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Abstract

A two-dimensional static biomechanical model of lower extremity in the seated posture was
developed to assess muscular activities of lower extremity required for a variety of foot pedal
operations. Muscle forces of the model were predicted using the double linear optimization scheme.
For the model validation, three subjects performed the experiments which measured EMG activities
of six lower extremity muscles. Predicted muscle forces were compared with the corresponding
rectified intergrated EMG amplitudes and it showed reasonable results.

1.4 &

2191317} AW WA Man-machine system WolAlg] ABe4A SFHE 3ol F7hs
3 olo] wa} #A] (Lower extremity)d ¥l 87HE A= F7IAD. a2 3R 9
A4 g BE o W] o T8 872YW, T Fol A A7 A W oo T 4
Aoln]|, Sport science®otdAE ¥, ¥ (Running)# % (Jumping) T ¥ A3
7t AR e s gol AAS S gttt wati HE T HAE o &3 oA 717 AP T4
AT HAE AT JAY 2d9 Age] UFHo|,

B d7oqAE HAE Phe B3 6719 282 1Y 2dE FUIINNLw, HAY
714 2 o]348AYY (Double linear programming method) & o] &3¢ g2 AMAA
FAZ 8] WHIZE L 4SS A= AMG} 2d & ATHATI(2)(6)(13). =T 2L
B AL A3ty FA2REY EMG activity® 3331 9 o Fx]9t vz, 43
A3 (7).

2. 24%

E AN E #A9 47/ 28 FAA YYZ(Synergistic muscles) & 3jrte] 2&2
T 23 339 %o JldEr AdAes WA 28 23] }E 28L& AY HERF
A9 FFZ 678 Mo ndo m Mt 49D 28HEL VP VLT FFIRY
52 (Gluteus maximus), Z2F NALEFS FF2ol9 €3 2JE+FY #5324 €<
(Hamstring), 323 225 % ¢33 AWLF9 F¥2¢ U2 (Rectus femoris),
&9A VAL FY FE2Q B2 (Vasti), €33 2IEFY ¥z FF20/0 ¢53WS A&
23 (plantar flexion)® FE39 u|¥Z(Gastrocnemius), LFBPL AZIF8 F¥2
ol 7}ajn] 2 (Soleus)oltt, £ mye} nd TKHES 2913 Aok
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a1, 3A 2dqd 23" 2%

2 29494 39 I8 F YEZ, B2, A6 133 2] (Uniarticular
muscle) 22X #ds] AHE FAHAL 2202 £5o4 HBejz, &2, gEHI2, wEI
< 2383 2| (Biarticular muscle) ii*i TEY VAR R SF-401 S5 ol 84
BREAAN BAY Y& P9 OB REoz AWSE U $HULA2).

B ATANE 28 2ud 29 JUg A2y A0A $NIEe g2 A2 H= o3
AWAYIe T 8o WHIIL A2 A1) (2).

AZAVAYYY 1944A Ao 2xdr FURE FHAAG 4 ()3t Yot

Minimize ¢ )
8 t. My = ZryFy

Fy/PCSAy ¢=o

Fy =0

Mg A 34N dof o3 24 e

Fy : j84 33, 4 289 ¥

r; ¢ JU9A BA, i9A 289 moment arm
PCSA; : A 33, id5 289 4y 9y

TH] Y& A Pt B FUYIM U B 289 YL oM AR 77
+ &og ¢Ayog AM}E Distal-to-Proximal Scheme (DPS)3 w2 FAUAA 77
¥ Zo1A #8 ZF 2 Proximal-to-Distal Scheme (PDS)¢] glon], ZE B39 28%
FAld 3233t Z 83 Global Scheme(GS)e] AH(17) (18).

DPS 3Yo2 7 B3] AL} 289 UL ANY 2% ¢BHAN &329 Yol 0
(Zero)o] Ak, IV ¢2& 2¥Y2{olnz AW BUE ALK] &BAJA AL3to] 0
(Zero) & ZtAS S FESel A=Y Y& FAAL, GS PYos 433 A3} ] v B2
RE] 29 Y| 0(Zero)o] HTH ol o|FHUAY Y BAYS WA 32 (Agonist) #
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Z %2 (Antagonist) o] Yo ¥& FAIA HAM37] Gl e el a3y 4¥EZ
3 EMG activity® 32j3te] &9 €2, v¥2, dE3= 4A2s 42 42 ¢HEe
it wEi ¥ A7 E YYIES LHIYE 289 AL ddFe vz B
8 Aopae] Artste] 4 (2) & AL 28A HRAYY L FYT F GS PHeE 289 Y&
o &3ttt

Minimize X Fj (2)

8. t. M,=Z riiFii
F‘i,-/PCSAﬁ (=0
F, = (PCSA; / PCSAﬁ. )*F; (2% ist 2% j= ¥493)

3. 449

gty o2 MY EF (Isometric contraction)A] 282 LHIZ™H} rectified
intergrated EMG (REMG) amplitudes}= Stepwise linear @77} itz ¥2lA A}H(3)
(M), =2A 289 ¢ TY3 EMG amplitude 7t9] vz 2N 249 €242 13
F Ak, ¥ AFAA L A AAQYRRd 9 24 & AW AN FAY AMEIe] R
289 EMG activity®& &%, ¥£431d,

EMG A3 3% 8mm, Ag-AgCl disk ¥eje] EAYFAZ (Surface bipolar
electrode) & Al&3lenl, AF 479 AgdE Icm= 3HAT(12).

