Cambridge University Press & Assessment
978-1-009-29989-3 — State Estimation for Robotics
Timothy D. Barfoot

Table of Contents

More Information

Contents

Preface for the First Edition
Preface for the Second Edition
Acronyms and Abbreviations

Notation
1 Introduction
1.1 A Little History
1.2 Sensors, Measurements and Problem Definition
1.3 How This Book Is Organized
1.4  Relationship to Other Books
Part1 Estimation Machinery
2 Primer on Probability Theory
2.1  Probability Density Functions
2.2 Gaussian Probability Density Functions
2.3 Gaussian Processes
24  Summary
2.5  Exercises
3 Linear-Gaussian Estimation
3.1 Batch Discrete-Time Estimation
3.2 Recursive Discrete-Time Smoothing
3.3 Recursive Discrete-Time Filtering
3.4  Batch Continuous-Time Estimation
3.5 Recursive Continuous-Time Smoothing and Filtering
3.6  Summary
3.7 Exercises
4 Nonlinear Non-Gaussian Estimation
4.1 Introduction
4.2  Recursive Discrete-Time Estimation
4.3  Batch Discrete-Time Estimation
4.4  Batch Continuous-Time Estimation
4.5 Summary
4.6 Exercises

X
X1
xiii
XV

WD AW = =

16
35
36
36

40
40
53
62
76
90
91
91

97

97
101
130
148
152
153

© in this web service Cambridge University Press & Assessment

www.cambridge.org



www.cambridge.org/9781009299893
www.cambridge.org

Cambridge University Press & Assessment
978-1-009-29989-3 — State Estimation for Robotics

Timothy D. Barfoot
Table of Contents
More Information

vi

5.1
52
53
54
5.5
5.6
5.7

6.1
6.2
6.3
6.4
6.5
6.6

7.1
7.2
7.3
7.4
7.5
7.6

8.1
8.2
8.3
8.4
8.5
8.6

9.1
9.2
9.3
94

Handling Nonidealities in Estimation
Estimator Performance

Bias Estimation

Data Association

Handling Outliers

Covariance Estimation

Summary

Exercises

Variational Inference
Introduction

Gaussian Variational Inference
Exact Sparsity

Extensions

Linear Systems

Nonlinear Systems

Part Il Three-Dimensional Machinery

Primer on Three-Dimensional Geometry

Vectors and Reference Frames
Rotations

Poses

Sensor Models

Summary

Exercises

Matrix Lie Groups

Geometry

Kinematics

Probability and Statistics

Symmetry, Invariance, and Equivariance
Summary

Exercises

Part IIl Applications

Pose Estimation Problems
Point-Cloud Alignment
Point-Cloud Tracking
Pose-Graph Relaxation
Inertial Navigation

Contents

157
157
163
169
171
175
180
181

182
182
183
189
201
206
210

217
217
220
235
241
252
253

256
256
300
312
338
341
341

347
347
367
378
385

© in this web service Cambridge University Press & Assessment

www.cambridge.org



www.cambridge.org/9781009299893
www.cambridge.org

Cambridge University Press & Assessment
978-1-009-29989-3 — State Estimation for Robotics
Timothy D. Barfoot

Table of Contents

More Information

Contents

10  Pose-and-Point Estimation Problems
10.1 Bundle Adjustment
10.2  Simultaneous Localization and Mapping

11 Continuous-Time Estimation

11.1 Motion Prior

11.2  Simultaneous Trajectory Estimation and Mapping
11.3 Interpolation and Extrapolation

11.4 Discussion

Part IV  Appendices

Appendix A Matrix Primer
A.1 Matrix Algebra
A.2  Matrix Calculus

Appendix B Rotation and Pose Extras
B.1  Lie Group Tools

B.2  Kinematics

B.3  Decompositions

Appendix C Miscellaneous Extras

C.1 Fisher Information Matrix for a Multivariate Gaussian

C.2 Derivation of Stein’s Lemma
C.3  Temporally Discretizing Motion Models
C.4 Invariant EKF

Appendix D Solutions to Exercises

D.1  Chapter 2 Primer on Probability Theory

D.2  Chapter 3 Linear-Gaussian Estimation

D.3  Chapter 4 Nonlinear Non-Gaussian Estimation
D.4  Chapter 5 Handling Nonidealities in Estimation

D.5 Chapter 7 Primer on Three-Dimensional Geometry

D.6  Chapter 8 Matrix Lie Groups

References
Index

vii

401
401
414

418
418
423
427
432

435
435
454

458
458
458
460

471
471
476
478
480

484
484
487
490
492
493
495

501
509

© in this web service Cambridge University Press & Assessment

www.cambridge.org



www.cambridge.org/9781009299893
www.cambridge.org

