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Data acquisition and motion simulation of lower limb

GENG Yan-li', YANG Peng'’, LIU Zuo-jun'*, WANG Pei-pei' (1. School of Control Science
and Engineering, Hebei University of Technology, Tianjin 300130, China; 2. Engineering Research Center of In-

telligent Control Technology and Device, Ministry of Education, Tiangjin 300130, China)

Abstract: Objective To establish the three-dimensional (3D) and biomechanical model of lower limb for kine-
matics and dynamics analysis, and construct the control platform of lower limb for providing theoretical basis for
the design of active transfemoral prosthesis and lower limb exoskeleton orthosis. Methods Motion information of
the hip joint, knee joint and ankle joint was collected by VICON 3D motion capture system. The 3D model of lower
limb was designed by Solidworks for kinematics analysis. Based on SimMechanics in Matlab toolbox, the biome-
chanical model of lower limb was built to analyze dynamics of lower limb. Based on hardware-in-the-loop simula-
tion platform of Quanser, the control model was constructed to receive control signal from SimMechanics and re-
alize the control of lower limb motion platform. Results The velocity, acceleration and moment of force in each
joint were obtained thorough kinematics and dynamics simulation. The established model of lower limb was vali-
dated by simulation, and the simulation signal was used to control the lower limb motion platform and realize the
funtion of level walking. Conclusions The platform can be used for the research on kinematics, dynamics and
control of lower limb, which has paved way for further investigation on the control of active transfemoral prosthesis
and lower limb exoskeleton orthosis.

Key words: Lower limbs; Kinematics; Dynamics; Simulation; Gait analysis

HI T AN H B AL SZiE gl AR R TSRS Ok, RS il B R s A AR T iz sh AR
PR s A R, A58 B 2 il L 1 0 SR B e AN AR AR 15 M Ee I A TR K
e E #8:2012-05-10; 18] F #8:2012-07-09

E&WH:FRARPELS R HE (61174009) , FEZRHE S #ITR1% 05 H (2009BAI71B04) ,
BIEEE BN, 247, Tel:(022)60201764 ; E-mail; yphebut@ yahoo. com. cn,




BER,E. TRIENEERESEHHE

GENG Yan-li, et al. Data acquisition and motion simulation of lower limb 155

PERE . B S A RNLA i R G, n] LR sl
P R G BB B ARAE S R G iE B, OF
ARAFIB I R PR SEAT TT AILA A7 5 TR IR A
Y BHWARGHA BRITHAS, 7] LLFEAT 4 B F 8% 5
Jr R A IR IT o SR BB R T
IRCHIAT A A4 AR AT L BN A BT
REAREB AT J1 T I AT ) 32 AR B AE SR
ST T7, T EA R IR EAT iAo X e AP
WA SRR 22 2 A5 B AT M, S AR i
BRI BEATIE Bl 5 8l 127 00, IR 5 T3
NGz s G HEATEUE, 32 3h BB
BT AR A R SR AL A SR

1 AWT}H d]1l=| 8 7K7|<

i) VICON Stz sl R G R AR T ik
V- AT A2 S BRI R AR B AR BIEOC T JHE
TIFBR T B AL FR . I Solidworks 57
(N B 3D RS HY H T 45 D6 o B BUHE 1 Ry
B 4 5G9 1 i A Bl , R COSMOSMotion #fi 4
X R R 38 Bl 2 5 L, 45 30 4% 5770 3 BE A
HEAE B FI A Matlab A AILA 07 FLABL R (SimMe-
chanics ) JE 7 BCT RARARY, XF AR T BT 44
00T BT Quanser LY P SHEEENET
J iz shAE HAR AL X 0T BGE shoF & R T4, AR
BEHUE 1 s,

; F F Solidworks & 37 E

AE3DREAT
B
j’? #
! i
3
- B
B
1 VICON= QE

I)\VFLSM;:@ i *UFHSimMechanics%ji
DORERGE ) AW TR RLAT !
' PRI mhan

T%%'JF 57

IQUARCjk RHEHTEA]

A\V4
(XU JheE3h 3240 &)

E1 2EiEitE
Fig.1 Schematic of the overall design

A VICON Stz shifi it R G0 36 #4 A

PEATHE W BROCHY I B EoR A o B 16 A,
LR 14 N Bl E AR HEE P BT P AT
(3.2 km/h, B4 km/h) 36 R AT E 2
AT NET Bz sh 5 Bk, Wik 5% O
VICON Z SR IE , B 8 M X 35 @32 3K 3 T Ok
Wi SR IC A QR TS AL @YF R S EZEK
Z R RN A S, 0 B 1A 0 I FhRic s
OB IRy BEATE , B AR 40 214K
i o X B R A T 52 BORN 43 B, A5 211 Hb A 7 48 L
BR 3 T I AR XTI O 2R DL S H AT 2 J7 ((ground  re-
action force, GRF) , & 2 fim. #&T 0°LL Ry
i, 00 AT Ay Je oy 5 IR DG 15 AR 30 Ay T I 25 ot AR o6
R B A 5 BROCTT 0° LA bR I, 0° LA S B i o
N AT DU M SCEE RS 20 28 R Y 60% 7o
A B LY Y 40% , X 36 44 525 A 1Y s

BEATGETT 200 0T, T 1 M AT 38 S BRI 20 AR T A&
KAAEEENER 1 PR,
120 660

GRF
N

20 40 60 80 100

SBARE%
i#ﬁ%ﬁ (60%) #ziz;bﬁﬁ (40%)
B B
i#ﬁ%ﬁ ST 32?%1@% S

2 XTRESHERA
Fig.2 Schematic of lower limb joint angle and ground reaction
force( GRF)

R1 AETHREFHITESEXTAE

Tab.1 Joint angle of lower limb during level walking
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ISR A G A 30,14 £2.45 2.52£1.67  2.25+1.94

VAR KA AR —12.25 £3.12 12.28 £2.34 14.75 +2.45
AV 8 i e 15 £ 3
AR RIS fE  25.58 £2.78 61.62£2.52 8.38 +1.42
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Fig.3 Kinematics simulation of lower limb
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Tab.2 Mass, center of mass and rotational inertia of lower limb

PN N 2
m/kg 8.346 2.524 0.838
J M3/ mm 250.58 204. 1 38.44
I/g+ cm? 1142 258 230 033 24 886
1,/ cm® 1 169 737 234 862 23 512
I./g + em® 525 529 26 029 32 877
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Tab.3 Parameters of one leg
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Fig.5 Kinetics modeling of lower limb
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