Contents

1 Modeling Omnidirectional Vision Systems . .................
1.1 Introduction . .......... .. ...t
1.2 Sphere Camera Model . ... ..... ... ... .. ... ... ....

1.2.1 Projections of Lines . .......... ... ... ... ......
1.2.2 Relation Between the Real Catadioptric System
and the Sphere Camera Model . .. ................
1.3 Lifted Coordinates and Matrices . . ... ..................
1.3.1 Lifted Coordinates and Matrices Using
the I'Operator . . . .. ...t
1.3.2 Lifted Coordinates and Matrices Using Symmetric
Matrix Equations . ........... .. .. .. .. .. .. ...,
1.4 Generic Projection to Build a Metric for a Riemannian
Manifold ... ... ... .
1.4.1 Paracatadioptric System: An Example. .. ...........

2 Calibration of Omnidirectional Cameras Using
a DLT-Like Approach . . .. ...... .. ... ... ... ... ........
2.1 Introduction . ........ ... .. . ...
2.2 Generic Projection Matrix Peyg. o oo o coo oo
2.2.1 Computation of the Generic Projection Matrix . . . .. ...
2.3 Generic Projection Matrix and Calibration . .. .............
2.3.1 Other Parameters of Nonlinear Calibration. . .........
2.3.2  Algorithm to Compute Py o o o o oo oo oo
2.4  Theoretical and Practical Issues. . . ... ..................
2.4.1 Three Planes are Needed to Compute Py,
Using Linear Equations . . .. ....................
2.4.2 Adding Constraints to Estimate the Projection Matrix
from Points on Two Planes Only . ................

N B = =

Neolio)

10

11
12

15
15
16
17
18
20
21
21

22

22

ix


http://dx.doi.org/10.1007/978-1-4471-4947-7_1
http://dx.doi.org/10.1007/978-1-4471-4947-7_1
http://dx.doi.org/10.1007/978-1-4471-4947-7_1#Sec1
http://dx.doi.org/10.1007/978-1-4471-4947-7_1#Sec1
http://dx.doi.org/10.1007/978-1-4471-4947-7_1#Sec2
http://dx.doi.org/10.1007/978-1-4471-4947-7_1#Sec2
http://dx.doi.org/10.1007/978-1-4471-4947-7_1#Sec3
http://dx.doi.org/10.1007/978-1-4471-4947-7_1#Sec3
http://dx.doi.org/10.1007/978-1-4471-4947-7_1#Sec4
http://dx.doi.org/10.1007/978-1-4471-4947-7_1#Sec4
http://dx.doi.org/10.1007/978-1-4471-4947-7_1#Sec4
http://dx.doi.org/10.1007/978-1-4471-4947-7_1#Sec7
http://dx.doi.org/10.1007/978-1-4471-4947-7_1#Sec7
http://dx.doi.org/10.1007/978-1-4471-4947-7_1#Sec8
http://dx.doi.org/10.1007/978-1-4471-4947-7_1#Sec8
http://dx.doi.org/10.1007/978-1-4471-4947-7_1#Sec8
http://dx.doi.org/10.1007/978-1-4471-4947-7_1#Sec8
http://dx.doi.org/10.1007/978-1-4471-4947-7_1#Sec9
http://dx.doi.org/10.1007/978-1-4471-4947-7_1#Sec9
http://dx.doi.org/10.1007/978-1-4471-4947-7_1#Sec9
http://dx.doi.org/10.1007/978-1-4471-4947-7_1#Sec10
http://dx.doi.org/10.1007/978-1-4471-4947-7_1#Sec10
http://dx.doi.org/10.1007/978-1-4471-4947-7_1#Sec10
http://dx.doi.org/10.1007/978-1-4471-4947-7_1#Sec11
http://dx.doi.org/10.1007/978-1-4471-4947-7_1#Sec11
http://dx.doi.org/10.1007/978-1-4471-4947-7_2
http://dx.doi.org/10.1007/978-1-4471-4947-7_2
http://dx.doi.org/10.1007/978-1-4471-4947-7_2
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec1
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec1
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec2
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec2
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec3
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec3
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec4
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec4
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec5
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec5
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec6
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec6
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec7
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec7
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec8
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec8
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec8
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec8
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec9
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec9
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec9

Contents

2.5 Calibration Experiments with a Simulated Environment. . . . . ..

25.1
252

Estimation Errors for Different Camera Types . . . ... ..
Tilting and Distortion . . .......................

