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Mobile Robot Locomotion

Review
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Review:
Mobile Robots with Wheels

© R. Siegwart, ETH Zurich - ASL
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Review:
The Four Basic Wheels Types

© R. Siegwart, ETH Zurich - ASL
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Review:
The Four Basic Wheels Types

© R. Siegwart, ETH Zurich - ASL
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Mobile Robot Kinematics

• Requirements for motion control

Fall 2013 ME 598, Lecture 86
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Mobile Robot Kinematics:
Introduction

© R. Siegwart, ETH Zurich - ASL
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Mobile Robot Kinematics:
Non‐Holonomic Systems

Fall 2013 ME 598, Lecture 88
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Mobile Robot Kinematics:
Non‐Holonomic Systems

Fall 2013 ME 598, Lecture 89
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Mobile Robot Kinematics:
Non‐Holonomic Systems

Fall 2013 ME 598, Lecture 810
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Mobile Robot Kinematics:
Forward and Inverse Kinematics

Fall 2013 ME 598, Lecture 811

©2011 Stevens Institute of TechnologyP. 2/3   |   01/01/11

||

Mobile Robot Kinematics:
Differential Kinematics Model

Fall 2013 ME 598, Lecture 812
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Mobile Robot Kinematics:
Representing Robot Position

© R. Siegwart, ETH Zurich - ASL
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Mobile Robot Kinematics:
Example‐ Robot Aligned with YI

© R. Siegwart, ETH Zurich - ASL
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Mobile Robot Kinematics:
Wheel Kinematic Constraints

© R. Siegwart, ETH Zurich - ASL

Assumptions:

Fall 2013 ME 598, Lecture 815

©2011 Stevens Institute of TechnologyP. 2/3   |   01/01/11

||

Mobile Robot Kinematics:
Wheel Kinematic Constraints‐ Fixed Standard Wheel

© R. Siegwart, ETH Zurich - ASL

x’

y’
θ'

Fall 2013 ME 598, Lecture 816



©2011 Stevens Institute of TechnologyP. 2/3   |   01/01/11

||

Mobile Robot Kinematics:
Wheel Kinematic Constraints‐ Fixed Standard Wheel

© R. Siegwart, ETH Zurich - ASL

Fall 2013 ME 598, Lecture 817
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Mobile Robot Kinematics:
Constraints‐ Fixed Standard Wheel Example

© R. Siegwart, ETH Zurich - ASL

XI

YI
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Mobile Robot Kinematics:
Wheel Kinematic Constraints‐ Steered Standard Wheel

Fall 2013 ME 598, Lecture 819
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Mobile Robot Kinematics:
Wheel Kinematic Constraints‐ Castor Wheel

Fall 2013 ME 598, Lecture 820
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Mobile Robot Kinematics:
Wheel Kinematic Constraints‐ Swedish Wheel

Fall 2013 ME 598, Lecture 821

©2011 Stevens Institute of TechnologyP. 2/3   |   01/01/11

||

Mobile Robot Kinematics:
Kinematic Constraints‐ Complete Robot

© R. Siegwart, ETH Zurich - ASL
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Mobile Robot Kinematics:
Example‐ Differential Drive Robot

© R. Siegwart, ETH Zurich - ASL

Fall 2013 ME 598, Lecture 823
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Mobile Robot Kinematics:
Example‐ Differential Drive Robot

Fall 2013 ME 598, Lecture 824
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Mobile Robot Kinematics:
Example‐ Differential Drive Robot

Fall 2013 ME 598, Lecture 825
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Mobile Robot Kinematics: 
Mobile Robot Maneuverability

© R. Siegwart, ETH Zurich - ASL

Fall 2013 ME 598, Lecture 826
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Mobile Robot Kinematics: 
Mobile Robot Maneuverability

© R. Siegwart, ETH Zurich - ASL
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Mobile Robot Kinematics: 
Mobile Robot Workspace‐ DoF

© R. Siegwart, ETH Zurich - ASL

Fall 2013 ME 598, Lecture 828
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Mobile Robot Kinematics:
Degrees of Freedom, Holonomy

How many DOF can be 
controlled by just changing 

wheel velocities

© R. Siegwart, ETH Zurich - ASL
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Mobile Robot Kinematics: 
Path / Trajectory Considerations‐ Omnidirectional Drive

© R. Siegwart, ETH Zurich - ASL
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Mobile Robot Kinematics: 
Path / Trajectory Considerations‐ Two‐Steer Drive
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Mobile Robot Kinematics: 
Beyond Basic Kinematics…

Fall 2013 ME 598, Lecture 832
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Mobile Robot Kinematics: 
Wheeled Mobile Robot Motion Control‐ Overview

© R. Siegwart, ETH Zurich - ASL
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Mobile Robot Kinematics: 
Motion Control‐ Open‐Loop

© R. Siegwart, ETH Zurich - ASL
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Mobile Robot Kinematics: 
Motion Control‐ Feedback Control

Fall 2013 ME 598, Lecture 835
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Mobile Robot Kinematics: 
Motion Control‐ Kinematic Model

inertial

inertial
Δy

© R. Siegwart, ETH Zurich - ASL

α
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Mobile Robot Kinematics: 
Kinematic Model: Coordinate Transformation

• Coordinate transformation into polar coordinates
with its origin at goal position:

• System description, in the new polar coordinates

Δy

for  for  
© R. Siegwart, ETH Zurich - ASL
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Mobile Robot Kinematics: 
Kinematic Model‐ Coordinate Transformation Remarks
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Mobile Robot Kinematics: 
Kinematic Position Control‐ Control Law

© R. Siegwart, ETH Zurich - ASL
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Mobile Robot Kinematics: 
Kinematic Position Control‐ Resulting Path

The goal is in the center and the initial position on the circle

© R. Siegwart, ETH Zurich - ASL
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