7" ECCOMAS Thematic Conference on Smart Structures and Materials
SMART 2015

A.L. Aradjo, C.A. Mota Soares, et al. (Editors)

© IDMEC 2015

Abstract ID-070

SMART WHEEL-BASED STAIR-CLIMBING ROBOT

Bruno Strah, Stephan Rinderknecht

Institute for Mechatronic Systems in Mechanical Engineering, Technische Universitdt
Darmstadt, Germany
{strah,rinderknecht}@ims .tu-darmstadt.de

Keywords: Wheel-Based Stair-Climbing Robot, Hybrid Nonlinear Dynamics, Unilateral

Contacts, Underactuation, Feedback Linearization, Virtual Constraints.

Summary: Smart aspects in development of a wheel-based robot which is capable to climb stairs
autonomously are presented. Autonomy connotes the ability to climb stairs without any
mechanical contact to environment except ground contact with wheels. A comparison of
wheel-based to other known locomotion systems is given. Advantages of wheel-based systems are
emphasized. The presented Stair Climber (SC) robort uses a rotated chassis whereat the number of
contacts between wheel pairs and ground alternates between one and two. As consequence, the SC
experiences discontinuous dynamics due to wheel-to-ground repeating contact activations and
deactivations. Moreover, the continuous dynamics characteristics of the SC distinguish in different
contact situations. Consequently, the SC model is of hybrid dynamics. Methodic aspects of the
research and development of the SC are given in overview focusing on modeling and control
design. The control design contains a strategy for stair-climbing which is realized as a sequence of
different motion types. These motion types include motion along equilibrium points as well as
motion in between equilibrium points crossing discrete state borders. Since the system is of
nonlinear dynamics, feedback linearization techniques are applied. Specific for one of the SC states
is underactuation which has to be considered in control design. Furthermore, one state transition
is realized within the virtual constraints framework resulting in smooth wheel-to-ground contact
activations. Typical results cover the presented SC. Development perspectives of existing SC are
given,



