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Study on syner?y of muscle kinesthetic sense with applications to assistive
control technology for voluntary motor training
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Human force perception properties was analyzed during a target motor task in
considerations with arm movement properties, such as arm posture and muscle activity. A measurement
system for analyzing the arm movement properties was constructed using an optical motion capture

system and an EMG measurement instrument. A set of operation experiments for a circular motion by
both arms was carried out using the manipulandum, and demonstrated that human force perception
properties was influenced by the constrained force when the virtual circular orbit was set in the
handles’ motion. Furthermore, a cooperative motor training for a pair of trainees was proposed
toward the application into motor learning/rehabilitation. A set of preliminary tests in the balance
seesaw task was conducted, and an assistive methodology for the cooperative motion was developed in
considerations with movement timing and operational feeling.



¥ X C—19, F-19—1, Z—19, CK—19 ()

1. WFZERRMEL IO 5

(1) aRy FIFORBIZHEY, T/ Faxz—H 2o 2IEH LIER T R FEEOR
HREBERT T U TR E, MEHET A AOMIERIRMIERIZEIN TS, T b
— R0 = THIZRERE IS VIR H D73, LD (BRERK) SReMICRE B e 5.2 5 #
MeA > 2 7 = — A DOEAEREE 72 & ONTHIER OFXEHIBE LTI+ & IEE 2. BEIZAME
—R & Tp o TRIENT B BT A A B FEBLT 5121, NHEOFERE#EICINZ T, BReEifEr
FET HEBHE A D= XL EEROEETEBEE L, B LW AR T 2 L ER S
5.

(2) HERIITHRPIRICI AT, FRMECEESAE (K58 2MRET A 0ER (B8%R)
bEEND. ZOMERORBEL, FROMEE GG U TEL, ZMNENGFETHZ
ENHBNTWS, — T, 2N ETIo3E LR OREREICRET A8 505, B
WAL ER EFEE L ZERERNFETH LR E L TE/-. 22T, Bt v ¥ 72— 2A
DEVEE TN ER ET B0, TNOEEBE LT LW TELSLEL RS,

2. WHEDHK
(1) BEERITERAZACZ LD B REHE S 2 71280\ T, MR E 2 R 2 2 2 L2 T 2
REDEENFHR & SO THE - FHIIL, £ 0 ORER %2 Z ARG T 5.

(2) HREFEFRMEZBE LT, LVEWLORERIET 28T S 2 %2 FBLT 5 720 DOIES)
TV A MEEAROBRFE 2TV, EEFIR RS AT A~OREE BT

3. WHEDTTik

(1) FHETERET DV PV OBMERNM 2 BAEICRE TS 2 EBEITEE (UIF, v=t=
FUE L) BRWT, Y A7 OBATIZET 5 R RHEORIER 1 _ERLE L %S 2 [F)
Rt 57200 AT AT 5.

(2) ~=VaZ ¥ ACERTHHES 22 L LT, WIS BB L2 dosh &, —
ADSFECIT 5 B 2 3E T 5. 2 LT, W MRET L D MGEER AT\, FRE
PEDRITE TG & ST 5 35 . 2D ORRAEE LT, EHIME S 27 L&
L7 o2 Ml Tz 5RT 5.

4. WF7ERE

(1) FEERZRBMEZ L D BREX A 7128V TC, MREREZEIET D & & b, EHfcL
B L IR ED L L O A (REENE R O R SR &2 FTRE & - 2 5HHl - TS A T A ARE L2, v
2AF AL, 3BEOHATNLRANFRE— a vy I F Y EBEL, HENE, BHEMER
a7 S THRET AT A a TR L. £ LTEE, BT — 21k
TAHMREDOHE EHENE, ERRTTANOHET 2 FELZHE L (K1 23H1).

[ Musculoskeletal| OptiTrack-Flex13
model

Target Hand Position
- 1 . )
mmmmm )
- | §|——— WindowsPC
. Measured |\ Visual Basic)
L dat.

