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Abstract— We have demonstrated the changes in excitatory
and inhibitory connectivities associated with disinhibition after
spinal cord injury, hyper-adaptation in the brain of a wheelchair
race-top Paralympians and cellular mechanism underlying the
interhemispheric inhibition in mice.
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Abstract—In the FY2022, the aim of our research group was to
1) confirm the previous result about the EMG changes to tendon-
transfer surgery, 2) visualize the functionality of muscle and
tendon after the surgery, and 3) to evaluate the sensory prediction
error by measuring the extent of sensory gating during movement.
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Abstract— Our research projects aimed at testing the hypothesis
that the alteration of neural dynamics following abnormal DA or
ACh neurotransmissions may lead to the change of the “rule of
the conduct” as one of the mechanisms of “hyper-adaptation.” In
the fourth year, we performed animal experiments and human
clinical studies. Takakusaki and colleagues have examined the
role of midbrain DA-ACh interaction acting on the posture-gait
control system in the brainstem-spinal cord in the cat. Hanakawa
and colleagues have been developing simultaneous EEG-fMRI to
evaluate a dynamic profile of functional connectivity between
distinct neural networks in elders relating to DA content and Af
accumulation. These studies will clarify the relationship across
cognitive functions, neural network dynamics, and neurotrans-
mitters underlying hyper-adaptation generation.
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Figure 1; DA and GABA effects on PPN postural control system
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Figure 2; DA effects on MLR locomotor control system
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Figure 3; Network correlates of freezing of gait in Parkinson’s disease
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Abstract—We develop a brain stimulation technology that
reinforces a target brain state by precisely timed stimulation of
the brain reward system toward beneficial reorganization of the
neural circuit in the brain to control brain disorders. Toward the
goal, the following four research milestones have been achieved
during this fiscal year: A, Control of pathological fear memory of
rats by time targeted stimulation of the brain reward system; B,
Identification of a brain activity that maintains positive mood in
rats; C, Establishment of a decoding and quantification system of
seizure susceptibility from large-scale electrophysiological brain
activity recordings during interictal states of epileptic rats; D,
Preparation of a recording and real-time intervention system for
Alzheimer’s disease model mice.
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Abstract— Blindly over-adapting or failing to adapt to the
external environment often leads to mental and physical illnesses
and, in many cases, a decline in our quality of life (QOL).
Optimal adaptation is thought to be essential to improving QOL.
Using rats performing visual discrimination tasks, we aim to
clarify how the adaptation to changes in visual stimulation is
influenced by mental stress and developmental disorders. By
examining the visual responses in the multidimensional brain
systems across multiple regions, we aim to understand the neural
basis of optimal adaptation to the external environment.
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Fig. 1. Schematic diagram of optimal adaptation to the external environment.
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Abstract—Our brain has multiple strategies and selects the
strategy in a context dependent manner. The neural mechanism
of implementing multiple strategies is still unclear at least in a
single neuron level, because a precise neural recording and
manipulations often require experiments with animals. Here we
perform a neural recording in head-fixed mice during a multi-
strategy task to investigate the neural substrate of model-free and
inference-based strategy. We propose an Al (artificial
intelligence) -based approach to investigate the relationship
between the algorithms of brain and Al Our study potentially
proposes an idea that the brain learns multiple strategies with
learning rules and switches the strategy with non-linear neuronal
circuits.
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Fig. 1. Faster learning of behavioral biases in repeat
than in zigzag conditions GEfREf « BREEY)

Left: Learning curve of behavioral biases. Means and
standard errors (* p < 0.01 in Wilcoxon signed rank test).

Right: Number of sessions to achieve the behavior biases.
Parentheses show the number of mice. The acquisition of
condition-dependent behavioral biases was faster in the
repeat than in zigzag conditions (Mann-Whitney U-test).
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Abstract—To elucidate the Hyper-Adaptability
mechanism of motor function under aging and
pathological conditions, it is essential to understand the
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. To understand the brain
network associated with motor control and hyper-adaptive
reorganization, we made an electrophysiological
connectome using cortico-cortical evoked potentials
(CCEPs) as an index of effective connectivity obtained by
systemic evaluation of the whole implanted electrodes. We
investigated the associations of performance impairment
by electrical cortical stimulation and CCEP spatial
distribution during the Go-NoGo task. We also elucidated
that the CCEP late-latency potentials (N2 responses) were
correlated with the functional connectivity in the Human
Connectome Project database. We proceed with EEG or
ECoG network analysis using a time-varying graphical
lasso.
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Abstract— Animals that have undergone traumatic

experiences develop maladaptive states in which they are unable
to take adaptive behavior due to fearful memories, and the
following fear-extinction learning induces hyper-adaptation that
enables the animals to regain their capacity for adaptive
behaviors. Multiple brain regions, including the amygdala,
ventral hippocampus, and prefrontal cortex, are known to be
involved in fear-related mal-adaptation and hyper-adaptation,
yet the changes in local and inter-regional networks remain to be
fully understood. To shed light on this issue, we conducted multi-
regional large-scale electrophysiological recordings in fear-
conditioned rats and analyzed the dynamics of neuronal
ensemble activity across the sessions for fear-conditioning,
extinction learning, and testing retention of extinction. Our
findings revealed that while a significant fraction of neuronal
ensembles remained active throughout these sessions, new
neuronal ensembles emerged during the session for extinction
learning and persisted to ones for testing retention of extinction.
Notably, within the prelimbic cortex, ensembles that were active
during extinction learning and retention of extinction enhanced
activity during sleep prior to the extinction learning. Further
research will elucidate the dynamics of the local and global
networks that underlie fear-extinction.
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Abstract

