I:Eﬁﬂﬂﬁibﬁﬁﬂﬁ%

i E

Vol.53, No.12, 654/662 (2017)

FEU RS T OFEESNFE OEN - 51l &
ThEY 2 THRNEILESE(LOREEMEICDOWNT

A - &% W oz -t Gk e

Analysis and Evaluation of Equilibrium Motor Learning in Seated State

and Its Relation to Accompanying Perceptual Changes in Subjective Upright Posture

Satoshi KuMAGAT*, Ryosuke MORITA** and Satoshi ITO**

Our previous works revealed that the equilibrium perception detected by the subjective upright posture is
affected from the motor-learning of the balancing task even in the seated posture. However, the same motor
learning sometimes evoked the different perceptual change, the shift of the subjective upright posture in the
opposite direction. Investigating this reason, this paper analyzes the motor-learning that contains two kinds of
disturbance: inertial disturbance caused by the lateral slides of the whole stool, and rotating disturbance featured
by the shift of the virtual rotation axis of the stool roll direction. As the results, three factors, the relative phase
of CoP with respect to the motion of the virtual rotation axis and the sign and the magnitude of the mean
horizontal deviation of the trunk, specify two kinds of posture during the motor learning. At one posture, the
trunk inclines at the basis near the pelvis to the same direction of the disturbance and shows a large horizontal
deviation measured at the neck. On the other hand, at the other posture, the trunk bends first to the same
direction of the disturbance at the base and bends again to the opposite direction near the waist, indicating a
small horizontal deviation. The posture of the balancing task during the motor learning seems to determine the
direction of the perceptual change for the participants that have reduced the relative phase, i.e., the delay, of

CoP movement from the disturbance implying the progression of the motor learning.

Key Words: equilibrium perception, balancing task, motor learning evaluation, CoP, trunk motion

1. 13U ® I

b b OEFHIE A = X L OHIE, TRy PADBHIE
MY THLE, UNEY)F—3 3 vk EOEBEEMR~OEREY
WZOHIEREA L ESNE, b aKRy POKEREV, B
BZHbECEE 2 2L 2 5 H) - SfElCH D, L b
DEFZEHIZDONWTUL, WD) —F > FEHOEER T T b T
EEBLTHIENZENTERDD, 200h7T, JV—F >
TIEENC B BB T IR VEER, T b b RMRE D
BEIFHIEDPHEENY, THEOHETIE, EBHE
A LT 572010, WAICIEREICERT S5 HR0F v 1)
TL—a MMEERMER LG 200 E TH LAY, Lot
ILEB OB ET L WENL VS OEF Y Y T L - 3
VET RO TWA I EERIBELTWS, Ik b @R

23
TH

* R RFRFE LR R 1-1

O R REE T R 1-1

Graduate School of Engineering, Gifu University, 1-1
Yanagido, Gifu

Faculty of Engineering, Gifu University, 1-1 Yanagido,
Gifu

(Received March 28, 2017)

(Revised August 8, 2017)

*k

HOMFL L MIMRFENE TRy POFEBICLEL
Lo T DRMEEZD.

FDYXHBEZOD L, bRbIUMAERE IS, (F
HORERT O EEFE AL 2 IEARE TW5 0TI
EHEL, WL ODDOEREROPTHLBOMTRRITL &
WCEELRFHEZ L)V HITHZ LI LT,

PEICR L TEOBEAR, Mg, R, MEslsEsE
BRIEREATIDH Y, ZOHEA S =X L0 ORISR
T2 20 Zh o ERERAR EHEL V) v VT E—
TG EEBERE O BRI DR, KEOW SRS 12
L7274 —F7 47— F/7 14— F)Nv 27 OfIHSRIEZELS,
TR ORI M &) BLE D S OFHI & E FOVIRIT ) 7 &
[ 2D LNERETH L. PII VA2 TRL,
JERLRAE T OEHNE AT DN TS 1O b Ffi
O [BE] OBWEICE L TR T2 EN 2 EN TV R,

AIFZE T ORI HI9IL, EBROFE &[RRI T
FHAOFEE & FHII BV TR L, FlORIE A 7 =X 4 %%
WAICHET A 2 EICRELTWA,. £ 2 ThitbiudEmH
DU — VAR & SPATREE ST RE L R T IS HE S R 7CIREE T, 7
i D EB)FE L MEEACOFHNEEBR Z TR > T & D7),
INODRIFEIZB T, FEALKEE T B IR L 7 °F

TR 0012/17/5312-0654 © 2017 SICE



FHBEEHIEZARmCE %£53% F12%5 2017H£12 A 655

mattress

-
—
f [ lateral slide

Fig.1 Experimental setups

MEOEILERAL, ZhixiRiL) 2EBE 7O baLz
|ELTEL. L2L, WODOERTIIFEHMENLAL
HFREF—FET, 2OAHZXLOFHEID) T nhk
W —APHTE, ZITRBTIRINSE TOEBRE M
L, BB B OREV 2 /R L 085 MRl & o Bk
THELCALILE L. KGO0 EME, FEOMEZEAL
DEMEFREGTLETZ LT, BEMOd 5 EHLN*
W $HZEEEbI, MIREMTHREPLT LG LA
WEICBIB R 52 EERART LA L. H2ETIE, BE
DO AT VIR WL T 5. —EOEERTIIK
I IAREBRAIHROMELEIIE, ZORIAT R b DA RFER
DEBEZTL] OFFHEERADLD, FHRIICORITHE
EENBEWI EER DL, 22T, ZORKRIIAERTIT LD
EEFEBEZOLDIIHLDOTIIEZZ %W, HIET
TRENFHEF O T — 5 DN %, £ 4BETEOMEERL,
ZIUCHED VBB B OFFMIEE O ek L MEEL L oxt
IetEE 5 ETEET L, 6 B TEREOMME - EED
LERGERL, BTETRARMOTLDEBRE.

