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The musculoskeletal system of human body is kinematically redundant. The number
of degrees of freedom in the system is generally larger than the one needed to carry out
given tasks. The present paper discusses how the human subjects determine their arm
postures utilizing kinematic redundancy during crank rotation tasks. The tasks require
hand force control as well as hand position control, and include three kinds of control
modes : force control mode, velocity control mode and position control mode. The
experimental results showed that the human subjects used different criteria for each
control mode to determine their arm posture. The criteria are selected according to the
tasks needed to be carried out and mechanical structure of musculoskeletal systems.
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Fig.1 Crank rotation tasks
and coordinate systems.
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Fig.2 An example of experimental results. De-
sired rotation velocity =z (rad/sec), Statical
friction 1.0(x9.8 N), Coulomb friction 0.82
(X9.8N).
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Fig.3 Joint degrees of freedom of human arm and base coordinate system.
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Fig.4 A relationship between vertical posi-

tions of the elbow joint and gravitational
torques acting on the human arm.

EHEA 7D 2RM I (N2-m?)

B H#SESEY KB s E0EREEs &
), B ECEEE TR LIS L 20OMEHCLE
B A2 ZEELL, 4R ZIOEA A ZD 2
FEH

| e P=1g()P=F e (2

R, BEIEREOMER 0 L Lt EOHO®
T, WHMIEN ML IO2ENTHZ, K425,
EN A7 02 BNRBEORNOR S L TR/ME
e, BHEHORERRILO IBESSELET

——= N (FALEH)
12X9 8N
Xo—Yo BT
C Zs
\\ N YQ
\‘o \e(//
Xo—ZoFif Yo—ZoF

(a) YoMIEFBEOFEN

(a) The direction of hand force
along the positive axis of Yo

kb d, —H, IPOA#R (—16.8cm) 1%
BENEA FERESBCEBRLFOBESTHY (5
DEE, FELERN A ZOREE#S L LT
W3, Thibb, FEAELELYT, BNSMe
BI B PTOBE, HBREIHREN MV IR ELS
HWREMHESBU T EEOZEEEERLTHWELEEZS
ha,

3-2, HEEE—FICHE T3 LREBOEL

757 DEENERE S ETOHFHE—FRBL
Tix, BEREBREEINZZ I 70N Y FAVCELE
B IET 23 ThHEMAZ I LIk 5, #2T,
FELEHOHEPRE [ & 2 D51 — PO LT
BOELERANL LD, o= 0 ONBREELZ2 7
DA RETIEMZ BEBRET - 1.

FRABTBEEOHFA(EBEEROY,,
—Y,, —Xo» XoHML B3 b2, 4.0, 8.0, 12.0(x
9.8 N) D& IFEIE, Fr12BEE L, /e, HEE
KREEFEN L REBOFEIEL Y u A2 -7 5H
WTHETFRL, MEEP—ESIY¥ L LI ERLE, 118
Hle—RFTiE, N FPAVREDRZOLOT, TEEEMEE
HHEDS 6, EIHAELES28HE FEE
ERD ZEHED O SHE 4B 2 BHE) PSR E
3, LIzdi-THERE, B) 2 HE, T4bb Z,
ELY OFEOEE L HoiE e, BEfioTSEmEN
THEEREIRT S 2L TE 3,

— e ON (FEARLE)
12X9.8N
Xo— Yo ¥ H
o
o-v\\ MYG
AN N
Xo—Zo Pl Yo Zo F

(b) Yol BHHNFRN

(b) The direction of hand force
along the negative axis of Yo

5 HEEE— B0 5 EEES

Fig.5 Arm postures during force control mode.
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