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Abstract

By growing usage of the robot manipulators specially of light-weight robots, a lot of
researches are focused on their controlling. Interaction control with an environment is
the most important and, at the same time, the most challenging task. Hence, this thesis
investigates the model-based control of a flexible-links parallel manipulator. Here, the
focus is on the dynamic modeling of a flexible multibody system and the use of this model
to design a high-performance model-based controller. The main goal of this work is the
interaction control of the flexible lambda-shaped robot with its environment.

To achieve this goal, we investigate the lambda robot modeling and validate the models on
the robot hardware to determine the best trade-off between model accuracy and simplicity
for use in real-time applications. The system’s full states and end-effector position are
estimated using three different observers based on the robot models. They are tested on
the lambda robot to determine which one is the best observer. As a result, the nonlinear
high gain observer is then used in an online controller loop for a real-time application
to estimate the system’s full states and end-effector position. To achieve high accuracy
position control, three different controllers in the robot’s joints space are designed and
tested on the robot hardware and the lambda robot’s simulated model. In hardware tests
and simulation, the feedback linearization combination with a nonlinear observer and the
reduced dynamics controller produce very close results. In the robot’s workspace, two
different controllers are also designed. The controllers are tested on the simulated model.
The results show that the reduced dynamics controller performs best for the lambda robot
in joint space and workspace.

To interact with unwanted effects of environments, a disturbance observer is designed
and tested on the simulated model of the lambda robot. The lambda robot has no direct
measurement of its deformation derivative, and estimations are not accurate and enough
noise-free to test this approach on the hardware. Therefore, to have a desired interaction,
a contact tool is designed to interact with the environment and to measure the contact
force. This contact tool is modeled, and a force/position control using an impedance
controller is designed to regulate interaction. Finally, the controller is validated on the

simulation model of the lambda robot.

In this thesis, all of the proposed schemes are extensively tested in various scenarios and
the results show that the modeling, observation, precise position control, and interaction

controllers work successfully.