2. REREROERE

2.1 EBRANE

2.1.1 FEBREE

FERE ORI 1B X O AR & 725 G 0K e R
L, BEEIRECEREZITR D . WHREOEET 2T, P
WA LAMELZ 52 55 &9 1S 2 B TRE) 1 Bl
BEAAET DL ICEkEN L7, ffEL72HT % Fig. 1 IR,
HEIREE TP CoP (Center of Pressure) fiLi@ A% T & %
IO WCHEROTFTDAMIca— N Vel 7z, T2, 8
BEO LA ENETELLIICE—YardFy I F vy
AT LEEAL TS, v — 7 ZWEE DKL, #AToHiE
s, BLOTEEEMNOEE M L L THOZEM R
7z, EBRPICHBE ORBEN S HRE vy T ML,
POEBEOFRIRE T4 9 720, WEBEIZIEA~Y Fv
YEFAATLA (HMD) %%54 347,

2.1.2 #EEFE1
BTOEHHBEZFIH LT, HGRNOFTEEICL 2

virtual rotation axis
/ CoP. \§0P \

actual rotation center
top view
down|  O; |up seat surface up o [down
CoP CoP
\ /’

Fig.2 Virtual rotation axis

HMD screen image (from this side)

N virtual rotation axis I~
HMD e

same angle

Inertial force

*5

) roll rotation

LEFT <:> ‘
stool MW\ slide MW

tOp VIEW | geat surface
"

' CoP position §
o hwwn> MWW
] slide

g . LEFT =»!
virtual roll rotation axis virtual roll rotation axis
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Fig.8 Horizontal deviation of the upper body part
from the center of the seat
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Table 1 Regression parameters of experimental results
Ex | No seat roll angle [deg] CoP phase [rad] upper body deviation [cm]
C seat Pseat [ residue o cop Peop  residue a sway Psway  residue  average
L1 -0.403 12.789 1.293 0.560 0.002 -1.219 0.817 -0.026 4.403 1.665 3.071
L2 -0.023 5.328 1.500 1.339 0.016 -2.505 1.149 0.136 -8.785 8.368 -1.903
L3 -0.106 1.314 3.468 2.051 -0.009 -3.150 1.719 0.031 1.935 2.427 3.494
L4 -0.429  10.014 3.683 1.753 0.008 -2.573 1.440 -0.033 10.859 3.711 9.201
Ex3 L5 -0.149 9.313 1.704 1.032 0.004 -2.262 0.987 0.015 7.019 2.141 7.777
R1 -0.031 8.052 1.191 1.238 0.003 -2.083 0.963 0.049 -10.424 2.659 -7.965
R2 -0.026 5.394 2.111 1.650 0.018 -3.169 1.188 0.013 -5.957 4.398 -5.278
R3 -0.066 1.388 1.616 0.599 -0.003 -1.777 0.764 0.001 1.253 1.095 1.309
R4 -1.535  45.632 1.589 0.380 0.004 -1.838 0.500 0.020 2.471 0.663 3.466
RS -0.301 12.619 3.490 2.191 -0.005 -2.981 1.156 -0.026 -2.094 3.038 -3.409
Table 2 Classification/re-evaluation of motor learning 1
Disturbance|Subjective Upright Posturg Motor Learning 1
Ex | No L L Relative Trunk Deviation Pattern Note
Direction | Direction . . CoP - -
direction Direction | Amount
L1 Left Left + — Same Small Asmall N/A
L2 Left Right — — Opposite Small B
L3 Left Left + + Same Large Remove
L4 Left Left + — Same Large A
Ex3 L5 Left Left + — Same Large A
R1 Right Right + — Same Large A
R2 Right Right =+ — Same Large A
R3 Right Right 4k + Opposite Small Remove
R4 Right (6] 0 — Opposite Small Bo N/A
RS Right Left — + Same Small Remove
[@ /510 (Same) \ZZAML L72d DHS 5 ZIH L, 2 BN () (b)
(Opposite) TH o7z, FEBIRBELLEL, 7 5 HEHAHE
il & M1 (Relative direction © +) (ZZEfLL T2 (5
ABEO Aunan). —F, BE 24D 5 1 GIGHEL &S | >
'enYaR
M (B), 14132ML% L (By) %oz, A LGHENT 4% l’“’.l“ - b4
B LEOFEEMEDORE S HKRE (Large), Fig.9(a) D T ! - |
S v L N OO OO
TTETHEBFEE 2 Tho Tz EXONL. F, BLsyr LEFT LEFT

BNz 1 %4132V E < (Small), Fig. 9(b) DL TIE
BB E T o TV EEZLNS,
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L, BEED L &R L 22,
o LRI AL AHVEL 1A & [/ — T B &3 %
DEMFEIIRE L, EHFBERFOLEZI Fig.9(@) L)
ThobeEZLNL., ZOWE, EBIMHEEHIIE L
B ZALT 5.
o LRI AL AHVEL A L TH 2 B E 32D
BRI E L, EBFEHREOLHEIE Fig.9(b) DLHT
HhHrEZONL. ZO¥E, FERBEILLEIIIE L
TN 5.
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(N/A) & T4 2 4T 5.
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Fig.9 Two possible postures in motor learning 1
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