TR - BHEBRICBOWTEERREBICH 2 LEHES
(EIE] SEREDIC, TROBEH - TUV=TRXRAD LUV
DB Ry TET U ICHRERICIIT B & T, BRER OB
EBEUT, LDEEREOBESEZRBT D HEORIEZBERL
THERZED TS, BEMNT7T 7e—FL LTk, E£H&
% : Sense of Agency (SoA) | D¥SEZEM EEV3 =DM
UAEYF— 35K (Agency Tuning) ZHAWT, ERERMF
REEDTND, EERRLVI | ABRREICHES L TEE
TWKTEODOEBERIER - TV =2TXAOKEEZN LS
¥R Licky, KEREEFNICLI#ESY HE)] S¥32
LEBEELTWD, 728, Agency Tuning D7D T 7Y Ir—
v a v Thb [Agency Tuner] 2oV Tidk, TVHBEDS
VW version ( [Agency Tuner for Artistsl] ) Z{ER L. Btk
VAT (Ao TRRE) 2F8—F v Mo LRGBS
LTW3, £7c. ZTHETIE. BEASAATREZEALL SoA
WD TE TN, EREANATAEZEA LT SoA BEEZH
TEATHERR L, A RFER L ORBMERIZEWT, RESA

TRIZED SOATREE . LM NA T RIZ X D agency REE L T,

RENRE—VDEORDHDZONE > PZONTHRF LT
5, &bz, K45KE (mood) DE=FV VI AT A%
F L. Agency Tuning iZ &k 2 AD3, o> DEHERED EIEIC
THRALEN B2 E ) D, BRIEZED TN B,

. IXC®IZ

PR « R BRI W T, DaHRELY TEIE] SE57
OOWIET I —F L LTiE, FTiE=a—m L &b
WITAREEIES L~V TOR N AT TRl p iy 7 7 o —F
MDEETHLN, —FH, LDEHEEEO TEE] X, R 2T v
TTFu—FEF TR TR, XD EREBEFOER,
RO, WML B - T VT RRDO LG by
A ARSI D ENT DKL EETH D, R A
T TTTa—FE, X—Fy N A LEiEE B 2 T
WAHMRZRD S B, L0 BEFTOMRER~DT T —F Lo
LE I, BELTWD, L0 IRINRMRR 2 BRE) S8, B
Z IEIE) SE57-0121%, PRI — L2 ElRSEs hy
o7 7a—FREETHLILDOEEZXD, Fxid, 2O b
Y TEG T T a—F 0B, DINICRIN AR & R S
T, DEEREOBHEISEAE@L, [HE] IZTELLHDLNITD
WTOH, FIEOMSIE BT, WhiX, 22A06Hk~E
MAL, MEEZLDEWVWIRBTHD, BT v it
BHRRFSE & AR 5 2 & T, BEIGS, LD EVIKYET
FEHTEDHHLDLEERD,

FRRE (sense of agency : SoA) ik, HAW 14D [{EA
Fi& (agent) | THDHEVWIEHE. TRLLECOITALE
N> TE U AN ELEZECOEEICE > CHIETE 5 &

WHEDZETHD, B - Ve ) T —v 3 ORI,
FREAMFFTHZ L THDH L b E X, FEREREDRTIE,
RLRUTRL 20 BHERYD, ZVANT 412ED, EHEK
FIRIE L, EREICSEDNRN L, UAEY F—3 3 2 FRE)
L35 Z D8, DB BERE DB G O 72 8 O AR R O P ik
IZESTHEHETHD, BEICHEDIT, FERKITS O I X
., UNEUTF—va BN, HERICADZDTH D,
Tz 1Z, ME D [SoA task (Keio method)] #Z%E L (K -
5 6560765 ) . HLARIAEDFIEEAIE & L T RAEE O
FEMEDTETz, 51T, [SoA task (Keio method)] ZokZs L,
FREOREE 20 L EW D720 0M ) A~ T — 3 VIl
(Agency Tuning) #&ZZE L., 20 OOT TV r—va v
[Agency Tuner] . & 5121 FAgency Tuner for Artists] % [ %%
LCTABL, JA<HgEY — /& L THERSREZ BB L TV 5,
F7o. KREE (mood) DEF - 7 V=T RAEEDDIZD
O, T=X Y7 A7 A [Mood Swing Monitor] % Bi% L
(el : 2022-158647) . St AWFZE D0 RFHAT 0 72 8D 0 e %
DT,
. =i

FISIEA, + BRI L C LRI OB IE T Lo
TZODORMY NEY T — 3 270, EREKOREE R
EREDEIITELDNCHONT, FERGTFEE A
THRAES 5, 7o, EERBORER LA, o0 aHE
DEEIZE TR I N D0 E D D, BEEZIT D,

1. BFZER R

A, ZERINA T AT L D SoA EBRT AT L ORESE

SOA EBRIZIX, HFREISA 7 A WA L7 &, 22
NAT ABANLTFEREDNH DN, N E Tk, FFRE
AT ABEAN LT EREIT-> CE Iz, SEE, Forll,
ZERINA T A BE N L2 SoA EERZ PSR Uiz, 22N
AT ARBETIX, #—7 v F~[AF T reaching 179 2
EMRDBNDBMN, ORI, EATTENCT o F LipZe
AL T ABIMZ BN D, FHhEL, OFEGFE, @ H M)
JEHIWTIZ Lo TIT 9 23, MEARIE TIX, WEET 40
EE SN TWD 720, FEC/NS TG ® %2 L 0 BEHET 5
], T7RbBZEMAAL T ANRKE L THHELRNE <
RBHLDOLEHEEEINS,



EM A TADSARE

ERTiA %

(& fipmiti] — BA L <L DSoA % IFE
* -Gem~+5cm®% lem¥| & T11 564
« HHREFEITE 2 (0emd &10817T)  FH608L1T

(S 3R] — BIEE) L~ LD SoA % TR

s E A EL-2em, Oem, +2cm) o iR E

« R EVAE(-dem, Ocm, +dem) DL
< ERMO0RITT 22+ v FEIT  FH1208T

B. [Agency Tuner for Artistsl] DA%

FREOREZ M LT 572008 MY ~v Y TF—
a > JilE (Agency Tuning) D7D T 7V rr—a v
& LT, BEIC TAgency Tuner] Z#BE¥ L T\ DA, —i
ITZLIC TH vsFEH ] HIBTICOWTOIEME - NIEfE %
T4 — KRRy 7F5HT LT, SOARF ZIEF X —C
tuning L & 9 WO fLlA L e > T 5, ’fEEl‘éﬁfﬁETﬁ’rE
ITLTWEREE, EEREDOKEEDR LIZoNWT, FH &
WO BLE L BRI TFEE AW TIMET 5, AT 7Y
r—a U, PR - RMERE ORI E BIEET b 0
Thb, EHIC, BEED A F=T L) Fik/a s
EDIEHE B L L7- [Agency Tuner for Artists]] 7% B3
L. BR, kEH, R—=F > RIZBWTAR L7, K77
U/r—aid, [Agency Tuner] X0 & #E5ERE <,
SoA fJlBTiZ I T, 50msec DI & 55l 4 % Z & 23
KOs, MEFTLZENKELRY | BFEME
VA N=TIZBT ARG LRy N — 2 (B A T

