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Increasing the use of paralyzed arm by rehabilitation system based on the 3
dimensional motor recovery model
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An impaired motor skill as a result of damage in the brain tends to be
unchosen in daily life, which potentially causes a decrease of use of the impaired motor skill and
thus yields learned non-use, in the end. Here, we proposed a computational model to explain this
process and simulated it for a limb motor control and grasping. This model is composed of Hebb' s
learning rule, internal model learning, and reinforcement learning, whereby we can capture the
recovery process according to three independent axes. We also developed a robotic manipulandum,

which may give an assistive force environment for people to identify how well the brain forms the
requested motor skills.



# X Cc—19, F-19—-1, Zz—19 (Gt@)

1. WFFEBRAR Y WD 5

e R O IR E L OB E OB ENBI ALY T —ar ArRy M3 H 2 TR,

EA TR Ty —RERSHR LS TS, UL, £ TOHRGR CE TLO T AX ST LI,
PARYNIERIFIEI LR TORE DAL 01T TBL T, ZOWIER &+ o2 sI X LTV
V. FRUAED 2 Fex i, ZORBERY ARy OLOORETIIELS, TeLA TFERERIFE |23
i FTREZ R L AL T BRI S I TR WD EE X 7o, T ETRIE O THHE N ITRFL T
ZUNEY T —var B TS OFERA~ERE T 57-0120%, THERERIE | O AT AT 2 HHER D
BARARTHD.

REF T NV NIRESNDVEROET 2B E T L8, EE)F B D ET A L DL L &7
I HDRZ W FAZex 1k, R THIO THEB) ¥ E O F b OJF | 2R R L, ITEERICE->T
TET AL EELUTE . InaR RS, (A)/NKB) RIS R (C)— R IEE) B O 4 s R i 4,
R (A) ZhdbY 78 (B) #1k7E (C) Hebb FH RNZRHGANT 52T, & EBAL DR HS i fe i
bz i@ U CE BN R E 2 A4 il d 2 3R LI RERE 5 £ 7 V2R 2, IRIBBIC IO MGEE R A @~ T
AN ISR A AL LT,

TNERBESYE, BRERIEOET VAR T LV EBICE -T2, (ERMFZECIE, THEREMITE 1318
BIZ Lo TR A —&S #4172 Hebb 8 OTLHEIZ LD B EHBERE O Ry b — 27 D PR & L CBR A
SND. UL, ZOWERET VO RO R GIE, WG OEE) Tl 8 YA H (Learned non-
use) AR ALD THHETTE) - (EATEY M TEE /2D T, REHF MRS O Pk LIE B RE D[R 13—
= DBRICIZZRBRNWIETHD. —J7, (REF I, IMFEREREF 3 T B b ) 230 U C 2R iEE)
EELERT DA =R LA AL T 21T, BaREIE L E S E LIRS &, FEER
fifi FHOBRARIC 22 i A b O JR B DS EAR R R ThDHEWIE AT, ZOFLWFEAITEL-S<3
WOTHEREEIE T 11T, 32D FHANCESIREHBRATRELTEL2D, ZhH3EHDT L NT
VAL TR AR 2 BT 2203 kD, ZHUCEY Hebb Z2E 721 Tl bivieio7
PEBYERFER | DA =K D, VAT K2 AT REe L~V TR 52 LN T& .

2. WD EH)

Jibd 75 R R Se DU E YT —al TR E A e EOREATEI NS /720 A% L7225
EFNOFIFHD N 725, FEEBEE O FHRAICE B LRI YT — 2 a AT, 2
DB A O IR FAR A B O T HZ LT K72 o7z, 22 TR T, (REFDIMELL
7= ) 78 O P EE LR IZHE DN, BN /M - FE R MED e D 3F D - 7 LAY X
LDNTATFE B UTHILOERERITE 7 VAL, FEMERERNOAN =X L5 AT LTF0
SEGEDDIRIAT 5. 2O LRI T AE VIR, TTEDDIBTER e REHAHEEL, ZharRyh
UNEVT —2a A RESELZETRMEM Z ik PRI LR R THD. ZOFLNT T r—F
IZEESWT, RIBEITE ORI Z B &3 2 TR BLEA 0AR Y N YT —al | OWF R 2 i
NS

3. W7D TT ik

ZOWFGETIE T EYEARE I DR ET DA = A LE VAT AT EOS N BRPIL, 2O G
iz« i) FHEZBRETD. ZnauRy AT —va AL, B2 RELIRGEFERZTTD.



