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Abstract— Proactive inspection is essential for prediction and
prevention of rolling stock component failures. The conventional
process for inspecting bogies under trains presents significant
challenges for inspectors who need to visually check the tight
and cluttered environment. We propose a miniature multi-link
climbing robot, called BogieBot, that can be deployed inside
the undercarriage areas of trains and other large vehicles
for inspection and maintenance purposes, for the first time.
BogieBot can carry a visual sensor or manipulator on its main
body. The novel compact design utilises six identical couple
joints and two mechanically switchable magnetic grippers that
together, empower multi-modal climbing and manipulation. The
proposed mechanism is kinematically redundant, allowing the
robot to perform self-motions in a tight space and manoeuvre
around obstacles. The mechanism design and various analyses
on the forward and inverse kinematic, work-space, and self-
motions of BogieBot are presented. The robot is demonstrated
to perform challenging navigation tasks in different scenarios
involving simulated complex environments.

I. INTRODUCTION

As the rolling stock industry transitions to adopt condition-
based maintenance, proactive fault detection is becoming
increasingly in demand. Despite the recent advancements
in robotics, no automated technology is yet available for
inspecting components inside confined spaces in the under-
carriage of railway vehicles (e.g. inside bogies). There are
only two limited technologies used in this sector for inspect-
ing external parts underneath the trains. Inside a bogie, the
environment is very tight, consisting of various mechanical
components. The need for pit to access underneath bogie
and labour costs are the main concerns in the rolling stock
inspection task. The manual inspection challenges motivate
the need to design a robot that climbs freely inside the bogie
and scans components for inspection.

Concerning the complex bogie environment, with surface
transitions, irregularities and discontinuities, a number of
challenges are encountered and should be considered in
designing a robotic solution. A compact mechanism is re-
quired with flexibility and adaptability to change its shape
for overcoming various obstacles. The most important factors
in the design of such a robot are the locomotion type and
adhesive technologies that allow the robot to move and climb
in tight spaces. The existing robotic platforms can hardly
meet all the above requirements. The related robots are
reviewed in the next section considering three locomotion
types: continuous, step-by-step, and hybrid locomotion.
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Fig. 1: The 3D schematics of the BogieBot design with six
2-DOF couple joints. One DOF of joints 1 & 6 on last links
are connected to magnets to mechanically turn them on and
off. The sensor is mounted on the body part and one DOF
of joints 3 & 4 are used to rotate sensor 360°.

For the first time, a multi-modal climbing and manip-
ulation robot, called BogieBot, is designed and modelled
particularly to meet the needs of robotic inspection and
maintenance of bogies in rolling stock. The robotic system
is a redundant chain-link mechanism with six 2-DOF couple
joints. It comes with four main links, and an inner body
link to carry a visual sensor (e.g. a camera or scanner) or a
manipulation tool. The first and last links are interconnected
to two mechanically switchable magnetic grippers. Some key
design features are:

1) The slim and compact mechanism is realized by the
design of 2-DOF couple joints with differential gears
and embedded motors inside the body link.

2) The robot’s self-motion and flexibility are achieved
through a kinematically redundant mechanism. It al-
lows optimizing robot behaviour to perform secondary
tasks such as obstacle and singularity avoidance,

3) The design allows switching between locomotion and
manipulation modes or performing both concurrently.
The robot can crawl or climb on ferrous material
surfaces to move between components. It can also
adjust its sensor position in manipulation mode to
optimize the sensor’s location for data acquisition,

4) By modular integration of additional couple joints and
links, the robot reachability could be extended for
operation in a larger environment than Bogie.




