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This thesis investigates on development of advanced motion control system for
mobile robots considering dynamic uncertainty, holonomic and non-holonomic problem,
and multi-rate sampling problem, which remain in the current studies of literature.
The mobile robots utilized in this research are a two wheeled inverted pendulum robot
and a four wheeled omni-directional robot. Then, the development of the mobile robots
in this thesis is all-around improvement relative to these problems. The problems, the
contributions, the experiment and the results are described as follows;

Dynamic model is a mathematical model of a physical system in order to express
locomotion of physical system. It is the most important part in motion control
design.Then, this thesis considers the dynamic uncertainty effect to the control
performance. To analysis the uncertainty, system modeling and system identification
have been presented for improving and estimating the dynamic model. Considering the
motion of wheeled inverted pendulum robot, the dynamic models in literature reviews
are derive considering only rotation of wheel. The presented dynamic model is derived
with considering not only wheel-rotation but also body-rotation. Moreover, the system
identification is introduced based on autoregressive with exogenous inputs model
(ARX), which does not concern about measurement uncertainty. To improve the control
systems using odometry, Kinect is mounted in operating space in order to observe the
locomotion of the robots so that the space can locate the locomotion of the robots. It is
called intelligent space. The space can locate the robot locomotion precisely than the
odometry based locomotion because some uncertainties may appear in the odometry
such as slip motion and global positioning error. The multi-rate control systems for
holonomic and non-holonomic robots are dissimilar structure because the motion of
non-holonomic robot is limited. Then, only position feedback is not enough to perform
the robot on the trajectory. The trajectory tracking algorithm is included in the motion
control to navigate non-holonomic robot on the trajectory. It is designed corresponding
to non-holonomic constraint. Therefore, the multi-rate control systems for omni-
directional robot and the inverted pendulum robot are contrast at the trajectory
tracking algorithm. Therefore, this thesis has introduced the new dynamic model of

the inverted pendulum robot, the system identification considering low accuracy




measurement, and the multi-rate control systems for holonomic and non-holonomic
robots. The new dynamic model is improved by considering the rotation of body with
wheel and autoregressive moving average with exogenous and sensor disturbance
model (ARMAXD) was established in order to identify the linear model with low
accuracy measurement. The uncertainty is assumed that it is the high frequency of the
error between the output and the estimate output, which is derived by the estimate of
the state matrix and the input matrix. Then, it is recognized as the members in the
regressive vector so that the effective of the sensor noise is decreased in the
identification result, which means that the identification accuracy is better.

By the way, the multi-rate control systems were evaluated with the position
estimators, which estimate the robot position by involving the robot positions from the
intelligent space and the odometry. To track the trajectory, way point denotes desired
position. It is slided on the trajectory, and then, the control system tracks the way
point. It is called continuous tracking control (CT). For approaching the way point,
omni-directional robot can perform on every degrees of freedom by sliding mode and
the input torques of four wheels can be derived by the attractive force on world
coordinate and Jacobian matrix. On the other hands, the inverted pendulum can not
directly perform on sideway so that it approaches to the desired position by straight or
curve motions in order to archive the way point at the flank of the robot. The
trajectory tracking algorithm is evaluated to treat the curve motion. It transforms the
distance error on world coordinate to the distance error on the vehicle fixed coordinate,
and then the distance error is bounded by trigonometric functions. It seems the weight
function that the priority of yawing is higher than the straight motion.

As the result, the presented dynamic model of the inverted pendulum robot is
derived with considering new motion constraint and the new structure model is
established as autoregressive moving average with exogenous and sensor disturbance
(ARMAXD) model. The simulation of system identification and the experiment on
friction compensation have corroborated that ARMAXD model can identify the robot
system precisely than ARX model. Moreover, the experiment of the multi-rate control
consists of the experiments of the multi-rate control for the omni-directional robot and
the inverted pendulum robot. The simulation of trajectory tracking deals the tracking
performance of vision feedback control and multi-rate control. It shows that the robot
with the multi-rate control can approach to the end of the trajectory faster than vision
feedback control. The experiment on the omni-directional robot and the inverted

pendulum robot can track the trajectory successfully.
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