KBIL CTRO 3BFEZ 531 CHFFERT i 23T

(1) 2B VA ) o0 R B L BB | LD TR o A8

(2) T P ZE S D HETE AT ) TANE F DRl B 487 ) 0D PR 8 LA i 43R A LS LD AR SR R
(3) BAFELIZFiEZuR U~ AL, 2EH F BRER 512 R E LT R O BEE

ERZEL, BT NV EEREROBEMEEZGR S HIETuRINDROMN SR EZA ST 5.

4. BT R

JIZE HZ LB R D O SE B RE (M L2 B 35 T MbE T o7, BT LD RLETHDIZLL T O
TR THD: FRICL DR EI 2% 5l T5. HOSIRRY AR, /I AZELIFE
BEE W SLEBNC LR AT . SO RO SEIEBNC LD E R I LT, BiRA S
B FFEAZUREBIEOMITRIC L3 S % 042 T 2 iE B 2 (E IR PR IMAs k- Tl
BRI IS A VR A, TARO IR 2NE U EBNCFEHE 252 T 5708, FIfiE D
R ZEIZIVEBAEE T 5. SO, FE O, REERICESTEIRE1T). Lol &k
HIIFRNBIC Z > TRARIC BT DM R BN EEL, AIRE T D0RIEE S EE T 5.

ZOIHR MR EICIBNT, HEERITE DO AN =X LaTT LT D72DIT, KIMEE O fhitii g
D)% K HEE DRFMEE cosine tuning function (ZX> TET /LT 5. KTIZEHRGHIEA cosine
tuning function ZFiH, AJIZEMITXL T receptive field ZEEL TWAZEERT . £ MRGHIIILUT
BOANNEZTHT DN, ZNENEE G AR, ZO V5 KB I ES H L 525
0, ZNENRABIEDO DRI > TSNS, T7200, EEFE S IR R O 5 KB D
HAHT ORI IS TEMGFFLSNTWD. T /L E TR0 NI EAZHNT T, 2
DfsFIZ LD LI IDEB R T S D, Bl L, ANEZ T 5N EOBEIE->THE
B, o, EERRZICID BTN R SND. ZOFERIE Hebb 78 QI 2l 58 2 X
STUTObNS.

F7o, ERELEEIERORIT, TD #Ezi/MET 2L EET VICEoTITbN S, i
(IH AT DRI KB > TH 2605, RIEITEN T RITZY 7 b~y 7 AL~ TEAbS. Lz
3o T, AUEHEIR AT B IR 3528 L7 ME B BU G > THERIYIZRIRS N D.

FHEB DM EBRIZE T 2T /U T, K€ DOIEE) 7 1812 38 J7 A2 - R A i 258 ] #
WCHBRSZ &I ED, ML D R EDF A=V il 45, K2 —ailB Wik, AZEL
IR E A Min s, AZLEFmAEFLELTOE DO CHIBRL .

21232l —rar i Rarnd. 2 ORI OIE KB Z7RL TS, JROKRENIEEFSF
FICRDEENFE T A RL TS, 777 EBRITFRBIERORIRMERZRL TWD. 777 T BT Hm
SR A RL TS, B DX A=V % 50 AT HIZEAT D, 20%, WMBIHEEN TH5LE0IT,
A ATRER R IREN S IO %, UL, JIsREIE, Wi LAL, HEEE e
HINTIe BT ENIRENT.

