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In the twenty-first century, the percentage of ageing population is increasing not
only in the developed country and apparently in the developing country as well. Nearly
in the future, all countries will be facing similar situation although the level of intensity
and time frames are varies between each countries. This scenario will lead economic,
political and social problem such as extension of retirement and pension, rising medical
cost and increasing demand in health care service. Increasing number of the elderly
people around the world becomes the main reason for humanoid robot research in these
recent decades. This is the reason why humanoid robot researches are still needed even
though there are numbers of established platform developed by universities and
companies. This scenario inspired us to contribute in this field of research by
developing a new mobile humanoid robot for assisting elderly people.

In performing domestics task such as cleaning, picking and carrying food or
household item from one room to another, a mobile humanoid robot are required to have
high mobility, and ability to manipulate object in optimized manner. There are
numbers of constraints and consideration need to be considered to perform these tasks
such as unknown environment, obstacles avoidance, object recognition and
manipulation, the execution time, safety features and understanding human instruction.
In this thesis we investigate the performance of the proposed neural controller in
simulation environment and on the newly developed mobile humanoid robot. Single and
multi-objective evolutionary algorithms are adapted to the system for robot
manipulation and arm motion generation.

The main advantage of our method is that we employ a single neural controller for



each objective function to generate the robot arm motion in a wide range of initial and
goal location. These different criteria will make the robot more intelligent when
choosing the best objective function for the given task. The evolved neural controllers
for the humanoid robot arm motion satisfying three conflicting objectives; minimum
time, minimum distance and minimum acceleration. Another advantage of the proposed
algorithm is the ability of MOEA to find multiple Pareto optimal solution in a single run.
In addition, some neural controllers optimize simultaneously multiple objectives. The
joint angles are acquired directly from the real robot and from these data; angular
velocity, end effector velocity and acceleration are calculated. The joint angular
velocities are used in the simulation and experiment to generate the kinematic properties
of the robot hand.

The performance of the mobile humanoid robot is tested in a series of experiments.
Initially the robot arm motion is generated via neural controller optimizing single
objective function. Four different criteria are selected namely; minimum execution time,
minimum distance, minimum acceleration and minimum angular acceleration. These
criteria are chosen based on human arm motion while doing everyday life activities such
as picking, placing and pushing. In our method we evolved a neural network that
generates the best robot motion for each objective function.

The performance of our robot arm is further tested by generating the robot arm
motion optimizing multiple criteria simultaneously. The motions are generated via multi
objective genetic algorithm (MOGA) optimizing three criteria which are minimum
execution time, minimum distance and minimum acceleration. The performance of the
optimal controllers are tested and compared with one extreme solution which is similar

to single objective optimization.



The level of difficulties of the robot arm motion generation are increased by
considering obstacles avoidance and randomized initial and goal position. Two set of
neural controllers are generated for picking and holding motions of left and right hand.
The performance of the optimal solutions is tested by choosing three different position
of the object on the table. In simulation, the positions are randomly chosen but in the
experiment, the object is detected using laser range sensor.

In the final test, the mobile humanoid robot is required to perform a simple
domestic task of picking a spray can on a table located in one of our lab room. The
robot has to navigate its way from the lift into the lab room avoiding any obstacles.
Once it enters the room, the robot need to move near the table and perform a picking
task. The spray can will be detected using laser range sensor and once the position is
determine, the robot will choose which hand to perform the pick and hold task.

The performance of the generated neural controllers shows good results both in
simulation and on the real robot. The real robot arm can adapted the same neural
controllers for a wide range of initial and goal positions. In the future the object
recognition algorithm can be improved in order to have a wide range of different object
detection. The robot navigation system can be more robust and has the ability to move
in an unknown environment. An improved gripper design can also be considered in the

future for better manipulation capability.
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