¥ T

ABSTRACT

In this study, the human gait trajectories during normal walking were synthesized using the inverse
kinematics and optimization techniques. The synthesis is based on a lower extremity mode! consisting of a
torso and two legs. Eachleg has three segments: thigh, shank, foot, and is assumed to move with six degrees-
of-freedom. In order to synthesize trajectories of this redundant system, the sum of angular displacements of
articulating joints was selected as an objective function to be minimized.

"The proposed algorithm in this study is very useful for the analysis of human gait. For the gait analysis,
the trajectories of four points in each leg should be measured. However, by using the algorithm, measuring
the trajectories of two points is sufficient, and thus the experimental set-up can be simplified.

The predicted joint trajectories showed a good agreement with those obtained from the experiment. The
statistical analysis and graphic simulations are also presented.
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9l . 2@ge] ul3/9] M (Adduction/Abduction of the Hip)
92' . @A 8] Z-2/4)14 Flexion/Extension of the Hip)

6. z@as] JA/slS % (Internal/External Rotation of the Hip)
94‘ BRI Z3/21 A (Flexiow/Extension of the Knee)

e5‘ s YEBA e F/41 3 (Plantar Flexion/Extension of the Ankle)
O5: WS BN UA/NS 3 B(Adduction/Abduction of the Ankle)

Fig. 1. The gait model
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Fig. 2 View of the Frontal plane and Sagittal plane
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Fig. 3. Trajectories of the knee joint
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Fig. 4. Trajectories of the ankle joint
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Fig. 9. 3-D animation for subject A

4. A& A TF AT

2o E40] go] PIFUL Fotod Lol 7 e AN 7 £H) HURL VUYD vwA
F YAPE RS2 A4E, 9D slee HSEE tie e ggled Svke Zass
Feloh AR F WS FARA ebdth BREo e 2997k S10%EE AASE BAL BYs
o o2t WAL 1oy Rdo] EEYUY SN E wfste] BaPT Woh FYstA AP 2
Hsteiekn ot JEd Algdelds) AT o BYS BAsked] $Euy SEoA 2ue 57
7o) ¥elE s sl YRYFLS HYSHL Bk B Agsie, EN e BYz vy
Y A HESAE EHY A UMY SRS Folme BT T2 & o] o 8
sich EW HU3} FeIM orold Teage Uzte] THE 5ol UL FUY FLE AL

—143—



o 2 Qlojd Y XgeH o)Al 7127 H 2o

AnEd

[1] Patil, K. M. and Chakraborty (1991) Analysis of a New Polycentric Above- Knee Prosthesis with a
Pneumatic Swing Phase Control. J.Biomechanics 24, 223-233.

[2] Yang, L., Solomonidis, S. E., Speace, W. D. and Paul,J.P.(1991) The Influenceof Limb Alignment on
the Gait of Above-Knee Amputees. J, Biomechanics 24, 981-997.

[3] Flowers, W. C. and Mann, R. W. (1977) An Electrohydraulic Knee-Torque Controller for a Prosthesis
Simulator. IEEE Trans. on Biomech. Engng Feb, 3-8.

[5] Chao, E.Y.S. and Rim, K. (1973) Application
of Optimization Principles in Determining the Applied Moments in Human Leg Joints Durng Gait. L
Biomechanics 6, 497-510.

[6] Cappozzo, A. , Leo, T. and Pedotti, A. (1975) A General Computing Method for the Analysis of Human
Locomotion. J. Biomechanics 8, 307-320.

(7] Townsend, M. A. and Tasi, T.C. (1976) Biomechanics Modelling of Bipedal Climbing and Decending. J.
Biomechanics 9, 227-239.

(8] Hardt. D. E. and Mann. R. W. (1980) A Five Body-Three Dimensional Dynamic Analysis of Walking.
Technical Note, J.Biomechanics 13, 455-458.

(9] Nubar, Y. and Contini, R. (1961) A Minimum Principle in Biomechanics. Bull. of Math. Biophys. 23,
377-391.

[10] Chow, C. K. and Jacobson, D. H. (1971) Studies of Human Locomotion via Optimal Programming.
Math. Biosci. 10, 239-306.

[11] Hatze, H. (1977) A Complete Set of Contol Equations for the Human Musculo-Skeletal System. J.
Biomechanics 10, 799-805.

[12] Serieg, A. and Avikar, R. J. (1975) A Mathematical Model for Evaluation of Forces in Lower
Extremeties of the Musculo-Skeletal System. J. Biomechanics 8, 89-102.

—144—



