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ABSTRACT

During multi-finger force-production tasks, finger forces can be generated without the involvement of neural commands
which called the enslaving effect. In addition, the force produced by a given finger in a multi-finger task is smaller than the
force generated by this finger in its single-finger maximal force-production task which called the force deficit effect. The
purposes of this study were to represent quantitatively both the enslaving effect and the force deficit effect and propose the
relationship between the finger force and the neural command by the experimental results. Seven subjects were instructed to
press one, two, three and four fingers on the finger sensors as hard as possible acting in parallel in all possible combinations.
The results confirmed that the finger forces were generated without the neural commands up to 20% of their maximal forces
as the enslaving effect. In addition, the force deficit effect increased with the number of fingers involved. The mathematical
model proposed in this paper could explicitly describe the two effects of finger interaction. The present results could be useful
information to understand the basic neuro-muscular mechanism in hand biomechanics and the fundamentals of intelligent

hand robots.
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TFeARY ¥ B FARAE 7T itk mEkA F
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(motor redundancy) 2} &t} (Bernstein, 1947, 1967)
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= AP F4AE Y814 Bernstein®] TAE HY

Bernstein®] A YWY 2= A F 7HA7F Qith
A WA= o Fs7lel #s {FLde s 2= PR
WA o5 Al~dlo] Ak FA v]&-3 kel HAs F
8g atA ek Zo] At o|th(Latash, 1993; Rosen—
baum et al., 1995). F WA= Gelfand$} Tsetlin®] S
w2t} (Gelfand and Tsetlin, 1966). o] 3L SFA1A A7
AFEE AR 9al, 23]y 22e folsA sl7] ¢t
e 8] Aste] o83 ¢ Sle BE AREE AT
o]Z1& I UCM M (uncontrolled manifold hypothesis)
o g2 A=k (Scholz and Schoner, 1999; Latash
et al., 2002).
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(Lietal, 1998, 2000). % +71e sk SN &7
S AW IA= s Eulad(force sharing effect),
A7 H ) +& 7 H(enslaving effect), a2 A&
(force deficit effect) 7} Slth(Danion et al., 2003; Kil—
breath and Gandevia, 1994; Zatsiorsky et al., 2000; Li.
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Hlgo 93lo] 71k gytolth &, £o] 10N a5
7}e o], A= 25N, FA= 3.0N, kA= 25N, AA=
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2003; Zatsiorsky et al., 2000; Li. et al.,

Ao

(Danion et al.,
1998).

ol

Aol B 1 8
deAIE S

i
=
fu)
&
ruz
n?i’
rm
A=
mlm
o 4

ol 0110
_0|L

21 A oy

B QeAE UF E7ke 8w Evke Aol
R G UYL FUkich @ Al Eelblo
obA 4] Aol2 stobu Al ofu] AFE A A3,
A THE RAPE ) ek, e e AgeL

EH/“'X}E }\-];H }oﬂr/]_ qu EHN—;(}« Al 74]%
g=of] Azlo] §l= 20 YA 7HO=E 7] 1.73£0.05
m, %% | 83.019.2kgol™, LEES FE ARESICE AF
AAFE 9 Lol(LE & b Eke Told &%
W}X]ﬂ o+ 0.192%0.020mo]th.

0E ek B 59 A8e ARe L gAgea
Zuold] B ), 949 $Aee FHshs 2go] thE )

(¢}
E7kee] gAQe] 2 GRS vIRNA ke
2 GAZ Asle i i el tiatel st
(Buchholz et al., 1992; Moore and Dalley, 1999).
22 &712 515 £ Ad Fx|

T

_l}d

H=4 A2?) I-scan®Model 5101, Tekscan,
Inc) & ol gste] &7t £ s SH3Ith Al
9] I7]= 112mm * 112mme|a, SAHE= H4 0~5
PSI, ] 0~25,000 PSIe|t}. #3lle> &4 0.02PSI,
] 0~25,000 PSIe|H, @xl= £ 10%o°]th A3 Al 1kg
7} 25kge] F& AHESto], 34 oE FE 1B (calibra—
tion) 3}t



