIGC &> TRREZRIIES B3 HD
SRR TR 3

Development of techniques to improve
brain functions by using hyper-adaptability

& — -}
AT 7 A N\ — D HE BT CO
invivo AV ) A A—D 0

MR T 7 A\ —E I THEL .
ok TR JAU AV

HEEREBEICE TS
i D EBZ AL DAREA

¥
Bt E A

A05-15
BENZRET ZRRBEDRREEZ DIFEIA D Z X LO#EEA

Facilitation of Hyper-Adaptability through Deep Brain Stimulation.

R
Eft =35
EREES AT
RigEBR 7O 1o h
7Ovroh)—5—
Yukio NISHIMURA

Project Leader, Tokyo Metropolitan
Institute of Medical Science

BB Z et T 2 BREBRIMEDRREEZ
DYEEIAD Z X LDFEA
Facilitation of Hyper-Adaptability through
Deep Brain Stimulation

Hypothesis: Activation of NAcc improves both psychiatric and

motor functions.

Motivation Ctr
NAcc

Motor Ctr
MCx

Recovery

-Develop DBS paradigm targeting for enhancing motivation of motor activity

-Elucidate mechanisms of effective NAcc DBS on motor performance
-Document Efficacy of NAcc DBS for functional recovery after neural damage

A05-16

iR i34 (C KRN HFERTE U BB HEE

Adaptive mechanism occurring in both hemispheres after unilateral
brain damage

MERRE

RE# &1T

ERIINTH AR

ABIESRA 550> 3> HRITERF
MERII-TE

Noriyuki HIGO

Group Leader, AIST

fNIRS (Functional Near-Infrared-
Spectroscopy) FHllC&LWRESNIZRE
(PIC) FEZOIFHEMFEIEBETELD
KR EDFEZEL

Functional near-infrared-spectrosco-
py-based measurement of changes in
cortical activity in macaques during recov-
ery of manual dexterity after infarction in
the posterior internal capsule (PIC).

Before infarction

After recovery

— Infarct core
Monkey 2
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B05-01
FREBCFEE(CHTZ:EES T2 —HKEDADZ X L DA

Elucidation of the mechanism of motor synergy emergence in deep rein-

forcement learning
WRARE ?m\\k\
£
HEB TR L. -
Rk L
FOEA e T SAFRZR) S V—F U BEICHEVWTREREFEZ (LY .

Mitsuhiro HAYASHIBE
Professor, Tohoku University

TA4—=RN\yIFIENE T+ —RT7 37— Rl
VB DVIRFARER (CEREL TV
BtkF

Deep reinforcement learning switches
from feedback control to feedforward con-
trol and transforms into synergetic move-
ment during reaching task

Encrgy Consumpion ()

B05-02
FIL—T78iE
RES DFAEEA

RIMANEL S 2T L% AW LA E S HIERE RS

BuETEFI -
Adaptation ability of human postural control system revealed by a closed- ¥ 1 ;
loop electrical muscle stimulation system . Mz /
“ anmonEce
wERARE U [ ——"
BERIH REERLY Y vz
g Kt
RRA% 2
KEGHE LHARE 73 RN —.
. 7 ﬂ H _}E}ﬁ*_l. %Hg E I‘EJ&@E%(D%W@ 47_\ 7 Z%Eeé WREOEH AR RIEBHES BT OER K2R
Daichi NOZAKI BE3EIN—TRERRBH RT L T = Mgz — I s | 7= 009+ G+ G
Professor, The University of Tokyo Closed-loop electrical stimulation system | |MERTTRREECL > cerm Ly e +Gyi = (G = D+ C
to alter the body dynamics Of human T =Gpa + Gyi + Guii + C HHBY AT I 22 FHOMBEREERR |

standing posture.

B05-03

EHOELCHNEHEERICHTEZI_BHITEBRDBEILAS =
AL

Mechanism underlying the hyper-adaptation of bipedal locomotion to the
evolutionary change of the foot.

