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Abstract

Autonomous mobile robots have been given a lot of interest in the last few years, particularly
with the evolution of application fields where human presence is dangerous or difficult such
as search-and-rescue, cleaning or exploration. Most of these applications require operation in
unknown, uncertain and densely cluttered environments. Developing a satisfactory
navigation method that can drive a mobile robot safely in these environments is still a
challenging problem.

In this thesis, a new reactive obstacle avoidance approach, entitled Closest Gap
Navigation (CG), for mobile robots moving in cluttered and complex environments was
developed and implemented. The novelty of this approach lies in the creation of a new
method for analyzing openings in front of the robot that highly reduces their number as
compared with the well known Nearness-Diagram Navigation (ND) technique, particularly in
complex scenarios. Moreover, the angular width of the chosen (selected) gap with respect to
the robot vision is taken into consideration. Consequently, oscillations are alleviated, the
computational complexity is reduced and a smoother behavior is achieved. Our technique
adjusts the motion law proposed in the Smooth Nearness-Diagram Navigation (SND) method
to generate safer paths for the robot by considering the ratio of threats on its sides and
applying stricter deviation against an obstacle as it gets closer to the robot. Hence, the
problem of deadlock occurring in narrow corridors, with high threats on one side and low
threats on the other, is solved without affecting the smoothness behavior.

In addition, in this thesis the new method for analyzing gaps, proposed in the Closest
Gap (CG) approach, is integrated with the Tangential Escape (TE) scheme. This
combination, named Tangential Closest Gap Navigation (TCG), results in faster and less
oscillatory robot paths. Moreover, motion commands are derived with proven stability in the
Layapunov sense for the whole control system, which ensures that the robot reaches any
reachable goal.

Also, this thesis introduces further enhancements for the Tangential Closest Gap
Navigation (TCG) approach. The enhanced method, entitled Smooth Tangential Closest Gap
Navigation (STCG), considers all obstacle points falling within a pre-defined safe distance of
the boundary of the robot, not just the closest one, in calculating the motion commands.



Hence, this technique is capable of generating smoother robot paths, particularly for non-
polygonal obstacle shapes. Furthermore, it improves the safety of paths generated by the
TCG through keeping a safe distance between the robot and obstacles while following their
contour in wide corridors. For narrow corridors, the robot moves between the obstacles on
both sides of the robot heading direction.

Simulation and experimental results are presented to show the performance of the

proposed approaches and to demonstrate their power as compared with other methods.
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