2.6 Experiments with Real Images Using a 3D Pattern . . .. ......

2.6.1 Intrinsic Parameters. . .. .. ... ..................
2.6.2 Extrinsic Parameters . .. .......... ... ... .......
2.6.3 Structure from Motion. . .. ...... ... . ... ...,
277 ClOSUIE. . . ottt e

Comparison of Calibration Methods for Omnidirectional

Cameras

3.1 Introduction . ............. ...
3.2 Classification of Calibration Methods

for Omnidirectional Cameras . ........................
3.3 Calibration Methods Analyzed . .......................

3.3.1
332
333
334

Sphere-2D Pattern Approach . . ....... ... ... ... ...
Sphere-Lines Approach . .. .....................
DLT-Like Approach . . ........ ... .. .. .. ... ...
Distortion-2DPattern Approach. . .. ...............

34 EXPeriments . . ... ... ...t

3.4.1
342
3.4.3
344
345

Evaluation Criteria . . .........................
Hypercatadioptric System. . . . ...................
Fish-Eye Lens .. ........ ... .. . . ...
Unknown-Shape Catadioptric System . .............
NonCentral Hypercatadioptric System . . . ... ........

3.4.6 Distribution of the Calibration Points
in the Catadioptric Image. . .. ...................
3477 DISCUSSION . . v\t ittt e
3.5 Closure. . ..o e

Two-View Relations Between Omnidirectional

and Conventional Cameras. . .. ..........................
4.1 Introduction . ........... ... ..
42 Related Work . . ... ... ... .
4.3 Hybrid Two-View Relations of Uncalibrated Images . . . ... ...

4.3.1
432

Hybrid Fundamental Matrices. . ... ...............
Hybrid Homography . . ......... ... ... ... .....

4.4 Evaluation of the Hybrid Two-View Models. . . ............

441
442

Simulated Data. . . ........... ... ... ... ......
Experiments with Real Images . . .. ...............

4.5 Automatic Matching Using Hybrid Two-View Relations . . . . ..

4.5.1
452

Hybrid Fundamental Matrix . .. ..................
Hybrid Homography . .. ........... ... ... .....

