
Contents

Part I Autonomous Intelligent Vehicles

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.1 Research Motivation and Purpose . . . . . . . . . . . . . . . . . . 3
1.2 The Key Technologies of Intelligent Vehicles . . . . . . . . . . . . 5

1.2.1 Multi-sensor Fusion Based Environment Perception and
Modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

1.2.2 Vehicle Localization and Map Building . . . . . . . . . . . 7
1.2.3 Path Planning and Decision-Making . . . . . . . . . . . . 8
1.2.4 Low-Level Motion Control . . . . . . . . . . . . . . . . . 9

1.3 The Organization of This Book . . . . . . . . . . . . . . . . . . . 9
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

2 The State-of-the-Art in the USA . . . . . . . . . . . . . . . . . . . . . 13
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.2 Carnegie Mellon University—Boss . . . . . . . . . . . . . . . . . 13
2.3 Stanford University—Junior . . . . . . . . . . . . . . . . . . . . . 15
2.4 Virginia Polytechnic Institute and State University—Odin . . . . . 16
2.5 Massachusetts Institute of Technology—Talos . . . . . . . . . . . 17
2.6 Cornell University—Skynet . . . . . . . . . . . . . . . . . . . . . 18
2.7 University of Pennsylvania and Lehigh University—Little Ben . . 19
2.8 Oshkosh Truck Corporation—TerraMax . . . . . . . . . . . . . . 20

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

3 The Framework of Intelligent Vehicles . . . . . . . . . . . . . . . . . 23
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
3.2 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
3.3 Interactive Safety Analysis Framework . . . . . . . . . . . . . . . 25

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

vii



viii Contents

Part II Environment Perception and Modeling

4 Road Detection and Tracking . . . . . . . . . . . . . . . . . . . . . . 33
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
4.2 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

4.2.1 Model-Based Approaches . . . . . . . . . . . . . . . . . . 35
4.2.2 Multi-cue Fusion Based Approach . . . . . . . . . . . . . 35
4.2.3 Hypothesis-Validation Based Approaches . . . . . . . . . . 36
4.2.4 Neural Network Based Approaches . . . . . . . . . . . . . 36
4.2.5 Stereo-Based Approaches . . . . . . . . . . . . . . . . . . 36
4.2.6 Temporal Correlation Based Approaches . . . . . . . . . . 37
4.2.7 Image Filtering Based Approaches . . . . . . . . . . . . . 37

4.3 Lane Detection Using Adaptive Random Hough Transform . . . . 37
4.3.1 The Lane Shape Model . . . . . . . . . . . . . . . . . . . 37
4.3.2 The Adaptive Random Hough Transform . . . . . . . . . . 38
4.3.3 Experimental Results . . . . . . . . . . . . . . . . . . . . 41

4.4 Lane Tracking . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
4.4.1 Particle Filtering . . . . . . . . . . . . . . . . . . . . . . . 43
4.4.2 Lane Model . . . . . . . . . . . . . . . . . . . . . . . . . 45
4.4.3 Dynamic System Model . . . . . . . . . . . . . . . . . . . 46
4.4.4 The Imaging Model . . . . . . . . . . . . . . . . . . . . . 46
4.4.5 The Algorithm Implementation . . . . . . . . . . . . . . . 48

4.5 Road Recognition Using a Mean Shift algorithm . . . . . . . . . . 51
4.5.1 The Basic Mean Shift Algorithm . . . . . . . . . . . . . . 52
4.5.2 Various Applications of the Mean Shift Algorithm . . . . . 54
4.5.3 The Road Recognition Algorithm . . . . . . . . . . . . . . 55
4.5.4 Experimental Results and Analysis . . . . . . . . . . . . . 56
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

5 Vehicle Detection and Tracking . . . . . . . . . . . . . . . . . . . . . 61
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
5.2 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
5.3 Generating Candidate ROIs . . . . . . . . . . . . . . . . . . . . . 63
5.4 Multi-resolution Vehicle Hypothesis . . . . . . . . . . . . . . . . 65
5.5 Vehicle Validation using Gabor Features and SVM . . . . . . . . . 67

5.5.1 Vehicle Representation . . . . . . . . . . . . . . . . . . . 67
5.5.2 SVM Classifier . . . . . . . . . . . . . . . . . . . . . . . . 68