F72, BMOI2L —2ar Tk, Ry MIED TV ANAERE T 5281280, TV AN 2@
THZEITLY, KERERIE I L DR OIS 22 E T DI LD RENT-.



Trial=2951

PrecisionGrip Precision Grip

Mator command

Success

Yoy

500 Illﬂﬂ 150[! 2Ilﬂl3 2500 000

I
&

000 1500 2000 300 3000
Trialse e i

1 GEENE S OMANED K2 33zl —iarfER

DX Ralb—ra N EE SRR RIE A KB A7, EEREEE R B EB A kL
L7z T7 ARy RS LTz, K31, TTIRONT T4y I A B —T 2 A A% B HIETERIEL
o, AT AR hOSMEZ R, e, AEKSITHITICBIR LT FRR R A xR e LT
TV ANR Y MO EH K S AT,

B3 R T v AREAR Y b 4 WFoRyhoOEH | K5 BAFELZmFoRyh

T ARy NI B EB TR LR CST 18 O & 357200 Tidel, £ oEB)NIIX L TT
WD NEERTHIENTRETHD. PIAITIREB OB TIX, NELIEOEBZFHHIL, ZOEER
TEAHEEL, ZOHEE LITIRIBICHIBE 328012, BUROE#Z VR - 22 LN TED. Zhicdy,
MR AN ZERNCBNT, RUEITEN ISR To AT 25 il 1 Zﬁy‘%ﬁéﬁé ENTED. ZDEH
TRIR 7R R BR D AN TN LT, i S 1D Hebb FHANC LD FHAMMIES Y, Bl )7 M4
G 1AL E T D2 ENTED. @ FEENICRB VT, FREZZ T AERZECTODFIC
ﬁ%ﬁﬁﬂ@?@@?jﬁlﬁﬁ;ﬁ?‘éiﬁGlﬁ@ﬁgﬁéﬁzé_}:#f%é.

ZDOEANT, RBFZETIE, FFERNTT VIS Lo TENT, REREEREROE A 7 iEE, Rk
WL TEATAIHEL, INEFEHETI Ry MR L.



5 5 0 0

J lzawa, T Asai, H Imamizu 104

Computational motor control as a window to understanding schizophrenia 2016

Neuroscience Research 44-51
DOl

10.1016/j -neures.2015.11.004

Fujiwara Yusuke Lee Jongho Ishikawa Takahiro Kakei Shinji lzawa Jun 7

Diverse coordinate frames on sensorimotor areas in visuomotor transformation 2017

Scientific Reports online
DOl

https://doi.org/10.1038/s41598-017-14579-3

Lee Kangwoo Oh Youngmin lzawa Jun Schweighofer Nicolas 8

Sensory prediction errors, not performance errors, update memories in visuomotor adaptation 2018

Scientific Reports online
DOl

https://doi.org/10.1038/s41598-018-34598-y

Yokoyama Hiroshi Nambu Isao lzawa Jun Wada Yasuhiro 12

Alpha Phase Synchronization of Parietal Areas Reflects Switch-Specific Activity During Mental 2018

Rotation: An EEG Study

Frontiers in Human Neuroscience online

DOl
https://doi.org/10.3389/fnhum.2018.00259




Kita Kahori Osu Rieko Hosoda Chihiro Honda Manabu Hanakawa Takashi lzawa Jun 13

Neuroanatomical Basis of Individuality in Muscle Tuning Function: Neural Correlates of Muscle 2019

Tuning

Frontiers in Behavioral Neuroscience online
DOl

10.3389/fnbeh.2019.00028

2016

2019

Izawa Jun

Application of computational neuroscience to robotic rehabilitation: a conceptual study

Conference: 2018 International Symposium on Micro-NanoMechatronics and Human Science (MHS)

2018




2018

10

2017

MBR

http://izawa.emp.tsukuba.ac.jp/MBRProject.html

(Hada Yasushi)

(80317700)

(12102)




(Yumi Murata)

(80512178) (82626)
(Tomoyuki Ueno)

(10390931) (12102)
(Otsuki Mair)

(30609095) (12102)