AffENTHI LT, Xy MU= OFRKEEX S H O
Thd,

C. [Mood Swing Monitorl] DBH%&

ﬁ% MRy HoViE TR & L TEERBRS L
@JE’J&E&% ETHY ., ELADKFZNH DD

ha DHRIERFFETH D,

RATITONTE, BRICBN TS, HFRICEN TS,
MWTTENZ 31T 2 BAEEEORHEA ETH Y | HEWriE 231

éﬁ%%“ﬁm”®A& «4umﬂfﬁ\%%hkﬁﬁ
FTDIEODYVAT APFEL TV, Y TET 7Y 7
—a I, B T7E=4% 1Y 7 self-monitoring (2 &
LH— NP &, HFe =41V > 7 shared monitoring (Z
KD Z AR T, [y DRy “Z” Z Lo Ko7
77 THRREAL T TED L H1Tm> T 5, Agency
Tuning IZ X > T, MO LIEEED —>TH HEITITON
T, BHEIZE THAL SN DD E D, BEEEIT O 720D
Y—L & LCHEAT S,

V. B8Pz

Lth, ERRITHRER - PR EICH LT, EREO
*%E%r’ﬁlhéﬁéf:&)@m%])/\t VFr—gL LT
AT EITV, BERBIZBWT, EREOBENR Y
@io "WI:LTI/K M, BT, oL IRED(A
Bz, ONTIIEEN T L DT HOWTHREEEE D TV

< References
[1] AiE#E : TAGENCY TUNER for Artists)
in JPN, US, Poland) , Feb 15, 2023.

[21 ®iM&E : Mood Swing Monitor] (APP on Google Play and
Apple Store in JPN, Poland, Turkey) , Nov 26, 2022~Mar 1, 2023.

(Japanese Patent-Pending 2022-158647: Shared Monitoring System )

(APP on Google Play
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Abstract— To elucidate the neural mechanisms of "Hyper-
Adaptability" that occur during recovery from a large-scale
restructure of the central nervous system (e.g., spinal cord injury)
or musculoskeletal systems (e.g., tendon transfer), it is necessary
to identify the flexibility and constraints of the adaptability of the
central nervous system. This research project aims to identify low-
dimensional spaces of a frontal-parietal cortical neural activity,
which is called the “neural manifold”, in monkeys performing a
flexible feedback motor task to reveal the neural dynamics for
adaptive motor behavior. Monkeys were asked to perform a
context-dependent feedback motor control task, and frontal-
parietal cortical neural activity was recorded with
Electrocorticogram (ECoG). The results showed that the neural
subspaces for motor preparation and motor response were
orthogonally arranged. This result was confirmed with the
artificial neural network modelling which was trained to solved
the similar behavioural task. These results suggests that
segregation of neural subspaces for motor preparation and motor
response is essential to achieve flexible feedback motor control.

L [ZL®IZ

E F AT U & T AEIEO PR TR, Ak
OMBMEOREENE U-E ., B Ois O %8 2 7=
K720 %~ N U — 27 OFEKR. +T70bb THEES
NELDZ ERMbN TV, BlxiE, FEEHEEIC X -
THERERE L7 L O5EA, 8% Tldd £ 0 IFEhNR
O BV EHAGEBNEF N TEME L S v, @ ORISR &
VR 7R D AR CIRREAR D YE BN I 23 T B [1,2],
F 7o, RREEERNSTHG AT O BRI, @ Ak
IR L SN2 WRRTESIRENT5 2 ENMb6nT

X 1 SCARICHRTE L= 28k 72 7 ¢ — K3 7 sdEdhi
AR (INOUT /)

WA[3], Znbo—HEo TS HROBIEENS 5
STERZ IR, 2D ORI AT R ZE A 13 X A
BRATTIUHDELTHDHD TR —EDFHFID G
LIZELTWAE WS Z & TH D, BT ROFE
BOFNZIHBNT S, [EHEAHEN IR D —UGEE) B & —
UGEENEF ANEEN 225, BHE ORI /e 5 & —RIER) S
OIEFEN I OBHANZIRIGT 2% Z &1272 5[1], £ Tl
R, EATRMRA T = R AN D X D 2 s O
KEHELTWBEDE A D,

IO & PR EB) AR ) 50 SRR &
o To— R 7 E B SRR A LIS AT TCh , EE)
¥ (—GEBF-CEBT 2 ST O=ox—u MO
HIREN N F — NTITEAEEE LN ERTRE AT
5[4l ZDO=ax—n AAEMOMITEI Y — 0T Tk~
=74 R TR, EFIRICEDZELTWDH &
O[5]. AL EFHREPICL B LTSI ERNREN
TWB[6], &HIT, TbAfravtta—F—Af L Z—7
=A A (BCI) ZHW3AZ & TagEoEd L TRt
EEN A — L CER O = —a A2 FF IS X912
PLEHET oL, BN cxEov=7 4L KNT
BCI ZH#fES B RIFIC T, HHICEL EMICED
RNV D Z ENABN T[T, ZUH DR
(1) EERIITZE Loy EEE (Mk~=7 %
U R) DBFET D Z L CTEE LI EB A - Efh5E 0
AReL o TnD, (2) —FH, ZOME~v=74/L K
Ze S DI TR & BIINCTE 2 FIRRIC X D AR el
DFRBMEN /2D T EEBRBLTWD, T DHRE
MNHFHAT T M@ oG] 1 $BEF oM~ ="7 /L
THEULDIOICH LT, [E#EG] 138 Lot~ =7 7
IV ROFAERBVLETH D | EWIRGEHREN T, ZDOMR
SEEfTHY L L LT,