AD converter?] T/} A& A} 4319 67 /<] EMG signaldl Strain gauge=4¥
BH2Y L FAld S AFo2HE9 EMG signal® ZYE(Gain 500) & F3
FExglew AD converterel 23 1000HzZ 1027} Sampling 3t% PCel 71251, W
E s ¥E{(Band pass filter, bandwidth 30-500Hz) & Al-g-3lc] ¥EIZW ¥ A2
WAl 12XZH(AFE 0.52)9] REMG amplituded BzZ& F3to AdZEYAe] EMG
amplitude® AMg-33ich

AYe 399 SAUARN & At 3P 8 VLT o ] 33 NI
o €339 dx= G AMAA g FFAle AP YA 105° - 120° A 105°%} 120°&
AR en], 1B == AP VALY 75°9 105° AlRIAA 70°8) 90° &, YZAHFL 90°
- 100°Ato]lefA] 90°8 A3t APL FPA.

4 I F

AZe] AGATE 4 AAAA ST 2] W 2928 Ak AJAYA T 299
Aol A AAES o] 2 29 ARV = v FVE JEI 1o
Strain gauge® & 339 Yo BT AMAURE] iUt 4 AP EREE
ALE L ol HE] o|THAAYYE AL T 289 Y& AZAUA. o] AFAS B
EMG amplitude® Normalize®te] 1§ 3] ulszsle] Jehfgict
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¥ 3. EMG amplitudes} o &x]}e] ujz

a¥ 3o Jebd Z 289 of&a]et EMG amplitude 7t #9018 ilolrl QA& AR
37] 93] Pairwise T-test®& AAl3gict I A3 dESE a=0.01 $FAM, &2, 32,
7HARI 2L a = 0,05 FEAA zlo|7 QANA D, A=A u¥ 2T Aol AE Ao Y
St

5. £ 9

A7 NG 2L A9 Y& 2/ 3 6719 FFZ VL BAYAT, &L =
AAA BAQA HPA 7 289 LHIYE T 438 AL A

FUVALY L AIS W 2 289 YUY B ofZA = 2B <59 Y& oy ¢
Hoz AA{=vo] wet 42 aje] & YepAT

DPS £+ PDS, GS o= i & Alg3te] 289 Y& AL x 288 282 ol 09]
H3 g Z2/8E9 Yol Overestimate HE21& M $ gt ol A¥AY Y] BAPS 4
A4 2 ( Agonist muscle )3 Z¥2( Antagonist muscle ) 9 <] & FAlo] y23
7] W 8e] et et 2y AFPAAN Y &, vEZ, T L 3Y 29
Yebd EMG amplitudest 2ol 43¢ Wol BHHT A& & LFUT. s £ A7A

T YYCES HHIYHE 28 A 9a e bz Bited ML A GS ¢
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e AEsAT}. o Wyes 7 289 Y &Y PIsk EMG amplitudes] H3HE v
ME A Y 30] Uhehg wpeh Po] AA 24 TS I 4T Y& UL
g8 Eo] €29 Yol 0(Zero)ol HAE Z¢ REZ F=T Yol FHAAAT 4] w9
HeA &0 U Fujstel YE Yol A2dAED oo 2, AHAZ, w2 Z2E9
3% Q¥ SozA AM EMG activitysh A ZHE d&F U ¥ AFAA ALY
who] B ErE el Utk 2Ent o wue FFA|dE 29 BANAIAH A w} 23
7} W mzEA Hssing A8 FAHY Lol df§ TR

A 2044 25 AP dESH €29 EMG amplitudest AZ21xct A Yehiz
Qith. ol: Aol BAA YEIH &2 FAY AIe| SAst HFer AHAN EMG
amplitudert AM 3zt ¥A &Pt B4 A,

7 289 o219 EMG amplitude 7t¢] Pairwise T-test 23 ti=3 I3 u] B2 gho]
o7t A Ao ety 2@y Ao %2 EMG amplitudes] ¥3} #3¥& ¥ k3ith
ol 2 £YA 289 v AA WAPAY 2Ky A A LAWY BT FIAE
£ 93}z U3 =7t AMEL} Overestimated o2 oj7ix 7 oo qF AAY 27
o] o]FojA o} @A elrt
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