Abstract

Autonomous robot navigation (A.R.N.) can support humans in many applications.
Autonomous navigation is a difficult problem due to the variability of the surrounding
world. Fuzzy Logic System (F.S.) has features that make it an adequate tool for
addressing this problem and provides significant advantages over classical control

methods.

In this thesis, the fuzzy rules are collected according to the given application. Two
algorithmic models, inspired by biological and natural systems, are developed and used to
solve the A.R.N. problem efficiently. First, the Fuzzy-Artificial Inmune System (Fuzzy-
A.LS.) algorithm is developed and used for evolving a fuzzy rule-base, which is used to,
adaptively, control a simulated mobile robot. The optimized model is used as an immune
system to prevent the robot from illegal moves or collisions. Several experiments have
been conducted with different repertoire/population sizes. The results are compared with
the traditional Genetic Algorithm (G.A.) technique. However, the results show that using
A.LS. paradigm outperforms G.A. technique on the short run, whereas G.A. outperforms
A.LS. on the long run. The basis for this application is a two-dimensional mobile robot
simulator, named Rossum’s Playhouse (R.P.1), which is intended to aid developers

implementing robot control and navigation logic without excessive complexity.

Second, the Fuzzy-Ant Colony Optimization (Fuzzy-A.C.O.) algorithm is developed
and used as an optimized model for robot navigation. This optimized model is inspired by
the foraging behaviour of real ants. Several experiments have been conducted over
different simulated environments with different complexity and scenarios. The results are
compared with the A.LS. technique. The results show that the proposed approach

performs better with time limitation.
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