1. B

AWFFCE B O B ix. YL 0 §iEE-58 [E AR IS B
ik LR~ =7 3V RERIET D HiEEMLT 5 2
Ll EBITYINREIGH AT E 21T > TV DO
BISRED A Z P~ =7 4 )V RIS W TR+ 5 =
LTHD, FriZ, BEICHREIREEIT OB, S0k
YRR~ =7 L FHEEIC L o TER SN D0 %,
AN TAREIET L EDIIIZ L > THLZT D,



M1 AFZE AR R

A FRIe T 40— K3 7 ISEFRE T o L RiTEE-SATA 2

AR B AR AN O e ST

~ 717 W 2 BIZxE L CSUIRMEAF RIS IR A TS %
T HELE T S RE (INOUT ) Oillfa1T-
7= (K1) , $ProElicivEEiiaRy b (KINARM)
FREL, PRMEEE K EOD—VELTT 4 —FK
Ny 7 Uiz, iREPICY LVOERIC MV AVELE 525
ZET, MDD T 4 — RNy Z B ETHE L T, AR
1TTI. FPUREES L LT ETo2E/mD > 5 1 &
\ZH =Ty MatEs L, EIEMRE OO B3 L oREic B
To2Fmmo D H 1 HFRoONLE 5 27, YidsEL
PHREIND EFRLH—F v MIBEEEIZ1TH 2 &
HEER LI, ZOBS, ¥—757 v hHmESNELG D —E
LTWBEXITE, YVOFEFZ—7 v bHFRA~fIEH
D72 OYIVITREEIAIC ) 2 AT 2 0BT 2y (IN 5
) . —J., ¥—7 vy MEHFR &S E LR G 2 5
LA FIVIAELICHI > TH —F y MIEBET DL
N s (OUT &) . 2o Lo, Z OFETIESUR
(Z—7y MIE) IZXo> THEL~DINEE B SED
VENH D, a2 T L=V /L 1EEIC®R LT 32¢h &
b Gl gk (Electrocorticogram, ECoG) DM IA A T
Wz To7-, ZHUCE Y, FEF OV OERES)FTE
—UGEENEF, — RN B, SHTAYE 5 B BB M O
RIRFRLER 21T O Z LIk LTz,

X 2 kK727 4 — RN 7 EENHIERRE 21T 5 AL
FRRER > BT — 7 DOREEE

B. ZFHR72 7 4 — RN 7 AR AR OO BiTEH-SA A F B

BHAF I AERE

INOUT FREHFICH /L OREE-BATE R B bRtk Lo
ECoG 12 5 12x LT, Wavelet Z2#1\c X 2 Bk #o i, +
B3 T & B IRSTHITR 2 1772, TEED (i H s L ONE
BB OMRIEENZE M 2 ET Lo, EORER., MhRkE
FYZE I I\ CEEY (I & B A O AR R B 22
NEZLTWDZ ERRBO LN, [AEEO INOUT &
EEIRMN = —T L3y NU—7 THEIFTTEDH L IITL
722 A, NTHRRER v U —27 NI [ARE L E S i
B X ONEE) IS B RO IRIEE)ZE M OB AN HEL L 72
(H2) ., ZoZ Lt MRRIEENIRITO E A M XK
727 40— RNy 7 EENHIENC EE AR R EE S 2 R L
TWAIENRBEEIND,

IV. B8P0z

AEEII=FR PV 2HEICB W TR T 1 — K3y
JISEFEOIE ATV, FO 95 1 BEIZISVCHIEE-§8
TR E AL (ECoG) FLeka{THo7-, ZORER, HEEhE
fifi IR & B S AR OMRIEENR TN EAR LTV D Z &N
BN E o Tz, ZOEZRMETANTAREIREIZBE N T
FH S, ke 7 0 — RNy 7 EEN I E B2 R
ThdHEEZLND, WEKIZ, X5 1 BHOMEIKICE
VN CRITEA-SATE BB BT RSk 21TV, B AR R O 48 [RIPESe
ERERFT O TETHD,
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Abstract—During the acute phase of stroke, alterations in the
central nervous system, such as dis-inhibition, would facilitate
functional rapid recovery. During the chronic period, however,
functional recovery becomes slower. Consequently, enhancing
functional recovery during chronic phase of stroke is crucial for
improving rehabilitation outcomes. In order to establish a new
strategy for accelerating the rate of recovery, we first created a
macro Ca2+ imaging system in combination with a rodent motor
task. Monitoring the behavior of mice before and after a motor
cortex infarction allowed us to successfully examine the activity
of the motor cortex. We have designed an X-Y galvo-controlled
laser stimulation system of the motor cortex during behavior to
regulate neural network activity. By utilizing these systems, we
will attempt to identify the circuits that promote functional
recovery during chronic phase of stroke.

L XC®»IZ
JiRitE ZE i@%bﬂt% X, BN Dk & a5k
T‘$$ft[]ﬁi0>ft1 RO ERICEIET D, £ L
7o RIS uiﬁ%%?‘ FEE D WA 23 BE 4> > T

ék%i%hfwém Bl 20X, KRNN R — Wk B B
MDIZBWT, BHEZERT 2 L EEEGEZ D o7 w
(PR B (2 F U CHNH SRR S A, il 7 e AL e
RFAICAR T3 511, 2 9 L7l < = &?@ﬁ%
FRAI S DR RERME DR BN 2 B2 L CW D REMEN H 5,
—J7. %@%®%Wﬁh ETHIE TR T28HA. 1B
PEINC I 1T A HERERIE IXINEE 2 b O Z W, Fxr DT v
— 71X, B IR L L TR [T O IR ZE A 0 &
BYEHIZ T COMREMZMLIZE B L. FFE OMPREE]
ZHIET 5 2 & T BRI D RERERIE 22T T2
OFEEZRRTDHI LB L TWD, BIRMICIE, 15
BEMWEN VB R REAITOE 2 ERR A2 D B, g
IREA A=V 0 7B I OERAERENTEE A5
ERAA DR T, FEZITHO M1 A, EEhE KR S wT
%, FZOREBRICBWNTCED L) ka4
ONEBEL, W oREERREZ LR HBEE] 25
G LR A OTR BV EE A B R T A Z L2 iR,
FEE OARRRIEE O HIENC X 0 BERERIE 229 2 L 3 sk
ME, £ 9 LEEMmRZISH Lo REEDOBIRE A~ L SR
LT ENHFEEND,

