Contents

Acknowledgements 5
1 Introduction _ 1
1.1 Background and Recent Research . . . . . . . ... .. .. ... .. 1
1.1.1 SLAM . . . . e e e e e e 1

1.2 Applications and Futuretrends . . . ... . ... .......... 2

1.3 Motivation and Objective . . . ... .. ... ... ... ...... 3
1.4 Organisationof Thesis . . . . . ... ... ... ... ........ 4

2 Literature Survey , 5
2.1 Probabilistic SLAM . . . ... ... .. ... e 5
2.2 Graphbased SLAM . .. ... ... ... ... uiienn.. 5
23 MonoSLAM . . . . . . . . e e e e e e e 6
24 Imagematching. ... .......... ... .. .. ..... 6
2.4.1 ASIFT: Affine Scale Invariant Feature Transform . . . . . . 7

3 Architecture 8
3.1 Process Architecture . . . . .. ... .. ... ..., ... . ..., 8

4 Algorithms and Proof of Correctness . 12
4.1 Problem Formulation . . . . .. ... .. ... ... ......... 12
4.1.1 Translation to Computational Geometry . . . . . . ... .. 12

412 Problem Statement . . . . .. ... ... ... ... 12

4.2 Working technology and Proposed Solution . .. ... ....... 13
421 TFrame Extraction. ... ... ..... ... ... ..... 13

4.2.2 Triangulation:. . . . ... ... . ... ... 0. 13

4.3 Algorithm: Geometry SLAM . . ... ................ 14
4.4 Proof of Correctness of Algorithm . .. ............... 15
4.5 Extension of Algorithm to other Rectilinear Polygons . ... ... 19
4.6 Performance Analysis . . ... ... ........ ... . ... 27
4.7 Approach to map any rectilinear figure . . . . . .. ... ... ... 31



5 Proof of Concept Implementation
5.1 Computational Specifications . . . . ... ... .. .........
5.1.1 Hardware Specifications . . . . . ... ... ... ......
5.1.2 Software Specifications . . . . . ... ... .. .. ......
5.2 Experimental Set up of the Rectilinear Region ... ... .. ...
5.2.1 Camera specifications . .. ... .. ... ... .......
53 Experimental Results. . .. ... ... ... ... ..........

6 Conclusion and
6.1 Conclusion
6.2 Future Work

Appendix
Appendix

References

Future work

...............................

33
33
33
34
34
34

34

39
39
39

39
52

57



List of Figures

3.1 Examples of rectilinear polygons . . . . .. ... .. ... ..... 8

3.2 Process Architecture . . . . .. ... . ... ... ... . ... 9

3.3 Flow chart depicting the working behind building maps using a
single camera . . . . . . . . ittt e e e e e e e e e e e 11

4.1 Fig. showing camera positions inside rectangular area to find the

COTTETS .+ « v+ v o e et e e e et e e e e e e e i e e e 13
4.2 Depth measurement using triangulation . . ... .. ... ..... 14
4.3 TFig. showing minimum vector ;7 - - . . . . ... ... .. 15
4.4 TFig. showing maximum magnitude of vector 72 . . . . . . ... .. 16
4.5 Fig. showing that the diagonal of R is the vector of maximum

magnitude. . . . . ... L e . 17
4.6 Fig. showing the set C consisting of four corners {X7, X2, X3, X4}

Of R . i e e e e 18
4.7 Finding a point of discrepancy in an L-Shaped polygon . ... .. 20
4.8 Determining 5 corners of the L-Shaped Polygon . . . . . . ... .. 21
4.9 Finding a point of discrepancy in a T-Shaped polygon .. .. . .. 22
4.10 Determining 6 corners of the L-Shaped Polygon . . . . . ... ... 23
4.11 Finding two points of discrepancy in a T-Shaped polygon . . . . . 24
4.12 Finding two points of discrepancy in a Cross-Shaped polygon . .. 25
4.13 Determining 8 corners of the Cross-Shaped Polygon .. ... ... 27
4.14 Fig. Combination of two rectangles . . . . . ... ... ... .. .. 28
4.15 Fig. Combination of two L shapes . .. ... ... ......... 28
4.16 Fig. Combination of two T'shapes . . ... ... .......... 29
4.17 Fig. Combination of two crossshapes . . ... ........... 30
4.18 Fig. Worst case scenario in cross shape with back tracking . . . . . 30
5.1 Frame extracted from position ¥ . . . . .. .. ... L. - 35
5.2 Frame extracted from position2 . .................. 35
53 ASIFT keypointsmatched . . . . . ... ... ............ 35
5.4 Frame extracted from position 2 . . . ... ... .. ... .. ... 36
5.5 Maximum ASIFT keypoints matched . . . . . ... ......... 36
5.6 Frame extracted from position2 . ... ... .. ... ....... 36

5.7 ASIFT keypointsmatched . . . . . .. . ... ... .. ....... 37

iii



5.8

6.1
6.2
6.3
6.4
6.5
6.6
6.7

Graph showing four local maxima . . . .. ... ... ... ... 38

Fromlstposition . . . . .. .. ... .. .. ..., 44
From 2nd position . . . . . .. ... .. ... ... . 45
Depth calculation from P .. . ... ... ... ........ .. 45
From Ist position . . . . . . . .. ... ... ... ..., e e 47
From Istposition . . . . . . .. ... .. ... ... ... 49
From 2nd position .. ... .. e e e e e e e e e e e e e e e 49
Depth calculation from P . . . ... ... ... ... ....... 50

v



