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Design of an Image-based Fuzzy Controller for Parking Problems of a Car-like Mobile Robot
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In the automobile industry, there has been a strong increase to apply the intelligent technologies on automobiles in
recent years. One of them is the automatic parking technology and it aims to enhance the comfort and safety of driving.
An ideal solution for today’s car parking problems is the automatic parking system which offers efficiency, convenience,
safety and reliability. A number of different approaches have been developed to solve the parking problems in many recent
works. The recently developed approaches on parking control are still expensive for commercialization.

This thesis made some contributions to deal with the parking problems of a car-like mobile robot (CLMR). The design
of posture-stabilizing controllers for parking control of the CLMR was developed in the first part of this thesis. Other
research studies for the posture-stabilizing control of the CLMRs are all about the stabilizing problem at the origin. This
work presented the several stabilizing controllers which allow the CLMR to reach the desired posture starting from any
initial posture. The switching and non-switching controllers based on an invariant manifold theory were derived for
stabilizing the CLMR in the desired posture after obtaining the chain form. There was a limitation on the vehicle
orientation due to the incomplete manifold in the system. Therefore, the linear state feedback controller was enhanced by
an additional state feedback to make the constructed manifold automatically attractive. The simulation results are given
to illustrate the effectiveness of the proposed controllers.

A novel automated parking system of the CLMR utilizing an image-based fuzzy controller has been developed in the
second part of this thesis. Up to now, there is no image-based visual servoing controller developed for parking problems
of the CLMRs. To combine the behavior of the robot with the image features, a model-free fuzzy controller was designed
without estimating the image depth. The results proved that our image-based fuzzy controller is effective and feasible for
parking problems of the CLMR. However, it is not easy to obtain the suitable parameters of the membership functions of
our controller manually. For this reason, a genetic algorithm (GA) was used to optimize the width of the membership
functions of our image-based fuzzy controller in the third part of this thesis. The GA provided a systematic approach to
reduce the required tuning efforts of the 81 fuzzy rules by a human operator in this work. The results confirmed that our

optimized image-based fuzzy controller was able to trace the desired target trajectory of the perpendicular parking system.
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