Pattern Formation

aNIVAN
A~
A

Reticulo-

ﬁﬁ%{fi% spinal tract PG

Eon -~ B Muscle

5* _.,:% FJE ) . _ J activations
RRAF HRHBEETIVCEICCRSTY I | [wnarae

REFIRYRIIRR #iR L—>av (L& BBERA N = X LD |

Naomichi OGIHARA

Elucidating the mechanism underlying Sensory information

Professor, The University of Tokyo the hyper-adaptation of bipedal locomo-

tion through forward dynamic simulation

Reorganization of the
nervous system

Evolutional change of the
musculoskeletal system

based on a neuro-musculoskeletal model.

B05-04
FESE G D FFEA (C M) 13 T2 Rt A RE 22 FE R IR 0D (B 7 & FEIR BE R 8K (C
LB IRIE

Understanding neural manifold of the movements using human neuroimag-
ing and non-invasive brain stimulation

N HRAERE
7 =
i ﬁ%ﬂ Ij]* Low-dimensional re tations (manifold
E TRl O'Small size (varge size (15mm || What is the represent: or Hyper—adaptation?
K RERE TIER TSR S 4 e
Isao NAMBU

Associate Professor,
Nagaoka University of Technology

B EE RO ROREHA S EB DO ERTT
ZEEIRITD AR

Understanding low-dimensional neural
representation using electroencephalo-
gram data during reaching movements

14 | HYPER-ADAPTABILITY



B05-05
BEREOERBEICELIWBRIIFTIVROBHIAZITS
EENFEET VDR

Development of motor learning model that can reuse partial dynamics
. . . . gressnsn i i
based on estimation of transformation between mappings Transfer of partal dynarmics between controlers
«Non-linear function approximation for
N learning mapping (Jacobian)
HRRAERE «Local coordinate-based computation to
IJ\ * * *E— learn transformation between mappings
ol EETROEH YT (CH 58 ey ‘
E] - . = H SO, ! L
e BYLFIHROFBEBZED L 3
KEFR AR IR TS == o, by
AR Learning of partial dynamics R j«@m “t
Yuichi KOBAYASHI and transformation between controller i controller R ——
Associate Professor, mappings in motor learning of @40 =arg¥3,“,}Z"/‘vi_A]ivi||
Shizuoka University left and right arm. ~ d

B05-06
BEENEORY N T —AADAICE5EBN AR ORAEE o

38 i ST PR32 i
Shared-control of teleoperated robot maintaining operator’'s embodiment HMD/QQ
under intervention of Al > (L

" FRAxE
Bl =A B B o ociment
LHRAS

a4 AT oo
KFEFL TR B SRR LEAS, DRy T— L%
Yasuhisa HASEGAWA ERET B YT —2

Professor, Nagoya Universit )
goy Y Interface for shared-control of a robotic
arm maintaining operator's embodiment

@ Interface of a robot arm control
maintaining the robot arm embodiment

B05-07

ENZUZEZ OB RFIEORAAD I LICETEIATLT
FHIEA3E

Systems engineering approach for understanding supraspinal mechanisms
of the intermittent feedback control during human upright stance

| R EE EHEA. EHEERGE - HEREHA. SRS
i = SR ERMBAEILONME, BEEREHTARIC LS Jienenton et
FPRAEE BESESHREHOEH (Z1—OFYal—av) ([CL3B u.mg‘:.'fsii'fndi..g
@ S ceEpTamay 7 /0-FEMATEILT, IIEBORRHHORAX
AT T s HZXLORBERIETHR

Systems engineering approach for unveiling supuraspi-
nal mechanisms of the intermittent postural control dur-
ing upright standing by integrating postural responses,
EEG/EMG responses, TMS responses for evaluating corti-
cospinal excitability, and rTMS-based neuromodulations
of those responses to mechanical perturbations.