1. A

FomEs %%@ﬁ*ﬁ*ﬁ@kﬂu& 4D TeE il ofil] 45
PRI, RN R EEEN B s O #5786 Eé@ﬁ@%@ﬁé
NWE = REREIND X O, BERDHEBEZV[2],
7=, Foex b FTIE. I ML 2RV ﬁﬁb%‘ﬂﬁﬂf%o
ThH, FToHEBETIIRMEZE LY bR L~ THIEN S
N5 ZENLERZNEEZ B3], AEEIX, 9L
T-RICEE L2 S, FIZ ML IZKD#lE S, ML ©
BEICEVEENRELSHES Z ENMBN TV D EFT
A HWT, HMEEREEOREZFHEIL, 2 b & Ml
HBIERT#% OMRITELNS X OSEIEEOZ L, & HITidsh
FRAIGEENHIENC X A EEOFEHREZ B L T AT AOMEE
EIToT,

II1. BFZEAR S

KA O BERIpRA Z LLUTIZ 3 2%, Th Th il
ZaHT 5.

A BT RRRESERR U AT A DR
MERFESO T L—T1F, FolEICB W CES)
B AMFEZE DRERERIEORE 2D Z LI Ve
TWOBFEITIREY AT L[4 2L LTI, 280 AT
WL FICNEOE X 2 =4 — L., DeepLabCut[5] &l
BOT7 NI Y X LEMAGDED Z & THUERBTFMD
BH-Z L EHBCRHIITE D LI > T 5, HE)
PPRMASFE 13T 2 D 7 N — T O RATIHIE[1] & AR, v —X
R TNV NGIEN 5%, Fkta LED % M1 O R ESALIC
M5 2 L CREZEZERK LTz,

Fig. 1. Falling limb detection in ladder rung walking task. DeepLabCut (Z &
LW OALER & % T L7zBRO Ak - A0 - HEICL Y. B TFEH
Eo



Z ORGSR, TEE) B AT FE 1 d5 TR ZE Bk oD kA oD
AT L ORI WO THF 2 DAL D BED BRI 5
Bz A Uiz, REEE, ZOEEEZ AW T, SR
ZIZB T 2 MEOHFHEE DR TELZRHLTETH D,

B. InvivoCaX' 4/ A—T 7 (wrmaAf A= 0) ¥
PO

F7o, A OITNV—TE, ITEIF~TU A Ml @ Ca2+A

A= 7B L ONBETFHEE Y AT AOHEEEZIT >

7= (Fig. 2),

Fig. 2. System for macroscopy for GCaMP Ca2+ signal and optogenetics
laser stimulation. £l : #5¢ Ca2+2 v Y—~r A A=V T HO
= b, FESEIE 409 nm 3 L V405 nm D 2 HEE TTL > 7 M &
D ZREIZRIT 5, ZThZNno TTLIZEDE T, CMOS I AT DY ¥
v X =& LTS, Al LR, 41 7nly 77—
ENLTHA SN 2HED L —Y — 3z 37 —128 Y X-
Y B CHIE S AL, RO EDOHEREFE S D Z LN TE D, gk
DD, K77 AN—BIOAF ¥ LU XFFER L TR, A A
— VU TR, EREEBEOY A 7al v 7 I T—
(ZT470/640rpc-UF2) 134+ L7RBBIC 72 5 TR Y, HFREIHCIL, 7§
ASnIRigL 72 5,

Fig. 3. Macroimaging of M1.4; Ca2++% > —GCaMP6f % injection L
7= M1 DIEBNA A—2 0 7, 490 nm HERF OB, 2 RETNZh
25Hz THRf® L T\ 5, Scale bar: 500um,

48 (405 nm) WEDOHIE. GCaMP O isosbestic point (I
IR R E (AR ZHTHHE) THOH, &
(490 nm) K THILE S D ISEMRAFRY 7228 A 7 (A
P)WIRELTL 5/ A Aoy LR CRefiEhiex & 5 &5
oMb, TDOD, LTFoHEXICLY, /A Xy %

Brzs LT Ca2HRERAFRI 286 7 F /W (AFe) & B L
TWb, M. alZAR BNAF TP+ Lo icskdbhn
T2 TH B[6].

AFec=AJF -a/R (1)

FRROT AT AT, JRAOFRAEERR I 1T D KK
B AR B O A E] & ALBEAL O JRTEIZ DWW T 50
L7271 THWIEEN R « SEBEFRRE S AT &
ITENFEBRE=X V) VTV AT A ESET D Z & THEAL
2R Lz,

RV AT BB AVT, I X D EEEERRE O[]
i & RIEB O B(LOIT 2 1T> T\ 5, iz, H
NN ) 2T Nz —F—E/RICL Y, FEoE
DOFRRIEE) 2 SRR FHTIEIC L0 B BT 5 R HAIA
L2 LI LTRY, S%BAEEZED TV,

IV. bV iz

PLED v AT 22 L0 ATEVRRBE AT O R IE B 5
- FEAATRE L 2R o 7208, A A=V TIT DN T
JED “IRICIERETGT 5 Z L2 b=, IREEIL,
BRAEBPNTELHAGDE T, KINEERE, &6
RS - BUR b B O RE FTOIRE b T 52 & T
SIRICH e AR IR B 2 G U BRANEI 23 5 2 5 IR EL e
BHINRD, FRIUT I Y L IRE R ]S A A g Ak
H~BPEHNC T T ED X HITBLT DD E R L
ZNHOHIENC X v BRERIE AT Z L2 BT,

