








Abstract

Recently, the development of humanoid robots with a certain level of intelligence be-
comes a popular research topic. The size of entertainment based h unmnoid robots are
usually over 30cm and 1lkg which are quite large and heavy. To reduce the size, extra con-
straints are introduced in hardware selection, mechanical design, motion planning, and
even human-robot interaction, etc. In this thesis, we present a new entertainment based
humanoid robot, PHR, which is palm-sized with 20 degree of freedom. To increase its
portability, it is designed to be foldable.

In our research, we focus on the detail investigations in mechanical design, gait synthe-
sis, gait planning, and balance control. Being an entertainment based hunanoid robot, the
interaction between human and PHR is also considered. In the thesis, we firstly desaib e
the design of our palm-sized humanoid robot. Its actuation is based on a mini-sized servo
motor. A special joint configuration for the folding operation is then introduced.

Moreover, we solve the the 3-dimensional inverse kinematics of PHR which is a key
technique for gait synthesis, planning, and balance control. By determining the mapping
from Cartesian space to robot joint space, the gait pattern of PHR. is generated using the
concept of gait frames. For gait planning, the approach of Bezier curve interpolation in
gait frames is utilized. By adjusting the control points in between the foot positions given
by two consecutive gait frames, the gait trajectory can then be manipulated. For the
balance control, a geometric method along with the application of 3-D inverse kinematics
is introduced.

For the human-robot interaction, a hand gestures recognition algorithm based on Haar

wavelet representation is presented. It performs real-time recognition with high accuracy.



In the algorithm, we standardize the hand orientation by using the concept of principal
axis (axis of elongation) which gives a benefit in highly reducing the database size. We
then develop a codeword approach to facilitate the searching process. A fast and efficient
measurement metric is finally proposed for the gestures recognition.

Finally, the experimental results of those algorithms are presented and evaluated. The

thesis then sums up the contributions achieved and proposes some future works.
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