
Contents

Foreword by Roger Brockett page  xi
Foreword by Matthew Mason  xiii
Preface  xv

1 Preview 1

2 Configuration Space 10
2.1 Degrees of Freedom of a Rigid Body 11
2.2 Degrees of Freedom of a Robot 14
2.3 Configuration Space : Topology and Representation 20
2.4 Configuration and Velocity Constraints 25
2.5 Task Space and Workspace 28
2.6 Summary 31
2.7 Notes and References 33
2.8 Exercises 33

3 Rigid-Body Motions 50
3.1 Rigid -Body Motions in the Plane 53
3.2 Rotations and Angular Velocities 58
3.3 Rigid -Body Motions and Twists 75
3.4 Wrenches 92
3.5 Summary 94
3.6 Software 96
3.7 Notes and References 97
3.8 Exercises 98

4 Forward Kinematics 116
4.1 Product of Exponentials Formula 119
4.2 The Universal Robot Description Format 129
4.3 Summary 134
4.4 Software 135
4.5 Notes and References 136
4.6 Exercises 136



Contents

Velocity Kinematics and Statics 146
5.1 Manipulator Jacobian 152
5.2 Statics of Open Chains 162
5.3 Singularity Analysis 163
5.4 Manipulability 168
5.5 Summary 171
5.6 Software 172
5.7 Notes and References 172
5.8 Exercises 173

Inverse Kinematics 187
6.1 Analytic Inverse Kinematics 189
6.2 Numerical Inverse Kinematics 193
6.3 Inverse Velocity Kinematics 199
6.4 A Note on Closed Loops 200
6.5 Summary 201
6.6 Software 201
6.7 Notes and References 202
6.8 Exercises 202

Kinematics of Closed Chains 209
7.1 Inverse and Forward Kinematics 210
7.2 Differential Kinematics 215
7.3 Singularities 219
7.4 Summary 223
7.5 Notes and References 224
7.6 Exercises 225

Dynamics of Open Chains 231
8.1 Lagrangian Formulation 232
8.2 Dynamics of a Single Rigid Body 241
8.3 Newton - Euler Inverse Dynamics 248
8.4 Dynamic Equations in Closed Form 252
8.5 Forward Dynamics of Open Chains 255
8.6 Dynamics in the Task Space 256
8.7 Constrained Dynamics 257
8.8 Robot Dynamics in the URDF 262
8.9 Actuation , Gearing , and Friction 262
8.10 Summary 272
8.11 Software 276
8.12 Notes and References 277
8.13 Exercises 278



Contents vii

Trajectory Generation 282
9.1 Definitions 282
9.2 Point -to -Point Trajectories 283
9.3 Polynomial Via Point Trajectories 289
9.4 Time -Optimal Time Scaling 291
9.5 Summary 299
9.6 Software 300
9.7 Notes and References 301
9.8 Exercises 302

Motion Planning 306
10.1 Overview of Motion Planning 306
10.2 Foundations 310
10.3 Complete Path Planners 319
10.4 Grid Methods 320
10.5 Sampling Methods 327
10.6 Virtual Potential Fields 333
10.7 Nonlinear Optimization 340
10.8 Smoothing 341
10.9 Summary 342
10.10 Notes and References 344
10.11 Exercises 345

Robot Control 349
11.1 Control System Overview 350
11.2 Error Dynamics 350
11.3 Motion Control with Velocity Inputs 358
11.4 Motion Control with Torque or Force Inputs 364
11.5 Force Control 376

11.6 Hybrid Motion - Force Control 378
11.7 Impedance Control 382
11.8 Low-Level Joint Force - Torque Control 385
11.9 Other Topics 387

11.10 Summary 389
11.11 Software 391
11.12 Notes and References 392
11.13 Exercises 393

Grasping and Manipulation 400
12.1 Contact Kinematics 401
12.2 Contact Forces and Friction 419

12.3 Manipulation 429

12.4 Summary 435
12.5 Notes and References 436
12.6 Exercises 437



viii Contents

13 Wheeled Mobile Robots 445
13.1 Types of Wheeled Mobile Robots 445
13.2 Omnidirectional Wheeled Mobile Robots 447
13.3 Nonholonomic Wheeled Mobile Robots 452
13.4 Odometry 473
13.5 Mobile Manipulation 475
13.6 Summary 478
13.7 Notes and References 480
13.8 Exercises 481

A Summary of Useful Formulas 490

B Other Representations of Rotations 493

C Denavit - Hartenberg Parameters 502

D Optimization and Lagrange Multipliers 512

Bibliography 519

Index 524


	Inhaltsverzeichnis
	[Seite 1]
	[Seite 2]
	[Seite 3]
	[Seite 4]