AL, REE TR EEZTTZRETH D, WAD
15 AL AR 2 33 1T D KM R B (AR I8 B o 2 1] & AL
FNLD JFFEIZ DWW T H B 5T L THRE L72[6],
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Abstract—When the right hemisphere is damaged by stroke,
hemispatial neglect, in which the person ignores the visual space
on the left side of the body, appears with relatively high
frequency, even if the vision is normal. It often improves within a
few months, but in long-term residuals, the 'not noticing' of
objects in the left space can interfere with daily life. Various
interventions have been tried, but there is currently no definitive
method. This study aims to gain insight into the methodology and
neural mechanisms of spatial attention to help improve
hemispatial neglect through hyper-adaptive interventions. This
year, we designed a task to discriminate the attentional network
damaged in hemispatial neglect and developed an Augmented
reality (AR) intervention system.
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Fig. 1. Experimental paradigm
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Fig. 2. AR system to present the whole visual space to the rigth visual space
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Abstract— In the treatment of spinal cord injury and
traumatic brain injury, it is believed that adult nerve axons do
not regenerate, and there is no fundamental treatment. Therefore,
many attempts such as iPS cell transplantation are being tried for
spinal cord injury treatment. The various trials to apply
molecules that promote nerve axonal regeneration to drug
discovery have also been made in model animals around the
world. We develop applications to this problem by applying new
concepts and methods of preserving lost circuits and exploiting
latent circuits. Furthermore, we are trying to build a system that
can estimate the functional recovery of model animals to humans
using an Al learning system.

One of the new methodologies is the application of synaptic
connectors. Synapse connector “CPTX” is an synthetic chimeric
protein inspired by a synaptic organizer ”Cbln1”, and has rapid
and strong synaptic formation ability by cross-linking pre-and
post-synaptic molecules. We have shown that this synaptic
connector enables recovery from chronic-phase of spinal cord
injury (chronic-SCI) models. This chronic phase was difficult
despite various trials for recovery of SCI. In addition, a synaptic
connector and a system for improving the regenerative
environment that facilitates the hyper-adaptation have been
prepared. In order to analyze the physiological recovery process
by these interventions after SCI, we also proceeded with the
constructions of Al systems that analyzes motor function in detail.
Taking advantage of this result, we will challenge the control of
inhibitory neuronal circuits using next generation- synaptic
connectors.
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Figl Strategy of Synaptic connector
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Fig2 Strategy for other synaptic connectors
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Fig4 Analysis of Hindlimb movement by motion capture
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Abstract—In FY2022, we established a methodology for
simultaneous recording of transcranial magnetic stimulation
(TMS) and electroencephalogram (EEG). To evaluate human
functional neural networks noninvasively and quantitatively,
multichannel EEG was continuously recorded while TMS was
applied to the primary motor cortex (M1). TMS evoked
potentials (TEP) obtained in contralateral M1 are thought to
reflect interhemispheric inhibition (IHI). Therefore, IHI
asymmetry has been considered a biomarker of poor recovery in
previous studies of stroke patients. In FY2023, we plan to apply
this methodology to hyper-recovered stroke survivors.
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Figure 2: TMS-EEG recording (left) and raw EEG
waveforms without pre-processing (right).
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Figure 3: Superimposition of TEP waveforms in one subject
(upper) and the scalp topography of TEP at 30, 40, 50 and 100
ms (lower).
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Abstract— Our brain, especially somatomotor cortices,
shows a somatotopic representation, a point-to-point
correspondence of each body part to a specific brain
region. The aim of this study is to investigate how such
somatotopy is affected when the subjects lose their body
parts. We perform physiological mappings of these cortical
areas of adult Japanese monkeys in the awake state, who
lost their left distal forelimbs accidentally in their
childhood.
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Abstract— Compensatory plastic changes in the remaining
intact brain regions are supposedly involved in functional
recovery following stroke. Previously, a compensatory increase in
cortical activation occurred in the ventral premotor cortex (PMv),
which contributed to the recovery of dexterous hand movement
in a macaque model of unilateral internal capsular infarcts. In
this project, we investigated the structural plastic changes
underlying functional changes together with voxel-based
morphometry (VBM) analysis of magnetic resonance imaging
data and immunohistochemical analysis using SMI-32 antibody
in a macaque model. We observed significant increases in the
gray matter volume (GMYV) and the dendritic arborization of
layer V pyramidal neurons in the contralesional rostral PMyv.
Therefore, compensatory structural changes occur in the area
during motor recovery following internal capsular infarcts, and
the dendritic growth of pyramidal neurons is partially correlated
with GMYV increase. In addition, using a macaque model of
central post-stroke pain (CPSP), we have confirmed the
involvement of increased activity of the posterior insular cortex
(PIC) and secondary somatosensory cortex (SII) to
somatosensory stimuli in mechanical allodynia by a combination
of imaging techniques with local pharmacological inactivation.
However, it is unclear whether the same intervention would be
effective for thermal hyperalgesia. Therefore, using the macaque
model, we examined behavioral responses to thermal stimuli
following pharmacological inactivation of the PIC/SII. Our data
emphasize that increased activity in the PIC/SII after appearance
of thalamic lesions can contribute to abnormal pain of multiple
modalities and modulation of PIC/SII activity may be a
therapeutic approach for thermal hyperalgesia.
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DA /RME S 4172 (Fig. 1) [5],