$25%, B 13k, 2006.2.28

&0t s AZEH A0S TS 20 28 51 37

Y gdRbES A Fe] AdEE Skl TUs A
FAsfok st AAE 17gsh] flste] a9 1
A5 a1kl &9 AAE 4] flske] ¢
o =7kt A5 XS FAehL, HY A
AMell F-aste] AA A G-gsigich et A3 A
o] Aol ol FauA] ke A thdA-=e] A9} o
Ao 7t Aztow fA8k] flste], YAl A3 o
ALY e oAb YRS AT F AL SR 5
oA "ojx)z] k== ok Aol b

=
S gAs o2ge) g

4 A AAE A3

JE 1. &715 5t £ 49 R e

2.3 HEYY

A 2t s Tkt she &viE, = Evfe
st Ao st AFE P AeEHE &7 AuiA|
(master finger) 2} 3t1, 2 £7Fhe #|2)3 v x| £712h
= XA (slave finger) 2} ek 7} &7heke] WAL 714
71, FA7F M, kA7 R, 247} Lo|t}.

Z}7ke] E=rfeke] Aux)7) & 4 Qe A v 2ol
1574 AujA] 23] 9tk [ M, R, L, IM, IR, IL, MR, ML,
RL, IMR, IML, IRL, MRL, IMRL. ¢J7]4 I= AujA7} 7
AQ1 7%, = AAelTt & ettt WHo] Add A5
E YERITE M2 $4], RS 94, L& 2471 A=l 7
5 YeRdc) Aulx]e] Z3ho] IMQI A= HA L FX
7} A A7y B 95 Rt

A Ok rEAA fol &5 "X T3, XA
2 AR 23l 5% F9 S FI) ol XA
Az ARl 23 45 TSR BRI b)) AdelA,
AAARZE A A 23S A w40l SJste] ERlS well
T AT AP &1 mlE w5 eakE 4ol Al

o] Mg/ WEolth B T AuA 28 HEE
7k w, AL 27 ol mhels BAlo) SEE Tslek
gt o S, A 2@l MY wels 449 4
&7kl BAlel 92 Fhalof @k, o we] Aol A
Aee B o) Eleke) B AN B Wt ol
Jofol gtk 8158 5 Fok WU F Had 229 F4)
Hek F A} R A g6 35S $
we] A A 23 1571 352 ke 2

ootk & Wl Aol AP F A A
=

;: o
o

2L 1o hu
= g
kD
a1
o o
{o

1% ox P [o G oo

ol
FF
o

>.
to

£712 sl A% Ayl= Tekscanite] AZEY S &

FREA. o5 7 shte] AuiA] 2FelA vl &
7t 2428 skgdt vl 71 ekl T, olgA SV E
vebdtt 2 AeA] Z25elA Fte] Hud W] [ M, R,
L %3 &712e] A5 (EgAA g 88 4 ¢, &5
EES MY e 7153, 7I5E 4 =
oAl &7leke] AF& With o] Aol &t Alo]
Al sl #hol ash] Wil sk whs Frs
ok A sk BHS AR 7 gk Sl W] ks 7
Z 08 AR 239 okF hes HEEE 3
oflE Eof, Aux] 23] 1Y w AA Y 35 7
2 U8 AR 2 el A9 sk ke
skSith Aarsket ks Atolel Wt W BEEAE
softAke] Excel& AR&-3te] AALsSATT

1

S

oL
o
o 32 lo

> e
AN

R
2

Ol
o

i
HUE;O
enE

14%
Mo
o

=
@)
g
i

X 12 &b sk 54 AE A9E BolFa Qi

B Al 23 BAISHL, D2 4709 &7
szl tiste] gtk ahs oJuidith & Sof A|ulix|7}
AA e TAL WM, HAAel Folxl 2 1A H) 32
85%01aL FAoll FoIx e T4 Ho) 2] 78%°|t} A
HiZ|7E obd k| 9) Ao E 22t Fd| 3] 22%, 17%9)

o) Folzrt.

a9 2% AAZE 10, 290, 370 = 4w 7]



38 Lgs - a0l

REAEISE

E 1. A7 AEo o nEet &0 5tEel Bt
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Index Middle Ring Little

I 100+ 0O 22t 4 19+ 4 8+ 3
M 23+11 100 0 24% 4 9+ 3
R 13+ 6 24+ 9 100£ 0 31£ 9
L 10£ 5 17+ 4 30+ 8 100£ 0
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