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Simplified Modeling and Control of Humanoid Robot
based on Mechanical Advantages
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*Yosuke SHIMIZU , Hiroyuki Akutagawa and Masafumi Okada (Tokyo Inst. of Tech.)

Abstract— Study of robot mainly focuses on the design of motion pattern and controller. It’s often the case
that mechanism exists a priori. Therefore if the additional functions are required, some actuators are added.
It causes increase of weight and the complexity of control. In this paper, we focus on the mechanism of the
conventional humanoid robot and design a new humanoid robot with mechanical advantages.We introduce
the new humanoid robot to the one of mechanical advantages the ankle passive joint. The ankle passive joint
has advantages for not only actuator reduction, but also to enable easy application of inverted pendulum
model to motion control. We verify the effectiveness of the advantages of new mechanism by experiment of

locomotion with the prototype of humanoid robot.
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Fig.1 Prototype of Humanoid
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Table 1 Specification of designed Humanoid

Height 1476mm

Width 420mm

Upper Part Weight | 10kg

Legs Weight 15kg

Active Joints 10

Passive Joints 4

Actuator 90W DCMotor(knee)x2
60W DCMotorx8
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Fig.2 Static of humanoid robot with one leg grounding
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Fig.3 Availability of ankle torque
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Fig.4 The Passive Joint at the ankle
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Fig.5 Behavior of ZMP
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Fig.7 inverted
pendulum

Fig.6 inverted pen-
dulum model

goooooobooboooobooobooooao
00 Fig80ODO0O :00000D000000O0O00OO
oobooobooooboobooooooooboboon

ZA z=kex+kyy+z

Fig.8 linear inverted pendulum
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Fig.9 inverted pendulum
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