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ABSTRACT

In this thesis, Autonomous Mobile Robot (AMR) has been designed and
implemented for avoiding obstacles from its path with an unknown indoor
environment. The platform for this AMR consists of SRF05 Ultrasonic sensor
which is responsible for obstacle detection and robot navigation, two Sanyo
Denki 103H546-0440 Stepper motors, two aluminum drive wheels, two caster
wheels, aluminum base, PCB board contains interface circuits for sensor and
motors with the FPGA board and this board is used to process the sensor data and
issue commands to the motors to control the actions of the AMR.

The AMR has been divided into three modules: Ultrasonic sensor module,
Stepper motor module, and the Supervisor module besides the mechanical
structure. The Ultrasonic sensor module consists of the sensor and its controller.
The Stepper motor module consists of the two stepper motors and actuator
controller for controlling the operation and direction of these motors. The
Supervisor module represents the intelligent controller for AMR. This controller
has been divided into three parts: Supervisor Controller based on one of the two
intelligent techniques (fuzzy logic or neural networks), Sensor Controller and
Actuator Controller. All these controllers have been implemented as hardware
inside the FPGA board programmed by the VHDL language. In the fuzzy
intelligent controller case, LabVIEW software is used as a GUI environment to
design the supervisor controller by modeling the resultant control surface as table
(called Fuzzy Control Table) and implementing it using the Spartan-3 FPGA Kit
instead of synthesizing the classical three stages (Fuzzification, Inference Engine,
Defuzzification). This intelligent controller approximately consumes 6% from the
FPGA area with a maximum allowable speed of 185.086MHz. In the neural
intelligent controller case, Matlab software is used as an integrated programming
environment with using neural network toolbox to design the supervisor
controller by training it in an offline mode using back propagation (BP) learning
algorithm to obtain the suitable weights and biases that are used later for the
Virtex-II Pro FPGA Kit implementation of the controller. This intelligent
controller approximately consumes 7% from the FPGA area and 41% from its
multipliers with a maximum allowable speed of 58.907MHz. The performance of
the AMR has been tested in an indoor environment which is not defined and
already contains various obstacles and different spaces and the performance of
the robot through navigation in real-time has been similar to the results obtained
in the ISE 10.1 Software simulation. So that when allowed, the robot starts to sail
in this environment. Robot starts to move in four movements to avoid obstacles.
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