5.6 Boosted Gabor Features . . . . . . . . . . . . . . . . . . . . . . . 71
5.6.1 Boosted Gabor Features Using AdaBoost . . . . . . . . . . 72
5.6.2 Experimental Results and Analysis . . . . . . . . . . . . . 74
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

6 Multiple-Sensor Based Multiple-Object Tracking . . . . . . . . . . . 81
6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
6.2 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
6.3 Obstacles Stationary or Moving Judgement Using Lidar Data . . . 82
6.4 Multi-obstacle Tracking and Situation Assessment . . . . . . . . . 84



Contents ix

6.4.1 Multi-obstacle Tracking Based on EKF Using a Single
Sensor . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84

6.4.2 Lidar and Radar Track Fusion . . . . . . . . . . . . . . . . 90
6.5 Conclusion and Future Work . . . . . . . . . . . . . . . . . . . . 92

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94

Part III Vehicle Localization and Navigation

7 An Integrated DGPS/IMU Positioning Approach . . . . . . . . . . . 99
7.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
7.2 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
7.3 An Integrated DGPS/IMU Positioning Approach . . . . . . . . . . 101

7.3.1 The System Equation . . . . . . . . . . . . . . . . . . . . 101
7.3.2 The Measurement Equation . . . . . . . . . . . . . . . . . 104
7.3.3 Data Fusion Using EKF . . . . . . . . . . . . . . . . . . . 105
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106

8 Vehicle Navigation Using Global Views . . . . . . . . . . . . . . . . . 109
8.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
8.2 The Problem and Proposed Approach . . . . . . . . . . . . . . . . 110
8.3 The Panoramic Imaging Model . . . . . . . . . . . . . . . . . . . 112
8.4 The Panoramic Inverse Perspective Mapping (pIPM) . . . . . . . . 114

8.4.1 The Mapping Relationship Between Each Image and a
Panoramic Image . . . . . . . . . . . . . . . . . . . . . . 114

8.4.2 The Panoramic Inverse Perspective Mapping . . . . . . . . 115
8.5 The Implementation of the pIPM . . . . . . . . . . . . . . . . . . 116

8.5.1 The Field of View of N Cameras in the Vehicle Coordinate
System . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116

8.5.2 Calculation of Each Interest Point’s View Angle in the
Vehicle Coordinate System . . . . . . . . . . . . . . . . . 116

8.5.3 The Mapping Relationship Between a 3D On-road Point
and a Panoramic Image . . . . . . . . . . . . . . . . . . . 117

8.5.4 Image Interpolation in the Vehicle Coordinate System . . . 117
8.6 The Elimination of Wide-Angle Lens’ Radial Error . . . . . . . . 118
8.7 Combining Panoramic Images with Electronic Maps . . . . . . . . 119

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120

Part IV Advanced Vehicle Motion Control

9 The Lateral Motion Control for Intelligent Vehicles . . . . . . . . . . 125
9.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125
9.2 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125
9.3 The Mixed Lateral Control Strategy . . . . . . . . . . . . . . . . . 126

9.3.1 Linear Roads . . . . . . . . . . . . . . . . . . . . . . . . . 127
9.3.2 Curvilinear Roads . . . . . . . . . . . . . . . . . . . . . . 128
9.3.3 Calculating the Radius of an Arc . . . . . . . . . . . . . . 131
9.3.4 The Algorithm Flow . . . . . . . . . . . . . . . . . . . . . 132



x Contents

9.4 The Relationship Between Motor Pulses and the Front Wheel
Lean Angle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 136

10 Longitudinal Motion Control for Intelligent Vehicles . . . . . . . . . 139
10.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139
10.2 System Identification in Vehicle Longitudinal Control . . . . . . . 140

10.2.1 The First-Order Systems . . . . . . . . . . . . . . . . . . . 140
10.2.2 First-Order Lag Systems . . . . . . . . . . . . . . . . . . . 142
10.2.3 Identification of Our Vehicle System . . . . . . . . . . . . 143

10.3 The Proposed Velocity Controller . . . . . . . . . . . . . . . . . . 145
10.3.1 Validating the Longitudinal Control System Function . . . 145
10.3.2 Velocity Controller Design . . . . . . . . . . . . . . . . . 146

10.4 Experimental Results and Analysis . . . . . . . . . . . . . . . . . 148
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151



http://www.springer.com/978-1-4471-2279-1