Measu

(OpenSim, Stanford)

off-line ’

Digital signal (5v)

Linux PC

! | (RT-Linux)
I R T | s |

Pasition 1
e | Motor control command

-
- Subject

Reflecting marker

T Digital signal (5v)

X1

(2) Wi CHEHMET 2~ =t 2 7 & MU 22 R FHEE 2 BliE L, #ERE 6 44 CHIES:E



B il Uiz, BEE I EHE CELAD NV FAEZEESE T, 724 LTERE LIk
WCHRHET DR AR OZEREZMT ST X4 A7 23 L2 (K2 (a). REHZ, #HtFo T
TR EE—VarXy STy VAT ATHU U EREES T — 2 EHWT, ERIET
JZ KD IFRT Z294E Lz, 77, MRMEuEZRE L2 G2, MEREREWZ & 2
L7 (K2 b)), Z2LT, WMRSGMFCERT 5 FEDOE SIS LT, ERRE (Frl2E
BEEMEENZ 5T D) OIEREIL LN KE LD Z LT, KOAMIZHT 2 MR EN
Bl EdTBZEnbnrorz (M2 ().

=120 - Both arms with constraint
X . . .
— Single arm with constraint
£ 100 . .
QB) Both arms without constraint
é 80 r
5 60
=
S 40
Gy
S 2 t+
IS
=4 0 L L I
0 5 10 15
The difference between the right and viscosity values [Ns/m]
(b)
Muscle tension Muscle activity
_. 250 250
S S
§ 200 ? 200
=] =
2 150 — 8
2 1 2150
é 100 é -
B < 100
N 50 D J
E B
<
g 0 E 50
Z 80 130 180 ZO 80 130 180
Normalized hand force [%] Normalized hand force [%]
(c)
X 2

(3) EHEANT—2DOH A7 ZFhiT DB ER LE L AT A~DREEI{T-72. ZANTT
A AT VARFON—ZHWEL T, EAIFEET 2R —VE2Ry 7 A AND LN, NT A -
=Yk, B2 27 L UCERE L (X3 (a). RIZ, N—OEEREE D OB LS 0%
WIZ K D EEME A LR L, BRI DT 21T o 72, ZORER, RIhEEIX BOX OE X124 AH X
NTNDZ ENDMNY, BOX MiEEZTFHILCTHEA I T 2BbETA—2EELTND Z &N
binolz (K3 M)). TLT, TOXAILVTEBEBLZHRHT AN (VA) CEET A
b (MA) D@ OT VA MIEITFREEER L. HEHT VA ML, N—0RERERICES
THMIMED I A ST D FE, BET VA MIT—2HNE2 M2 5FiEE Lz, WRrES4
(2 & DEREERR 2 B ERGTH & b CERM L2 E 25, HEANT VA FETTHRIIRIZN
ETEER, BIET VAN EHMAEDED 2L TEIBFIBICL VIR THD Z &R L
(13 (c)).

X 3 (a)



100 .
® Succeeded X Failed
2.7 =75 o

50

25

No assist MA

25 - [

Time [s]

o
N
o]
—
LS}
—
N
[~}
(=}
Angle of bar [deg.]

Angle of bar [deg.]
—_ )
e EN
T T
X X
x®
X
X
X
Success rate [%)]
o
; -
> .
—
<
oee > .

12 .
’AX i /A\ No assist MA VMA
.10 r pae X\ N
® / \ *
E // .X /. ! // X f
x 8T / | \ / \
g K X .} . , X _15 I e :
\ S \ ! \ g
S 6 r / \ @ \ / \ Py .
/ \ A \ ’ \ 3 < 3
5 ! \ \ / 5 s
s 4+ X \ / ERCRS H :
= /
3 / \\ \\ / 5 :
~ ,/ \ \ / 2 <
2 X | / ERERS
// e N g
g
0 I o 1 ! A ) E
2
0 4 8 12 16 20 0
Time [S] No assist MA VMA
(b) (c)
3

5. EIpFEIGm L

UdEssamsc) (G144

(D Yoshiyuki TANAKA, Velocity—based robotic assistance for refining motor skill
training in a complex target—hitting task using a bio—mimetic trajectory generation
model: A pilot study, Robotics and Autonomous Systems, Agef, Vol. 92, pp. 152-161,
2017. 6.
DOI:10. 1016/ j. robot. 2017. 03. 010

(=R] (GH2 0fF)

O FnH K, HP BIE, A—/UiEN LAY A 72X 5 W@ EEGEEN RIS v A7 A DR
7, HABEI S TUIN SGH SR 50 [B177 48 B AR 3EMF PR R R, 2019.