4.6 ClOSUIE. . . ottt e e e e e

24
25
28
28
29
30
31
32

33
33

37
39
39
39
40
41
42
43
47
49
52
53

56
62
64

65
65
66
68
68
72
74
74
79
81
83
85
86


http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec10
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec10
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec11
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec11
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec15
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec15
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec16
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec16
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec17
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec17
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec18
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec18
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec19
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec19
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec20
http://dx.doi.org/10.1007/978-1-4471-4947-7_2#Sec20
http://dx.doi.org/10.1007/978-1-4471-4947-7_3
http://dx.doi.org/10.1007/978-1-4471-4947-7_3
http://dx.doi.org/10.1007/978-1-4471-4947-7_3
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec1
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec1
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec2
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec2
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec2
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec3
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec3
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec4
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec4
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec5
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec5
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec6
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec6
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec7
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec7
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec8
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec8
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec9
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec9
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec10
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec10
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec12
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec12
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec13
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec13
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec14
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec14
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec15
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec15
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec15
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec19
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec19
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec20
http://dx.doi.org/10.1007/978-1-4471-4947-7_3#Sec20
http://dx.doi.org/10.1007/978-1-4471-4947-7_4
http://dx.doi.org/10.1007/978-1-4471-4947-7_4
http://dx.doi.org/10.1007/978-1-4471-4947-7_4
http://dx.doi.org/10.1007/978-1-4471-4947-7_4#Sec1
http://dx.doi.org/10.1007/978-1-4471-4947-7_4#Sec1
http://dx.doi.org/10.1007/978-1-4471-4947-7_4#Sec2
http://dx.doi.org/10.1007/978-1-4471-4947-7_4#Sec2
http://dx.doi.org/10.1007/978-1-4471-4947-7_4#Sec3
http://dx.doi.org/10.1007/978-1-4471-4947-7_4#Sec3
http://dx.doi.org/10.1007/978-1-4471-4947-7_4#Sec4
http://dx.doi.org/10.1007/978-1-4471-4947-7_4#Sec4
http://dx.doi.org/10.1007/978-1-4471-4947-7_4#Sec10
http://dx.doi.org/10.1007/978-1-4471-4947-7_4#Sec10
http://dx.doi.org/10.1007/978-1-4471-4947-7_4#Sec13
http://dx.doi.org/10.1007/978-1-4471-4947-7_4#Sec13
http://dx.doi.org/10.1007/978-1-4471-4947-7_4#Sec14
http://dx.doi.org/10.1007/978-1-4471-4947-7_4#Sec14
http://dx.doi.org/10.1007/978-1-4471-4947-7_4#Sec17
http://dx.doi.org/10.1007/978-1-4471-4947-7_4#Sec17
http://dx.doi.org/10.1007/978-1-4471-4947-7_4#Sec20
http://dx.doi.org/10.1007/978-1-4471-4947-7_4#Sec20
http://dx.doi.org/10.1007/978-1-4471-4947-7_4#Sec21
http://dx.doi.org/10.1007/978-1-4471-4947-7_4#Sec21
http://dx.doi.org/10.1007/978-1-4471-4947-7_4#Sec22
http://dx.doi.org/10.1007/978-1-4471-4947-7_4#Sec22
http://dx.doi.org/10.1007/978-1-4471-4947-7_4#Sec23
http://dx.doi.org/10.1007/978-1-4471-4947-7_4#Sec23

Contents

5 Generic Scale-Space for a Camera Invariant

Feature Extractor . ............ .. ... ... ... ... ... ......
5.1 Introduction . ........... ... ...
5.2 Scale-Space for Central Projection Systems . ..............
5.2.1 Differential Operators on Riemannian Manifolds . . .. ..
5.2.2 Computing a Generic Metric on the Sphere . . ... .....
5.2.3 Computing the Generic Metric on the Normalized
Plane. . .. .. ... .
5.24 Generic Laplace-Beltrami Operator. . . . ... .........
5.2.5 Smoothing Catadioptric Images Using the Generic
Laplace-Beltrami Operator. . . . .. ................
5.3 EXpPeriments . . .. .. ...ttt
5.3.1 Smoothing of Synthetic Images ..................
5.3.2  Scale-Space on Real Catadioptric Images. . . .........
5.3.3 Repeatability Experiment. . ... ........ ... ... ....
54 Closure. . . ..ot

6 Orientation of a Hand-Held Catadioptric System

in Man-Made Environments. . . ... ..... ... ... ............

6.1 Introduction . ............. ... .. ...

6.2 Catadioptric Image Lines (CIL) Computing . . .............
6.2.1 Catadioptric Image Lines Extraction . .. ............

6.2.2 Distance from a Pointtoa Conic . ................

6.3 Intersectionof Two CILs . ... .......... ... .. ... ......
6.4 Vanishing Points . . . ........ ... ... .. .. ... .. ...

