Contents

1 Introduction 1
1.1 Context . . . . . . . 2
1.2 Objective . . . . . . . 5
1.3 Contributions . . . . . . . . ... 5
1.4 Thesis Outline . . . . . . . .. . ... 6

2 Literature Review 9
2.1 Human Activity Recognition . . . . . . ... .. ... .. ... .. 9

2.1.1 Categories of Activities . . . . . . . . . ... ... ... 10
2.1.2  Levels and Stages of HAR . . . .. .. ... ... ... ... 11
2.1.3 Representation Schema . . . . . .. ... ... ... ... .. 13
2.1.4 Reasoning Mechanism . . . .. .. .. ... .. ....... 14
2.1.5  Knowledge Representation & Reasoning for HAR . . . . . . 15
2.2 Qualitative Spatial Representation . . . . . . ... .. .. ... .. 16
2.2.1 Topology . . . . . . . 17
2.2.2 Direction . . . . . ... 18
223 Distance . . . . .. Lo Lo 18
2.2.4 Extended Objects . . . . . . . . .. .. 19
2.3 CORE9 and its variants . . . . . . .. ... ... ... ....... 20
2.3.1 Reasoning within CORE9 . . . .. .. ... ... ... ... 21
2.3.2 Variants of CORE9 . . . . . . ... ... ... ... ... 22
2.4 Qualitative Reasoning . . . . . .. .. .. ..o 24
2.4.1 Conceptual Neighbourhood Graph . . . . . ... ... ... 24
2.4.2 Subsumption Lattice . . . . . ... .. ... ... ... .. 25
2.5 Geometric Reasoning . . . . . . .. ... 0oL 27
2.5.1 Qualitative-Geometric Reasoning . . . . . . . . .. ... .. 27
2.6 Graph Representation . . . .. ... ... .. ... ... ..., 28
2.6.1 Graphs for HAR . . . .. ... ... ... ... ..., 30
2.6.2 Learning within Graphs . . . . . .. ... ... .. ... .. 31



2.7 Graph Classification using Kernels . . . . . .. .. ... ... ...
2.7.1 Temporal Graph Kernel . . . . ... ... ... .......
2.7.2 Graph Kernels for HAR . . . ... ... ... ... .....

2.8 Grammar based Recognition . . . . . . .. .. ...
2.8.1 Context Free Grammars and Parsing . . . . ... ... ...
2.8.2 Probabilistic Context Free Grammar . . . . .. .. ... ..
2.8.3 Graph Grammar . . . . . ... ... .. ... ... ...,
2.8.4 Graph Grammar Induction . . . . . . . . ... ... ...

2.9 Conclusion . . . . . . . . s,

Extracting Spatial Relations of Extended Objects

3.1 Imtroduction . . . . . . . . ...

3.2 Extended Objects . . . . . . . . .. ...
3.2.1 CORE9 and Desiderata for Extended CORE9 . . . . . . ..

3.3 Extended CORE9 . . . . . . .. ... . ... .. ... ... .....
3.3.1 Component Relations . . . . . .. ... ... ... ......
3.3.2 Whole-Relations . . .. ... ... ... ... ... ...,
3.3.3  An Illustrative Example . . . . . ... ... ... ... ...
3.3.4 Theoretical Analysis . . . . . ... ... ... ...

3.4 Experimental Evaluation . . . . . . ... .. ... ... .......
3.4.1 Experimental Setup . . . . . ... ... L
3.4.2 Experimental Results . . . . . . .. ... ... ...
3.4.3 Discussion . . . . ... Lo

3.5 Conclusion . . . . . . . .

Graph-based Representation and Classification of Activities

4.1 Introduction . . . . . . . ...
4.1.1 Desiderata for Temporal Activity Graphs . . . . . . . .. ..

4.2 Temporal Activity Graphs . . . . . . . . ... ... ...

4.3 Temporal Activity Graph Kernel . . . . .. ... ... ... ....
4.3.1 Label Sequence Similarity . . . . ... ... ... ... ...
4.3.2 Edge Label Similarity . . . . . . . . ... ... ..
4.3.3 Intrinsic Order of Components . . . . . . . . . . . ... ...
4.3.4 Theoretical Analysis . . . . .. ... ... ... .. ... ..
4.3.5 Ilustrative Example . . . . ... ... ... ... .. ...,

4.4  Experimental Evaluation . . . . . . ... ..o 000000

4.4.1 Experimental Setup . . . . . . .. ...

11



4.4.2 Experimental Results . . . . . . ... ... ... ... ..
4.4.3 Discussion . . . . .. .o

4.5 Conclusion . . . . . . . .

5 Grammar based Recognition of Human Activities
5.1 Introduction . . . . . . . . ...
5.2 Temporal Activity Graph Grammar . . . . . . . .. ... ... ...
5.3 TAG Grammar Induction . . . . .. ... ... ... ... ...
5.3.1 Merging Terminal Rules . . . . .. .. ... ... ... ...
5.3.2 Chunking Production Rules . . . . . ... ... ... ....
5.3.3 Merging Production Rules . . . . . ... .. ... ... ...
5.3.4 Theoretical Analysis . . . . . ... ... ... ... ... ..
5.3.5 Parsing . . ...
5.4 Experimental Evaluation . . . . ... ... ... 0L
5.4.1 Experimental Setup . . . . . .. .. ...
5.4.2 Experimental Results . . . . . ... ... ... ... .....
5.4.3 Discussion . . . . . . . ...

5.5 Conclusion . . . . . . . .,

6 Conclusion and Future Work
6.1 Extended CORE9 . . . .. .. ... .. ... ... .. ........
6.2 Temporal Activity Graph . . . . . . . . . .. .. .. ... ... ..
6.3 Temporal Activity Graph Kernel . . . . . .. ... ... .. ....
6.4 Temporal Activity Graph Grammar . . . . . . . .. ... ... ...

A Transformation to Extended CORE9

B Transformation to TAG

C Experimentation Details

111

107
107
110
113
116

119

123

127



v



	06_contents

