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Fig. 2 Muscle-tendon actuator model °
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Table 1 Description of nomenclature related to muscle

properties
Nomenclature Description
M muscle force
FT tendon force
FM peak isometric muscle force
Fy, force related to shortening velocity
F force related to muscle length
F, passive muscle force
M instantaneous muscle length
5 optimum muscle length
LM minimum muscle length
LM maximum muscle length
LT tendon slack length
N,(¢) muscle activation
|4 instantaneous shortening velocity
Viax maximum shortening velocity
a pennation angle
N pennation angle at optimal fiber

length
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Fig. 3 Relationship between pennation angle and
muscle-fiber length *

Table 2 Parameters and curves related to modified
Hill muscle properties

Curves related to muscle-tendon
Force-length relation of tendon

Active force-length relation of muscle
Passive force-length relation of muscle

Force-velocity relation of muscle

Parameters related to muscle-tendon

Peak isometric muscle force ( F{;M )

Optimal muscle-fiber length ( LM )
Pennation angle at optimal fiber length ( o )
Tendon slack length ( LT )

Maximum shortening velocity ( V|

max )
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Fig. 5 Surgical operation for inserting sensors
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3.2 A8 HZA (in vivo, in situ)

LAME AU Ag49 289 7153 7]
AZ(FES) H=E B F F@AY T AA A
A28 227t 7 Z(m. tibialis cranialis)©] 23]
4o Hy 2HE d W ARG 2
o] AN A4PAL AAvH G Jen HF
BgE e 28 AT G Aumw dx
(monophasic rectangular pulse)E ¢17}gHc},

2. B AT FF o] gAE AFE A
HolA Ao 28 & BT AFE M F 5
4] §% 7(isokinetic exercise machine)® 33t} F
&4 W& 2T E(dorsiflexion)y FH I}, o}
FABo) A S-type force tranducerdl &3 Mg
sonomicrometer2 FE 259 72l dataE Lo
£ gAdAME 71 A A71AFE 7t el
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YA & Z}< S (angular velocity)E F33FTH

Fig. 6 Experiment of dog leg in vivo, in situ

condition
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Fig. canine tibialis-ankle joint
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Table 3 Initial parameters of tibialis cranialis
L' LT o N

(i3

170N 15mm  134.78mm Qdeg. 1

Table 3& stelvleie) x7] FH A o 2t
= 29 9)(Range of motion)ol] 3k FR = HEM
241 (motion analysis corp. )& ©]&38te} Elam o
data® v}ROE 6ZAHFEE/HY 3H, 3719 H

o BAMEE A3t JdFeAT F2Y
o] FA AeEg 71F 0=22 AL U
3k o

2

] #3544
Pas A el MY B3 ZAEE 8329
1 Aeolrel ZEE 805=2H Ui 1259
+ ¥ 9] (range of motion)Z¥ =T} ‘
oA ApgE e FAEDLE Turbo Squid
Ate]l J) EE 2 9(dog_skeleton_remembex_new)E
T-9 kel AFE-E3TH SIMM(software
musculoskeletal modeling ver. 4.1, Musculographics
Inc, USA)E o] &3lo] FE2 Fude 2dgs
818t T SD/FAST(B2.8 Symbolic Dynamics,
USA)YE ol &3t 598 Mo Bad E5WH
218 A% & Dynamic Pipeline (Musculographics

=
Inc., USA)YE o] &3t g £ sttt
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ol m mu i

>N O

interactive

42 58 &N ¥ X3

&M 3 A FHEAD 2Eo i A A
2 4ot oo A3 @ (trial and error) ¥ Q) b
He 5o Ay 598 298 2 AN B
48 4& F Utk o] B REHoR ZF et
tHE WSt A& Fstodol ste ool

tt. siA £33 3FE Foln HevjE Y] I3
2} &-(interaction)ol] tHE AR ¢ FA 28 vy
e 73] st # A sl(optimization)7t 8 E
A