Fig. 1. Brain regions displaying a significant GMV increase post infarction.
A) Vertical white lines indicate the location of the coronal slices displayed in
B. B) Significant GMV increase is observed in the contra-F5 as one
consecutive cluster with a maximum at the third slice (x, contra-
ipsilateral =24.0, y, rostrocaudal = 5.0, and z, dorsoventral =4.0). The cluster-
defining threshold is set at Puncorrected < 0.001, with an extent threshold
Pcorrected <0.05 (FWE correction). The scale bar indicates the T score. F5,
ventral-rostral part of the premotor cortex; CS, central sulcus; ASu, upper
limb of the arcuate sulcus; ASI, lower limb of the arcuate sulcus.
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Fig. 2. THC using SMI-32 antibody in M1 (A-F) and F5 (G-L). A, C, G, and
I) Nissl-stained sections adjacent to the SMI-32 sections displayed in B, D, H,
and J. E, F, K, and L) High magnification images of the pyramidal neurons in
the layer V within the squares in B, D, H, and J, respectively. SMI-32-positive
pyramidal neurons with smaller cell body are frequently observed in the layer
V in the hand area of ipsi-M1, relative to that in the M1 of intact macaques.
Contrarily, the neurons with extensive arborization are more frequently
observed in the contra-F5 than in the intact F5. Scale bars: 100 pm.
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Fig. 3. Effect of PIC/SII inactivation on withdrawal latency. Withdrawal
latencies (in sec) of the contra-lesion hand for each thermal stimuli after
muscimol or vehicle injection. The withdrawal latencies for thermal
stimulation (50-52°C) were increased compared to that after vehicle injection.
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Abstract—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. For this aim, we
investigate (1) Probabilistic latent variable model for analyzing
long-term multi-modal data, (2) Integration of computational
brain network and musculoskeletal models, and (3) Motor
learning experiments with VR/Robot technologies enhancing
hyper-adaptability.
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Fig. 1. Structural change of functional connectivity underlying in sleep
EEG identified by using CP decomposition and TVGL.
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Fig. 2. Constructive modeling approach.
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Abstract—Neural integrators offer a promising
model-free approach for handling high-dimensional
control problems. It still remains an open problem on
how we can create motor learning of modular structure
and its generalization. In this study, we investigated
neural integrators for inducing dynamic equilibrium
for multi-limb multi-joint system and motor synergy
generalization framework for unlearned motions.
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Fig. 1. (A) Phase portrait of two double pendulums connected to a common floating base. (B) The shoulder and the elbow move over
time in anti-phase. When the common base was fixed, there was no interaction between the two pendulums. When the common base was
floating, the pendulums achieved anti-phase oscillation instantly. This implies that "phase modulation” could be achieved with this method.
(C) When neural integration was not used, the oscillation could not be sustained.

Fig. 2. Results in sagittal policies. (E) An example of snapshots in the sagittal targets. (F) Trajectories in the sagittal targets. (G) Learning
progress. (H) Trajectories in the various targets with different 6, including unlearned ones.
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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.

Pattern Formation

Reticulo-
spinal tract { \
: Muscle
Vestibulo- " activations
spinal tract

Sensory information

Fig. 2. Framework for the modeling of locomotor nervous system.

REFERENCES

[1] Ogihara, N., Hirasaki, E., Kumakura, H., Nakatsukasa, M., 2007.
Ground-reaction-force profiles of bipedal walking in bipedally trained
Japanese monkeys. J. Hum. Evol. 53, 302-308.

[2] Ogihara, N., Makishima, H., Nakatsukasa, M., 2010. Three-dimensional
musculoskeletal kinematics during bipedal locomotion in the Japanese
macaque reconstructed based on an anatomical model-matching method.
J. Hum. Evol. 58, 252-261.

[3] Ogihara, N., Kikuchi, T., Ishiguro, Y., Makishima, H., Nakatsukasa, M.,
2012. Planar covariation of limb elevation angles during bipedal walking
in the Japanese macaque. J. R. Soc. Interface. 9, 2181-2190.

[4] Ogihara, N., Hirasaki, E., Andrada, E., Blickhan, R., 2018. Bipedal gait
versatility in the Japanese macaque (Macaca fuscata). J. Hum. Evol. 125,
2-14.

[5] Ogihara, N., Aoi, S., Sugimoto, Y., Tsuchiya, K., Nakatsukasa, M., 2011.
Forward dynamic simulation of bipedal walking in the Japanese
macaque: Investigation of causal relationships among limb kinematics,
speed, and energetics of bipedal locomotion in a nonhuman primate. Am.
J. Phys. Anthropol. 145, 568-580.

[6] Oku, H., Ide, N., Ogihara, N., 2021. Forward dynamic simulation of
Japanese macaque bipedal locomotion demonstrates better energetic
economy in a virtualised plantigrade posture, Commun. Biol., 4, 308.



