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ABSTRACT: This paper presents contribution to the simulation of biped robot Kondo robot KHR-1HV using 19-
DOF. Studies in the area of humanoid robotics have recently made a remarkable progress. The modeling of
the Kondo KHR-1HV humanoid robot motion is analyzed. A Rinematic scheme of a 19-DOF biped
locomotion system is used in simulation. The simulation results in the Matlab /Simulink and Robotics
Toolbox for Matlab/Simulink environment show the validity of the proposed method.
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¢ INTRODUCTION

In recent years, there has been a growing interest in modeling, simulation and control of the
humanoid robot motion. Currently many researches in robotics are dealing with different problems of
humanoid robot motion. This paper deals with the simulation of biped robot Kondo robot KHR-1HV
using 19-DOF.

The modeling of the Kondo humanoid robot motion is analyzed. The problem of bipedal motion is
a very complex task. Studies in the area of humanoid robotics have recently made a remarkable
progress.

The considered humanoid locomotion in this paper has 19-DOF. The simulation results in the
Matlab/Simulink and Robotics Toolbox for Matlab/Simulink environment show the validity of the
proposed method. The paper is organized as follows:

The paper is organized as follows:
Section 1: Introduction.
In Section 2 modeling of the Kondo robot motion is proposed.
In Section 3 the simulation results of the Kondo humanoid robot motion are illustrated.
Conclusions are given in Section 4.
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% MODELING OF THE KONDO ROBOT MOTION

The Kondo KHR-1HV humanoid robot’s body consists of a number of rigid segments interconnected with
joints. During the bipedal walking, some kinematic chains in their interaction with the unknown
environment transform from open to closed type of kinematic chain. The dynamic model of the
locomotion mechanism of the robot in a vector form is:

H(q)d +h(q.q)=t+J" (q)F (1)
where: H(q) - is the inertia matrix of the mechanism,
h - is the vector of centrifugal, Coriolis and gravitational moments,
J(q) - is the Jacobian matrix of the system,
q - is the vector of the internal coordinates,
F - is the vector of external forces and moments,
T - is the vector of the driving torques at the robot joints.

© copyright FACULTY of ENGINEERING - HUNEDOARA, ROMANIA 73



ANNALS OF FACULTY ENGINEERING HUNEDOARA - International Journal Of Engineering

Biped locomotion of humanoid robots is a very complex process to modeling. The bipedal walking
of the robot consists of several phases that are periodically repeated: single-support phases and
double-support phases.

The dynamics of the locomotion mechanism can be expressed by the Lagrangian dynamics.
Computed Torque Control method is applied for control of the humanoid robot motion. The widely-
known method to generate a stable trajectory for a biped robot is based on the Zero-Moment-Point
(ZMP) equation. The concept of Zero-Moment-Point was first introduced by Miomir Vukobratovic and
has an essential role both in scientific research and practical applications of bipedal motion of
humanoid robots. The Zero-Moment-Point is the center of pressure at the feet on the ground, and the
moment applied by the ground about the ZMP is zero.

The considered humanoid locomotion mechanism used in simulation in this paper has 19-DOF.
The scheme of a 19-DOF biped locomotion system, masses and dimensions of the biped Kondo KHR-1HV

humanoid robot is presented in Fig. 1.
_ 155

80 Body measures
....... ) Part length [m] mass [kg]
i head 0.035 0.052
L torso 0.11 0.678
3 single leg 0.22 0.264
single arm 0.155 0.126
2 whole body 0.377 151
g- +
g A m: Link |mass [kq] Moments of inertia [kg m*2]
| e sagital axis (Ix) | lateral axis (ly) | vertical axis (1z)
2 ' head 0.052 0.0704X100-4)  0.1224X10%-4) 0.0867X10*-4)
torso 0.678 0.0007 0.0005 0.0011
= upper arm 0.062 0.1244X10%(-4)  0.1764X10%(-4) 0.0867X104(-4)
2 forearm  0.06 0.0704X10°(-4)  D.1224X10%(-4) 0.0B67X107(-4)
| hand 0.004 0.1225X104-5) 0.1225X107-5) 0.0100X107{-5)
< thigh 0.07 0.4164X107(-4)  0.3807X10%(-4) 0.0704X10%(-4)
| shank 0.116 0.5178X104(-4)  0.4983X104-4) 0.2448X10*(-4)
] foot 0.078 0.1395X10%-4)  0.3473X10%-4)  0.3142X10*{-4)

Fig.1. The Kondo KHR-1HV humanoid robot
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< SIMULATION RESULTS OF THE KONDO HUMANOID ROBOT MOTION

Simulation experiments are commonly used for the initial system analysis and control design
while the experimental scalable test bed system has to be used in the final phase of system evaluation
and control verification. The obtained results and control architecture can be afterwards adapted to
the different application of mobile robots. Based on this, the important task in system development is
accurate and valuable modeling of the observed system.

Simulation of the humanoid robot motion was performed using Matlab/Simulink and Robotics
toolbox for Matlab/Simulink. In the simulation the biped robot walks on a flat horizontal plane. The
simulation time is 3 s. The results of the simulation of Kondo robot motion are shown in Fig. 2-7.
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Fig.2. Torso waist pitch angle
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Right leg hip pitch angle
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Fig.3. Right leg hip pitch angle
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ZMPx vs. tempus
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Fig.6. ZMP x trajectory
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Fig.7. ZMP y trajectory

«»  CONCLUSION

This paper will deal with the modeling and simulation of the autonomous motion of KONDO KHR-
1HV humanoid robots. A scheme of a 19-DOF biped locomotion mechanism of the anthropomorphic
structure is used. The simulation results in the Matlab/Simulink and Robotics Toolbox for
Matlab/Simulink environment show the validity of the proposed method.
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