
Contents 

1 Introduction 1 
1.1 A Single Trajectory 2 
1.2 Multiple Trajectories of a Single Object 8 
1.3 Simultaneous Movements of Many Objects 21 
1.4 What Should Have Been Achieved by These Examples 28 
1.5 Visual Analytics 29 
1.6 Structure of The Book 31 
References 31 

2 Conceptual Framework 33 
2.1 Foundations 33 
2.2 Fundamental Sets: Space, Time, and Objects 35 

2.2.1 Space 35 
2.2.2 Time 36 
2.2.3 Objects 37 

2.3 Characteristics of Objects, Locations, and Times 38 
2.4 Basic Types of Spatio-temporal Data 41 
2.5 Event-Based View of Movement 43 
2.6 Multi-Perspective View of Movement 45 
2.7 Spatio-temporal Context 47 
2.8 Relations 49 

2.8.1 Relations of Objects 49 
2.8.2 Relations of Locations and Times 53 

2.9 Movement Data and Context Data 55 
2.9.1 Forms and Sources of Movement Data 55 
2.9.2 Properties of Movement Data 56 
2.9.3 Context Data 59 

2.10 Example Data Sets Used in the Book 59 
2.10.1 Personal Driving 59 
2.10.2 Cars in Milan 60 
2.10.3 Vessels in the North Sea 60 
2.10.4 Public Transport in Helsinki 61 

http://d-nb.info/1032427280

http://d-nb.info/1032427280


xvj Contents 

2.10.5 A Group Walk of Workshop Participants 61 
2.10.6 Trajectories of Flickr and Twitter Users 62 
2.10.7 VAST Challenge 2011 63 
2.10.8 Tracks of Wild Animals in a National Park 63 
2.10.9 Movements of Laboratory Mice 64 
2.10.10 Movements of Visitors of Car Races 65 

2.11 Types of Movement Behaviours 66 
2.12 Types of Movement Analysis Tasks 68 
2.13 Recap 70 
References 71 

3 Transformations of Movement Data 73 
3.1 Interpolation and Re-sampling 73 
3.2 Division of Movement Tracks and Trajectories 74 
3.3 Transformations of Temporal and Spatial References 75 
3.4 Derivation of New Thematic Attributes 79 
3.5 Extraction of Spatial Events 82 

3.5.1 Extraction of Movement Events from Trajectories 82 
3.5.2 Detection of Stop Events 84 
3.5.3 Extraction of Spatial Events from Other Data Types 86 

3.6 Spatial and Temporal Generalization 86 
3.7 Trajectory Abstraction (Simplification) 88 
3.8 Spatio-Temporal Aggregation 90 
3.9 Transformations Between Data Types 97 
3.10 Recap 98 
References 100 

4 Visual Analytics Infrastructure 103 
4.1 Interactive Visualizations 103 
4.2 Interactive Filtering 113 

4.2.1 Spatial, Temporal, and Attribute Filtering 114 
4.2.2 Filtering of Object Classes and Individual Objects 117 
4.2.3 Filtering of Trajectory Segments 118 
4.2.4 Filtering of Related Object Sets 121 

4.3 Dynamic Aggregation 124 
4.4 Recap 126 
References 128 

5 Visual Analytics Focusing on Movers 131 
5.1 Characteristics 132 

5.1.1 Spatial Summarization of Trajectories 133 
5.1.2 Clustering of Trajectories 141 
5.1.3 Visualization of Positional Attributes 165 
5.1.4 Analysis of Multiple Positional Attributes 170 



Contents xvii 

5.2 Relations 172 
5.2.1 Encounters Between Moving Objects 173 
5.2.2 Relations in a Group of Movers 180 
5.2.3 Relations of Movers to the Environment 194 

5.3 Recap 202 
References 206 

6 Visual Analytics Focusing on Spatial Events 209 
6.1 Extraction of Composite Spatial Events by Clustering 211 

6.1.1 A Distance Function for Spatial Events 212 
6.1.2 Selection of Thresholds 213 
6.1.3 Scalable Clustering of Events 214 
6.1.4 An Example of Scalable Clustering of Spatial Events 218 

6.2 Characteristics 221 
6.2.1 Growth Ring Maps 223 
6.2.2 Flower Diagrams 229 
6.2.3 Textual Characteristics of Composite Events 232 

6.3 Relations 239 
6.3.1 Spatio-Temporal Relations Between Events 239 
6.3.2 Relations Between Events, Trajectories, and Context 240 

6.4 Recap 249 
References 250 

7 Visual Analytics Focusing on Space 253 
7.1 Obtaining Places of Interest from Movement Data 254 

7.1.1 Space Tessellation 255 
7.1.2 Grouping of Close Locations 257 
7.1.3 Event-Based Place Extraction 258 
7.1.4 Extraction of Personal Places 259 

7.2 Characteristics 261 
7.2.1 Visualization of Time Series 261 
7.2.2 Transformations of Time Series 263 
7.2.3 Clustering of Time Series 266 
7.2.4 Time Series Modelling 269 
7.2.5 Event Extraction from Time Series 274 
7.2.6 Interpretation of Personal Places 279 

7.3 Relations 283 
7.3.1 Analysis of Binary Links Between Places 283 
7.3.2 Relations Between Link Attributes 287 
7.3.3 Relations Between Several Places 291 
7.3.4 Discovery of Frequent Sequences 296 

7.4 Recap 302 
References 304 



X V I I I  Contents 

8 Visual Analytics Focusing on Time 307 
8.1 Characteristics 308 

8.1.1 Clustering of Times by Similarity of Spatial Situations 309 
8.1.2 Event Extraction from Spatial Situations 319 

8.2 Relations 325 
8.3 Recap 332 
References 333 

9 Discussion and Outlook 335 
9.1 Multi-Perspective View of Movement and Task Typology 335 
9.2 Properties of Movement Data 338 

9.2.1 Temporal Properties 339 
9.2.2 Spatial Properties 343 
9.2.3 Mover Set and Mover Identity Properties 344 
9.2.4 Data Collection Properties 347 

9.3 General Procedures of Movement Analysis 352 
9.4 Movement in Context 354 

9.4.1 Visual Tools for Observation of Relations 355 
9.4.2 Computational Enhancement to Observation 

of Relations 357 
9.4.3 Extraction of Relation Occurrences 360 
9.4.4 Support of Analytical Reasoning 361 

9.5 Movement Behaviours 361 
9.6 Personal Privacy 367 
9.7 Future Perspectives 369 
9.8 Suggested Exercises 373 
9.9 Conclusion 374 
References 375 

Glossary 377 

Index 385 


