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Representation of Truss-style Structures for Autonomous Climbing of
Biped Pole-climbing Robots∗

Weinan Chen, Shichao Gu, Lei Zhu, Hong Zhang, Haifei Zhu, Yisheng Guan*
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School of Electro-mechanical Engineering

Guangdong University of Technology
Guangzhou, Guangdong Province, China

Abstract— For autonomous pole-climbing robots, mapping
and recognition of truss-style structures is a challenging task.
To build an autonomous climbing system, a truss modeling
and recognition system is proposed and applied to autonomous
climbing. The system consists of three parts: environment
modeling, segmentation by a proposed algorithm called Pouring
Algorithm, as well as Truss Parametric Expression Algorithm
(TPEA). The experiments show that our study is able to
model the truss and extract the parametric expression with
a 7.11mm absolute error of the pole radius and a 9.38%
relative error of the pole length. In addition, an autonomous
climbing experiment based on our system with a climbing robot
is illustrated, verifying the ability of our work to meet the
requirement of autonomous climbing.
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I. INTRODUCTION

Climbing robots are an increasingly dominant class of
robots to carry out high-rise tasks on large buildings or struc-
tures instead of human beings. A number of climbing robots
have been developed all around the world. A tree-climbing
robot called WOODY was made by Waseda University [1].
Inspired by human climbing using timber jacks, a pruning
robot was built [2]. Climbing parallel robots (CPRs) based
on Stewart-Goughs platform for climbing along tubular or
metallic structures were developed in [3]. Without extra spe-
cial devices, the aforementioned robots cannot trans between
trunks and branches. Taking a different approach, Carnegie-
Melon University and other organizations jointly undertook
the project RiSE (Robots in Scansorial Environments)[4][5].

For an autonomous climbing robot system, modeling and
expressing an unknown truss in a form that is convenient for
autonomous climbing path planning [6] is a key problem.
As a kind of CAD (Computer-Aided Design) representation,
parametric expression of the environment is known to pro-
vide a memory efficient expression [7], it is also an ideal
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Fig. 1: An truss-style structure is shown in the top-left
figure, which the robot observes and models. The parametric
expression of the truss is generated by our system, as shown
in the top-right figure, and it is applied to autonomous
climbing. The climbing robot we study is shown in the down
figure. The concentration of this paper is boxed in red.

alternative for path planning [8][9]. For a long time, path
planning assumes a known environment, especially a CAD
representation of the environment. Even though there have
been some path planning works [10] [11] based on the point-
clouds expression, but they are always more complicated.
Also, when it comes to environment modeling, most mapping
systems [12][13] generate a pointcloud model or costmap
model that is discrete and mathematically meaningless, and
is not memory-efficient.

Exactly, CAD model recognition is a problem in SLAM
(Simultaneous localization and mapping), which has been
studied to some extent [14]. Also, there has been some
related works of extracting parametric expression from the
pointclouds data [15] as well as pointclouds segmentation
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