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Fig. 6. Physical ability of
Fig. 5. Musculo-skeletal system of the Athlete Robot. the Athlete Robot.

Table 1. Maximum force of muscles and moment arms on each joint.

Fmax N)  Dhip (m) Dipee (m) Dankie (m)

adductors 200 0.060 - -
gluteus medius & minimus 1600 0.048 - -
gluteus maximus 3200 0.050 - -
iliopsoas 1600 0.050 - -
hamstrings 1600 0.060 0.020 -
rectus femoris 800 0.024 0.024 -
vastus 2400 - 0.024 -
gastrocnemius 1600 - 0.020 0.050
tibialis anterior 200 - - 0.035

4. Experiments and Results
4.1. Postural control in bipedal stance

We performed the balance control during bipedal stance by the PID control of each
joint (Fig.7, Fig.8). The joint angles and inner pressure of muscles are recorded.
Although the movement of the center of gravity is relatively greater than for a stiff
robot, the observed sway is similar to human movement reported in biomechanics
research.'

4.2. Passive control of landing and bouncing

The sensor feedback control is a dominant component in the task to maintain pos-
ture against disturbance. In contrast, feedforward controls become considerably
important in explosive movements. The musculoskeletal leg can use preset stiff-
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ness to control posture predictively.
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Fig. 8. Trajectory of the CoG in standing
posture.

As shown in Fig.9, the robot can land softly from one meter drop by exploiting
the anti-gravity muscles and its compliance. These tasks are particularly difficult
for the robot which is driven by the geared motors because of the large instanta-

neous forces and short duration.

Fig. 9.

Soft landing from height 1.0 m.

The direction control of the bouncing appears in running for example. Here,
we achieve passive control of the bouncing by preset stiffness. The stiffness of the
leg is expressed as ellipsoid and its gradient of long axis. The results shows that
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we can control the direction of the bouncing both fall forward (Fig.10) and fall
backward (Fig.11).

Fig. 11. Passive control of bouncing by the preset stiffness (fall backward).

5. Conclusion

In this research, we propose the Athlete Robot with an artificial musculoskeletal
system which is compatible to human musculoskeletal system. We also propose
the “Convex Polygon of Forces” to visualize and design the properties of the mus-
culoskeletal leg. The method, which is based on the kinematics and statics of
link-actuator model, is able to describe output force and stiffness of the muscu-
loskeletal leg.

The Athlete Robot has the biomechanical properties such as range of motion,
muscle configuration, muscle strength and muscle moment arm which is similar
to the human. In the results of the postural control, the observed sway of center of
gravity is similar to human movement reported in biomechanics.

The well-designed leg has the asymmetry antagonistic muscles optimized for
the gravity field. The results shows that the robot can endure the large ground
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reaction force involved in landing. In the experiments of the passive control of
bouncing, we can control the direction of the bouncing by preset stiffness of the
musculoskeletal leg. Such feedforward control play big role especially in the ex-
plosive movements with large instantaneous forces and short duration time.
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