W KEARERZALE  Bull Inst Health Sport Sci : Univ of Tsukuba 18 : 117—126, 1995. —117—

BEY > 7 ETIVICE D BEERIS I 2L -2 3> D AT LDOREL
AR—=TEENDIEH

OB AW T O®E O B-E T

e

Simulation system of human movement based on link segment model
and its application to sport movements

FUJII Norihisa, AE Michiyoshi and MIYASHITA Ken

The purposes of this study were to develop the three-dimensional simulation system of human move-
ment based on link segment model, and to demonstrate the applications to sport movements. General dif-
ferential equations were derived from the link segment model to describe the motion of the model. The
equations cor_nsisted of the Newtonian equations of motion, the connecting equations between adjacent seg-
ments, and the constraint equations of joints which represent the degrees of freedom of joints. Simulation
system was applied to the pitching motion and the sprint running motion in order to validate the system de-
veloped. Good agreement was achieved between the original pitching motion obtained from video analysis
and the motion estimated from the simulation. Simulation results of sprint running suggested that human
motion might be modified so that change in power should be minimized. In conclusion, it is suggested that
the simulation system developed in this study will serve as an effective tool for teaching and coaching of
sport techniques.

Key words - link segment model, three dimensional simulation, degrees of freedom of joint, pitching motion,
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Fig. 1 " Forces and torques acﬁng on i-th segment.
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Fig.3 Definition of constraint axis of the segment.
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a: Acceleration vector

w: Angular velocity vector

&: Angular acceleration vector
F: Joint force vector

T: Joint torque vector

V: Vector from CM to joint
Mi: Mass of segment

Segment 2 can rotate about only x2-axis.
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i-th segment

" Vector from CM to joint/ from joint to CM

Fig. 2 = Relationship between adjacent segments.
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Fig. 4 Constraint by imaginary angle of segment.
Time history of angular acceleration is input
to equations of motion.
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Fig. 5 Three—ségment model for pitching motion.
Each coordinate is_ fixed to each segment.
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Fig.6 Angle of thigh segment.
Angle history represented by solid line is
assumed during swing phase of sprint running
in simulation.
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Conditions of simulation for the swing leg.

Condition

Modification of input data

Objective function

1

knee torque, ankle torque

hip torque, ankle torque

horizontal force of hip joint, ankle torque

vertical force of hip joint, ankle torque

hip torque, knee torque, ankle torque,
horizontal and vertical hip joint force

minimizing torque squared

» (@21 o (Fb] [\)

hip torque, knee torque, ankle torque,
horizontal and vertical hip joint force

minimizing power squared

Table 2  Stride length, time from toeoff and touchdown, and velocity of the toe at touchdown.
Symbols 1 and | show increase or decrease of each parameter

in comparison with original condition.

Condition | Stride length, | Time from toeoff | Velocity of toe,
m to touchdown, ms m/s
Original 4.52 352 5.20
High knee 468 1 356 ? 6.35 t
l - -
2 4.52 354 5.69
3 4.25 355 5.06
4 4.73 361 5.62 i
5 4.47 362 6.62
6 4.61 367 6.99
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Wrist wrist
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(a) Experimental result

(b) Simulation result

Fig. 7 Stick figures of pitching motion.
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(a) Experimental result of original motion of subject

T

(b) Experimental motion under condition that swing of thigh was emphasized

(c) Condition 1. Torques of knee and ankle were modified.

g

(d) Condition 2. Torques of hip and ankle were modified.

Eﬂ‘\\%&?\v

(e) Condition 3. Horizonta} force of hip joint and ankle torque were modified.

() Condition 5. Joint forces and joint torques were modified under condition
: that sum of squared torques should be minimized.

(h) Condition 6. Joint forces and joint torques were modified under condition
that sum of squared powers should be minimized.

Fig.8 Stick pictures of swing leg.
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Fig. 9 Pathway and velocity of the toe relative to the hip joint.
Symbol+indicates hip joint.
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Fig. Al - Definition of Eulerian angles 6, ¢, ¢
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