@) Yoshiyuki TANAKA, Ryuma GOTO, A Robotic Rehabilitation System for Cooperative Motor
Training: A Preliminary Study in a Balance Seesaw Task, Proc. of the 2018 IEEE
International Conference on Cyborg and Bionic Systems, 2018.

@) Yoshiyuki TANAKA, Tadayoshi AOYAMA and Mitsuhisa SHIOKAWA, Scope of Manipulability
Sharing: A Case Study for Sports Training, Proc. of the 2018 IEEE International
Conference on Virtual Reality, 2018.

@ FHis &5, B BsE, WIS X 5 EEREENC IS T D ) FTRRHE D T BRI, 5 27
[A] MAGDA = > 7 7 L > A, 2018.

©® |} B, bW M, Tl K%, ABEEERIC T D F R OSBRI & RERE O
IR S AT L, JSME v 7R A B Robomech2018, 2018.

® T %, bBW EEE, B BsE, BEEEGOICRT 2 BT O R IR AR O fiF
Hrafdli, JSME JUMISCEEE 71 [RIFR S - 5%, 2018.

(D Yoshiyuki TANAKA, Hideki OKANO and Shunei TANABE, Analysis of Haptic Interaction
between Limbs in Operations of Vehicular Driving Interfaces, Proc. of the 2017 IEEE
International Conference on Mechatronics and Automation, 2017

1l ML, T 95%, BH O, BB B, B FORTT U I EREICIT DA
V— 2 2D BT S AT L DBI%E, 5 36 [ SICE JUM SZER AT asn 2, 2017,

© EmW L, T 5%, AT T U U7 ERICEBT D NERHEO S HEE > AT A DR,
%5 36 [1] SICE JUNSZER“AhiTali 2 - AR s, 2017,

WG P58, V=7 T T ATEENE R 2 — T OBR%E, 45 36 [A] SICE U S ER AT -
AR, 2017,




@ mf Bsg, FHil B, B A, ARV EERFO B (KA 2 2 B R LT A B R
Ra—7, §35EIHARR Ry MMERFINERS, 2017.

@ Yoshiyuki TANAKA, Shuhei TANABE, A Multiple—Input Single—Output Model for Human
Force Perception in Pedaling, Proc. of the 2016 IEEE International Conference on
Systems, Man, and Cybernetics, 2016.

@ R L, A CREE, AERESNGIEE T VA2 VT BEN R 7 7 = — RT3 S
%%, %5 35 [B] SICE JUNI S ATl 2 « FAI RS, 2016.

5l &G0, BRE KRR, EREEDHIE X = X AIZRE9 5 EEEMFSE &G, 5 35 [B] SICE
USRI 2 - AR RS, 2016.

© FE MR, VEM B, FTEREMEAS PR Z TR U 7o G B A AR — Y BT X A T A,
%5 35 [B] SICE JUMNI ST A fTaRB 2 - FAAIR RS, 2016.

® B BsE, HE B, ERRRHEESE Lo S EOVHIER OB EMEREN, BB
2016 FEFKF K%, 2016.

@ 8 BHE, ME AEED, HE JENE, B BsE, AT T U ZEREICRT D RO REE
AT ORI, BARES T RT 7 A« A0 b o= Z#ES 2016, 2016.

® FB2 thfd, TP EA, HB B3E, MP FEHICHES AV FZ Y — - XFT v X071 b
XA TERR, HAEMESORT 7 A« A bo=7 AFEES 2016, 2016.

9 Rk FREE, Il AR, B B, @AY 27185 EEESBFIEE Y 27 L0
%%, BAMFESaRT 47 A « A0 hu=7 AHEHS 2016, 2016.

@ g R O)In ER, B B, BREREMC X D AR RO E Sk & ) RIRET,
AR AR TR T 4 7 A « AH ha =7 A5§HE 2016, 2016.

(XFE] GFro k)

(PEZE M PERE)

ORI (GO 1)

OSSR (GO #F)

(& D]

Feldi KPR FRE L e b REpF5eEE Hp
http://hms. mech. eng. nagasaki-u. ac. jp

6. HFZERHR

(D) WFFEsr 4

(2) Wrsets 117
BFZet 1135 B4 SANGUINETI, Vittorio

KB & 2P7EE, BFEEOBR L BRICBWTERT 25D TY ., ZO7), HIEDOEMECHIER D AFKFIC
SV, HOERFFICES SO TR ZOMRMRICET 2 RMREMEE, FREFEACRESES,



