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Abstract

Autonomous navigation of steel bridge inspection robots is essential for proper main-

tenance. Majority of existing robotic solutions for steel bridge inspection require

human intervention to assist in the control and navigation. In this thesis, a control

and navigation framework has been proposed for the steel bridge inspection robot de-

veloped by the Advanced Robotics and Automation (ARA) to facilitate autonomous

real-time navigation and minimize human intervention. The ARA robot is designed

to work in two modes: mobile and inch-worm. The robot uses mobile mode when

moving on a plane surface and inch-worm mode when jumping from one surface to

the other. To allow the ARA robot to switch between mobile and inch-worm modes,

a switching controller is developed with 3D point cloud data based. The surface

detection algorithm is proposed to allow the robot to check the availability of steel

surfaces (plane, area and height) to determine the transformation from mobile mode

to inch-worm one. To have the robot to safely navigate and visit all steel members of

the bridge, four algorithms are developed to process the data from a depth camera,

segment it into clusters, estimate the boundaries, construct a graph representing the

structure, generate the shortest inspection path with any starting and ending points,

and determine available robot configuration for path planning. Experiments on steel

bridge structures setup highlight the effective performance of the algorithms, and the

potential to apply to the ARA robot to run on real bridge structures.
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Chapter 1

Introduction

Within the �eld of health monitoring of bridge structures [2{5], the development

of novel robotic platforms has received considerable attention in the recent years

[6{8, 8{15]. It has been increasingly stressed in the literature that timely and reg-

ular monitoring of steel bridges ensures the safety of transportation vehicles. En-

vironmental degradation (e.g., rain, wind, solar radiation), continuous surface-level

friction, overloading, and other factors lead to deterioration of di�erent structures on

steel bridges. Continuous steel bridge monitoring is necessary to ensure transporta-

tion safety and proper maintenance. The tasks can be done manually, however, it

is time-consuming, labor intensive, dangerous, a�ect to the tra�c, and sometimes

inaccessible for human in complex structures. For the reasons, there are varieties

of robotic platforms [1, 16{19] developed to support human to do the task. These

robots are magnetic-based that help them traverse on multiple angles of steel bridge

structures. Most of the robots are controlled manually by an operator.

As an e�ort to go further in the �eld, the Advanced Robotics and Automation

(ARA) Lab of the University of Nevada, Reno has developed a bio-inspired hybrid
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