Taishin NOMURA
Professor, Osaka University

B05-08
HBRTERBEADEILZ FTHEC T BEHIREZRRLFEBETIV

A reinforcement learning model with dynamic state space that enables ad-
aptation to indefinite environments

MRAREE
. o .
ESER AHUZ 29 —=5y MRFRRE T DIEERT DEEFEDOEED A, ) , , ) . : ' .

| Kazuhiro SAKAMOTO BB 2 DOEMS—~ v aXEICRS (Mapm | A A9 AJ AJ | AG Deg Aj - Ad Ad
Associate Professor, 71—X), EERTHEDLZEHBEITS—0%. il |[o
Tohoku Medical and N . o ic | ol
Pharmaceutical University  © LAY —7 v NERRT S #BF71—2). o BR B BR B | TR TR TR BR TR

Examples of behaviors before and after a valid-pair BR + BL Var:Id pair TR + BR
change

change in two-target search task. The subject made al-

ternate saccades to 2 valid targets (exploitation phase). ¢—C¢—C—>C—>E—E—>C—>C—C
When the valid pair changed, the subject made an error aaploration Exploitation
and began to search for new valid targets (exploration

phase).
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B05-09
TAT—A— R REMEREICL B IRHMEREHEEET
=i E OEEFE (R

Attention control training based on tailor-made neurofeedback system for
facilitating motor learning in elderly

MRAERE

#/| K

BB BT AR BhE

Takeshi SAKURADA

Assistant Professor,

Ritsumeikan University BEEDIBENBAZCEDITA5—X—R
Za1—071—RN\y 7l TORORIEERE
Tailor-made neurofeedback training system
based on individual elderly attentional ability

SSSEP condition
for internal body information
dominant individuals

SSVEP condition
for external visual information
dominant individuals

Feedback

£

Spectrum density (V2/Hz)

Spectrum density (uVA/Hz) |

Attentional modulation
— in somatosensory cortex

120

Attentional modulation —

10

20{[—AttL(22Hz)
oI AtiRGsH)

N/ 4}'\

3
ERRIEG
Frequency (Hz)

it

2 2 %
Frequency (Hz)

in visual cortex

B05-10
VRUNEUT—23av([CHIIZEHEE7TOELRDETIVEE
UNEVERE DERE1E

Modeling of the motor recovery process and optimization of rehabilitation
strategy using VR

BiRfRHE 1) KSR EDUNEY (CAVBEBDOIRIER
e Jd CHBFRMERBOREETIL. LU 2) iR
E ST BRI HROBELZBOBROETIVE. ZXHRELT,
BTV TIVFES g FHEREZOVTIY3>% VR TREMICEHE

| ‘ Tetsunari INAMURA L. ShERERUNEVERSZ RE T B A iRmE I
Associate Professor, NIl 93,

The purpose of this study is to establish a meth-
odology for determining effective rehabilitation
strategies by observing stimulus presentation
and its reaction in VR, based on the following
two topics: 1) a model for determining the ex-
tension coefficient in the motion exaggeration
display for hemiplegia, and 2) modeling the
relationship between the accuracy of a sense of
body ownership and body posture.

- AEREBETILICE T

EHNACBECESORE |1

- BRHRICHEICED @ik
SERIRRIRRDRTE
RySTor 7ITAT
MBE, EELLD

YNEVEEE f DRE

RIBHT!
ELS

SR
SEEHOBRIRT—
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o FREENE

Management Group

X00

B OHER 2% RIRY B EERNEIS D AT LHVERAE OFETER R

Administrative research on hyper-adaptability for overcoming body-brain dysfunction

MARERE
KH B  smrky AERTHRIRR 58

MmERTEE

HAFE B BooEEA ASRBERET MR g
ME IE sk ASRESHER 5%
SEHE Bz ST A AR TSI S

WEBHE Principal investigator:

PR K — SHEERRE MERERATR L 5 — BIRTE =0 htesen The University o Tokyo

HFE B meky A¥RERRYHRN Hig

B HE s sEEERREY Y — HERARR B Funded co-investigators:

SKE  EmRAY AERAHERHER HE Tetsuro FUNATO . o
Associate Professor, The University of Electro-Communications

EH B—BB stk A¥REDRSMRR 1 Tadashi ISA

BEK ZE m)IERAS B HiS Professor, Kyoto University

Toshiyuki KONDO
Professor, Tokyo University of Agriculture and Technology

TN B =Bk AERESHER 5%
FIE BB fB)IERIAS: R0 f5UE

Nt FRES ST aky RSsRaIRITIE: 208 Co-investigators:

M —  mmA® AERTIERHER 5% Eiichi NAITO

#:E = FEAR & 25 MRS S Research Manager, CiNet
" KT AT LIRS 4 Hideki AIZAWA

BOX mrA% AR TERMER SRS Professor, Hiroshima University

RO ANk KEERBRS R T ARIETRIERE RS gizgt:irkgcshfpm

M2 BA msvks AR TSRMRR E5E Hiroshi IMAMIZU

Professor, The University of Tokyo
Ken-Ichiro TSUTSUI

Professor, Tohoku University

Kaoru TAKAKUSAKI

Professor, Asahikawa Medical University
Takashi HANAKAWA

Professor, Kyoto University

Ryusuke CHIBA
Associate Professor, Asahikawa Medical University

Yasuharu KOIKE
Professor, Tokyo Institute of Technology

Hajime ASAMA
Professor, The University of Tokyo

Jun IZAWA
Associate Professor, University of Tsukuba

Wen WEN

Project Associate Professor, The University of Tokyo
Qi AN

Associate Professor, Kyushu University

Arito YOZU
Associate Professor, The University of Tokyo
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Young Researchers Group

AT, BEERZNT 70— F(C X2 ERMFITE
2T LIFNT 70—F(C LB ETIVERDEERR
(C&Y., HREOBENREISEY ., 2%/ BERENS Y
LAIILT « DREBEZGIEN(CEFEITZCLZ2BIELTV
%, NBEIE) EVWSHULWEiREZRIER L. FBEL
THERMETBEHICIE. ENFREGOEZ(CHALTE
BHCARZHETE 2 EFMRAEOERDAARTH
%, COTZHARETIE TEFOR) =ML, EFH
REZHFOLELEFa2—MNITIGERE - 7—0 >3y
TEOEHRE. BAREMRREE L DEHE(CLBZEF
MAREDHEEICL SRR LlBER E. BREARTE
DEBEZIRT B C & THRBRDONRZEHSIEFHA
EDBRICHTZ3,

HEFDORDEEER

SHTFE 11 A 21 B EFORFVIFTII—T47
TH24 01 A 26 H @ELHRE (RREEXZH)

Sense of ownership
PR A )

(BK

BiheHET2RYBONG
self: Gallaghe n G

(Minimal

SM24£E03 826 ~27H BENMES (FRAERBFv>/NR)
$F2407 B 18H EMBC2020 Workshop &8 (4> 51 > BE)

a2 E Advanced Robotics &2

FEERL

Eor

2 ) N TR

Hyper-adaptability via wol
termg

ARy

DUHOTEOUIOIIRTT

Working memory task Elderly with hi
recruitment of bi

i
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Young Researchers Group

This research area aims to understand the principles
of neural "hyper-adaptability” and the principles of
acute/chronic diseases and frailty through collab-
orative research between experimental analysis of
neuroscience and model-based analysis of systems
engineering. To create and systematize the new ac-
ademic field of "hyper-adaptability”, it is essential to
foster young researchers who are familiar with the
interdisciplinary research of our area and who can
promote practical researches. For this purpose, we or-
ganize the "Young Researchers Group” to support the
activities of young researchers. Young Researchers
Group holds tutorial lectures and workshops regular-
ly and promotes internationalization by exchanging
young researchers with overseas research institutes.
With these supports, we foster young researchers
who will be the future leaders of this area.
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