6.5 Image Rectification . ... ......... ... .. .. .. ... .. ...,
6.6 EXperiments . ... .. ... ...ttt

6.7 ClOSUIE. . . . o ottt e e

7 Conclusions . . ... ....... ... ... ...
References . ... ... ... ... .. . . . .. . ...

xi

&7
87
88
89
89

91
92


http://dx.doi.org/10.1007/978-1-4471-4947-7_5
http://dx.doi.org/10.1007/978-1-4471-4947-7_5
http://dx.doi.org/10.1007/978-1-4471-4947-7_5
http://dx.doi.org/10.1007/978-1-4471-4947-7_5#Sec1
http://dx.doi.org/10.1007/978-1-4471-4947-7_5#Sec1
http://dx.doi.org/10.1007/978-1-4471-4947-7_5#Sec2
http://dx.doi.org/10.1007/978-1-4471-4947-7_5#Sec2
http://dx.doi.org/10.1007/978-1-4471-4947-7_5#Sec3
http://dx.doi.org/10.1007/978-1-4471-4947-7_5#Sec3
http://dx.doi.org/10.1007/978-1-4471-4947-7_5#Sec4
http://dx.doi.org/10.1007/978-1-4471-4947-7_5#Sec4
http://dx.doi.org/10.1007/978-1-4471-4947-7_5#Sec5
http://dx.doi.org/10.1007/978-1-4471-4947-7_5#Sec5
http://dx.doi.org/10.1007/978-1-4471-4947-7_5#Sec5
http://dx.doi.org/10.1007/978-1-4471-4947-7_5#Sec6
http://dx.doi.org/10.1007/978-1-4471-4947-7_5#Sec6
http://dx.doi.org/10.1007/978-1-4471-4947-7_5#Sec7
http://dx.doi.org/10.1007/978-1-4471-4947-7_5#Sec7
http://dx.doi.org/10.1007/978-1-4471-4947-7_5#Sec7
http://dx.doi.org/10.1007/978-1-4471-4947-7_5#Sec8
http://dx.doi.org/10.1007/978-1-4471-4947-7_5#Sec8
http://dx.doi.org/10.1007/978-1-4471-4947-7_5#Sec9
http://dx.doi.org/10.1007/978-1-4471-4947-7_5#Sec9
http://dx.doi.org/10.1007/978-1-4471-4947-7_5#Sec10
http://dx.doi.org/10.1007/978-1-4471-4947-7_5#Sec10
http://dx.doi.org/10.1007/978-1-4471-4947-7_5#Sec11
http://dx.doi.org/10.1007/978-1-4471-4947-7_5#Sec11
http://dx.doi.org/10.1007/978-1-4471-4947-7_5#Sec12
http://dx.doi.org/10.1007/978-1-4471-4947-7_5#Sec12
http://dx.doi.org/10.1007/978-1-4471-4947-7_6
http://dx.doi.org/10.1007/978-1-4471-4947-7_6
http://dx.doi.org/10.1007/978-1-4471-4947-7_6
http://dx.doi.org/10.1007/978-1-4471-4947-7_6#Sec1
http://dx.doi.org/10.1007/978-1-4471-4947-7_6#Sec1
http://dx.doi.org/10.1007/978-1-4471-4947-7_6#Sec2
http://dx.doi.org/10.1007/978-1-4471-4947-7_6#Sec2
http://dx.doi.org/10.1007/978-1-4471-4947-7_6#Sec3
http://dx.doi.org/10.1007/978-1-4471-4947-7_6#Sec3
http://dx.doi.org/10.1007/978-1-4471-4947-7_6#Sec4
http://dx.doi.org/10.1007/978-1-4471-4947-7_6#Sec4
http://dx.doi.org/10.1007/978-1-4471-4947-7_6#Sec5
http://dx.doi.org/10.1007/978-1-4471-4947-7_6#Sec5
http://dx.doi.org/10.1007/978-1-4471-4947-7_6#Sec6
http://dx.doi.org/10.1007/978-1-4471-4947-7_6#Sec6
http://dx.doi.org/10.1007/978-1-4471-4947-7_6#Sec7
http://dx.doi.org/10.1007/978-1-4471-4947-7_6#Sec7
http://dx.doi.org/10.1007/978-1-4471-4947-7_6#Sec8
http://dx.doi.org/10.1007/978-1-4471-4947-7_6#Sec8
http://dx.doi.org/10.1007/978-1-4471-4947-7_6#Sec9
http://dx.doi.org/10.1007/978-1-4471-4947-7_6#Sec9
http://dx.doi.org/10.1007/978-1-4471-4947-7_7
http://dx.doi.org/10.1007/978-1-4471-4947-7_7

2 Springer
http://www.springer.com/978-1-4471-4946-0

Omnidirectional Vision Systems

Calibration, Feature Extraction and 3D Information
Fuig, L.; Guerrero, J.).

2013, X, 122 p. 68 illus., 35 illus. in color., Softcover
[SBM: 978-1-4471-4946-0



	Contents