2 ZF = ¥ A (sensitivity analysis)e Esl NEFH ¢

Al
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ot o] AAMSE EAY A nisjord
AAREE £4317] HF 08 UPE 40
o] FojA it & AT A D&Y HAMSFE &
# #BAZ AIFFE Fedatr] 93 5HoE v
2= #4o] olFol Hrh AHAPAH(design of
experiment)y2 3 24 e FHHAE £33t
7] % HANSE 28 AT} ol F 3
Z%(run set)?] MAole WS BEH A A (response
surface design)t2]o] HE HYUch B AFA 31
HE 7 Y AA Bz, z)ES HF 2A4HF
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A EAz F2asd e 2o

Table 4 Regression coefficients for multi regression

function

B Frau " (i)
By 117.989 64.7000
B4 35.727 22.3986
Bg 45.989 0.0000
Baa -14.902 -1.9438
Bes 0.018 0.2312
Ban 14.118 0.0000

Aim to

Peak muscle force  FM,

Joint angle of minimum muscle force ° (FM )

Subject to L, £ z < H,
where L, : lower limit of design variable
H; : upper limit of design variable
el EM 9} - (FM)E =235 (objective
function) M o H(peak muscle force)?] 7]
o 28.9483 74x ARolA FHA 2o Ygt
e #3239 4x§ verdo ol2ig 3%
AA AN HHHEE B8] Hst] M A
HAuoh UREEA A3 E T o F 2HEF
MR ER T A= F719 BPAH Ui
2zt s g &<l ssich

A AR A 3hupper limit)#F 3} & (lower limit)
o MAL HAEA YT 2719 27] 84 2
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BALe Bato] dojzdh Hu/ HA 2519
Zolo] g AR (FA W AAA 0.1498m/ HH 25
Al 0.1384m)s} 4} (6)d] 2% dol BAZ RE
a9tk Poldl A= FuHECLY, L)
Nz o&Holnz AAMgr A /MY HevleE
S0 MestA & A He Aot

g] E)H.Q_

Table 5 Results of response surface design and
dynamic analysis for each case

Run ;mrvrud xgornml F‘xﬂlax ( Frﬂ/lln)
1 -1 -1 40.42 40.4
2 1 -1 80.06 86.5
3 -1 1 97.98 40.4
4 1 1 194.10 86.5
5 -1.4142 0 35.10 29.6
6 1.4142 0 141.20 91.1
7 0 -1.4142 48.58 64.7
8 0 1.4142 187.39 64.7
9 0 0 117.98 64.7
Optimum 170.00 80.0
Results 0.725 0.6036 167.01 81.7
7} B2AF-E MAYste F3 AT (multiple
regression function)2]-& t}&7 Zt}.
2 2
max (IZJ) ﬁO _E/Bzzz + ;1ﬁum1m]
=1 1
2 2 (7)
Frﬁ{u ﬂ() Z 2 ‘I.J i J
ESRS A 8
D Hi 1.4142 1.4142
Cur {0.7250} {0.6036]
1.0000 o -1.4142 -1.4142
8 /.
S 170.0
y =170.0000
d =1.0000
Xl
=H2:: 800
y =80.0
d =1.0000

Fig. 8 Obtained optimum set and interactions of

design parameter
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Fig. 9 Muscle force-joint ankle curves to compare the
experiment with dynamic simulation sets
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3 129.65mm=z Yt

¥
o
o
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i
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B ATRHE 482 S5l Budel 552
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A3 7jWMoz Z4-749 A F(behavior)E X uist
Al 74A -;F-& stetole o AFHY e Lol
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= Run Set 01
» = Run Set 02
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2 ~——— Run Sct 09
] 20 | un Sel
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% < Experiment
=
= 90
60 -
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b
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Fig. 10 Comparison between several muscle forces in
case of 60deg/sec angular velocity

210
——— Optimal 30 deg.'scc
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180 - + Optimal 90 deg./se¢
g
- 150
2
s
o 120k
o
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=
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Fig. 11 Comparison between optimal muscle forces

in cases of 30deg/sec 60deg/sec and 90
deg/sec
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Ae AFE oMU 2/ & vz EHE Ad
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