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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper, to improve the accuracy of the one-mass and three-mass inverted pendulum models,
Received 16 June 2016 which have been used for generating real-time walking patterns for biped robots, we propose a novel

Accepted 27 July 2016

Available Online 11 September 2016 model based on the three-mass inverted pendulum. The proposed model employs an approximation of

moment of inertia of the swing leg to improve the accuracy of the three-mass inverted pendulum in
estimating dynamic behavior of the robot. In order to show the significance of the proposed model,

Em”;’n’fi{ Robot trajectories for the Center of Mass (CoM) are obtained using the three models, based on a desired ZMP

Real-Time Pattern Walking Generation trajectory. The task space trajectories are then mapped into the joint space, using inverse kinematics.

Three-Mass Inverted Pendulum Model Having the joint space variables, the actual ZMPs for the three obtained walking patterns are computed
and compared. This comparison shows the advantages of the proposed model in estimating dynamic
behavior of the robot well, especially for walking with relatively high speeds. The kinematic and
dynamic properties of the models in this paper are based on the humanoid robot SURENA III, which
has been designed and fabricated in the Center of Advanced Systems and Technologies (CAST),
University of Tehran.
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Fig. 4 The proposed model based on the three-mass pendulum
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Fig. 6 The actual and desired ZMP for changing the step length from 20
to 40 cm and time of single support phase 0.6 sec
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Table 2 Mean square of error for changing the step length from 20 to
40 cm and time of single support phase 0.8 sec
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Fig. 7 The actual and desired ZMP for changing the step length from 20
to 50 cm and time of single support phase 0.8 sec
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Fig. 10 The acceleration components of the ankles for changing stride
length from 20 to 50 cm
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Fig. 8 The actual and desired ZMP for changing the step length from 20
to 50 cm and time of single support phase 0.6 sec
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Table 5 Mean square of error for changing the step length from 20 to
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Fig. 9 The obtained ZMP trajectories from one-mass, three-mass and
proposed models
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