B05-3 M D FIK « #RERERIZXTT 5
JAR T B T SRR 16 D R 1 s

IR 2B

FORRT: RFReF i L5

Abstract—It is often assumed that sensorimotor experiences
evoked by infantile spontaneous movements have an essential role
for development of sensorimotor coordination. We focus on
analyzing sensorimotor data during such spontaneous movements
in neonates and infants, to understand the specific functional
recovery and compensatory processes that occur in early
development. We collected and analyzed motion data from neonates
and infants to identify a dynamic transition in sensorimotor
interactions, such as “sensorimotor wandering,” which emerged
spontaneously in neonates and infants. In this year, we showed that
neonates and infants learn patterns of sensorimotor interaction not
only in the spatial direction but also in the temporal direction. We
also developed a model to emerge muscle synergies in task-free
movements, which enabled the verification of acquired muscle
synergies contribution to developmental behavioral acquisition.
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Abstract—Functional connectivity is an important measure to
evaluate relationship among different brain regions. While
several recent studies suggest that neural population dynamics is
represented as low-dimensional subspace, such the dynamic
spaces are not investigated for functional connectivity yet. This
study aims to develop a method to detect low-dimensional
subspace for the functional connectivity. For this purpose, we
examined the results using a method using auto-regressive
models for electroencephalogram during reaching and a method
using time-varying graphical lasso for electroencephalogram
during sleep and electrocorticogram for reaching task. We found
the possibility to detect dynamics related to the behavioral states
in the low-dimensional subspace while many issues are to be
solved.
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Fig. 1. An example of three-dimensional (left) and two-dimensional
representation of the states using AR-based models for the reaching data.
Upper figures show data without smoothing and lower figures show results
with smoothing. Each color indicates different behavioral states (rest, cue, and
exection).
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Fig. 1. Motor learning model of reuse of controller information including
muscle synergy
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Abstract—We have built a system for virtual eyes on the hand
experiment, presented a demonstration exhibit and designed the
experiment. For the system for virtual eyes on the back of the head,
the experimental system was constructed, and data acquisition
started; We found that the motor learning occurred, and the
walking became smoother and faster during 10 days. In addition,
experiments were conducted to verify the adaptability of humans
for long-term learning of an impossible body with joints that bend
in opposite directions, a virtual walking system with different
directions of gaze, and a system where two people operate a single
avatar.
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Abstract— Beta rebound, synchronous brain activities in the
beta frequency band that appear after execution (Go) and/or
suppression (No-Go) of movements, has been studied in the context
of motor decision-making processes during upper limb voluntary
movements. In the first stage of the Hyper-Adaptability project,
we showed, for the first time, that there exists a beta rebound of
electroencephalogram (EEG) activity during perturbed upright
stance in response to a brief support-surface perturbation, using
the perturbation-onset as a triggering event. Particularly, the long-
lasting beta rebound appeared during a period of time when the
postural state recovers slowly toward upright position along stable
manifold of the unstable saddle-type upright equilibrium of the
postural control system without active feedback control (OFF-
period of the active control). Here, in the second stage of the project,
we are examining whether a similar beta rebound can be observed
during quiet stance. In this case, the “micro-recovery” is the target
timing of our examination, during which the postural state recovers
slowly toward upright position following the occurrence of the
preceding micro-fall. As predicted by the the intermittent control
hypothesis, we showed that EMG activity level of mediolateral
gastrocnemius was low during the micro-recovery, implying that
the postural state recovers during the OFF-period of the active
control. Then, we are currently analyzing the Event-Related
Spectral Perturbation map during the micro-recovery, using the
onset of micro-fall as a triggering event. The interim result
suggests the existence of beta rebound in the micro-fall during
quiet stance.
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Fig. 1. Postural sway in anterior-posterior (AP) direction and the
corresponding EMG activity of medial gastrocnemius during human quiet
stance. Top, middle and bottom traces exemplify time series data of CoM-
AP (center of pressure in AP direction) measured by a motion capture
system, CoM velocity, and corresponding full-rectified and low-pass-filtered
EMG from mediolateral gastrocnemius (MG), respectively. Vertical dotted
lines indicate the sequence of micro-fall events.
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wavelet-transformed EEG at Cz electrode (ERSP).
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Abstract—Here, we developed a model for learning a two-
target search task. In the task, the agent is required to gaze one
of the four presented light spots. Two neighboring spots are
served as the correct target alternately, and the correct target
pair is switched after a certain number of consecutive successes.
In order for the agent to obtain rewards with a high probability,
it is necessary to make decisions based on the actions and results
of the previous two trials. Qur previous work achieved this by
using a dynamic state space. However, to learn a task that
includes events such as fixation to the initial central spot, the
model framework should be extended. For this purpose, here we
propose a “history-in-episode architecture.” Specifically, we
divide states into episodes and histories, and actions are selected
based on the histories within each episode. The proposed model
performed the task close to the theoretical optimum. The
learning model including the proposed history-in-episode
architecture and dynamic state scape provides a basis for hyper-
adaptable learning systems to complex environments.
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Fig. 1. Two target search task. (A) An illustration of a valid-pair switch.
Green circle: correct target; arrow: choice (B) The event sequence of a trial.
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Fig. 2. Schematic diagram of model operations as training progresses. (A)
The first trial of the one-target task after completion of the fixation task.
Episode-dependent memory sets corresponding to task events 3 and 4 are
newly generated. (B) While it is learning the two-target search task. The
number of states in task event 4 is still increasing. w.m.: working memory;
arrow: choice; ob: observation; a: action.
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Fig. 3. Comparison of the performance on each task between models. (A)
Evolution of the correct response rate in the fixed one-target task. (B) The
fixed two-target task. (C) One-target search task. Dashed line: ideal
performance. (D) Two-target search task. Dashed line: ideal performance.
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Abstract—This study focuses on the neurofeedback training
system for attention control. The achievements in this year are as
follows: A) we demonstrated the training effect based on SSSEP,
B) we improved the proposed neurofeedback training system,
and C) we preliminarily examine the training effect based on
SSVEP.
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Fig. 1. Behavioral changes in SSSEP neurofeedback training.
A: GoNogo task. B: Hand choice task.
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Fig. 2. Behavioral changes in SSVEP neurofeedback training.
A: GoNogo task. B: Line bisection task.
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Abstract— As we acquired skills or adapted to new
environments, we were able to do so with limited information
through trial and error. In this study, we define the adaptation
process based on exploratory behavior as "exploratory
adaptation', which we hypothesize to be a computational
mechanism of brain function involved in hyper-adaptation. The
aim of this study is to elucidate the neural basis of the
exploratory adaptation. We approach both the computational
and the imaging analysis by building a model of exploratory
adaptation based on meta-reinforcement learning and by
performing fMRI experiments using a visuomotor task. This
fiscal year, we built the computational model and reproduced
human behavior data in an exploratory task.
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Fig. 1 Experimental task. The fixation cross was presented at the start
position. The timing of the target presentation (white filled circle) was
randomized across trials between 1 and 13 s with respect to the presentation of
the fixation cross. Participants were asked to move a stylus pen tip (dashed
circle, invisible) from the start position to the center of the visual target within
1 s after target presentation. When the pen hit the target, participants received
reward feedback (a filled white box explosion). Unbeknownst to the
participants, the reward zone was shifted by +5° in some of the trials.
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Fig. 2 Simulation result. Model simulation for behavioral data from participants (N = 25). The model adopted estimated hyperparameters that fit each
participant's actual data. (A) The course of the reward zone angle over trials is indicated by the shaded area (cyan). The gray line is the reach angle of the
simulated agent responding to the reward zone shift. (B) The average reach response across the simulated participants for + 5 degrees of rotation (PTB+)
and -5 degrees of rotation (PTB-). (C) The histogram of the change in reach angle between n and n+1 trials after a successful trial (green, R+) and after

an unsuccessful trial (R-). (D) The average of the change in reach angle for R+ and R— across the simulated participants. (E) The transition of the
variables of the learning agent. From the top, Rewards, Memory, Exploration SD, Rewad precition error and Value over trials. (F) Control policy of
Exploration SD. The scatter of Exploration SD over the values is plotted with the linear regression line. The bar graph in the upper right corner is the
estimated slope value across the simulated participants.
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