-1 Universiteit
%47 Leiden
The Netherlands

Spectral imaging and tomographic reconstruction methods

for industrial applications
Zeegers, M.T.

Citation

Zeegers, M. T. (2023, May 31). Spectral imaging and tomographic
reconstruction methods for industrial applications. Retrieved from
https://hdl.handle.net/1887/3619550

Version: Publisher's Version
Licence agreement concerning inclusion of doctoral
License: thesis in the Institutional Repository of the University
of Leiden

Downloaded from: https://hdl.handle.net/1887/3619550

Note: To cite this publication please use the final published version (if
applicable).


https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/3619550

Spectral imaging and tomographic
reconstruction methods for industrial
applications

Proefschrift

ter verkrijging van
de graad van doctor aan de Universiteit Leiden,
op gezag van rector magnificus prof. dr. ir. H. Bijl,
volgens besluit van het college voor promoties
te verdedigen op 31 mei 2023
klokke 15:00 uur

door
Mathé Thomas Zeegers

geboren te Alkmaar, Nederland
in 1992



Promotor:
Prof. dr. K. J. Batenburg

Co-promotores:
Dr. D. M. Pelt
Dr. T. van Leeuwen

Promotiecommissie:
Prof. dr. A. Plaat

Prof. dr. T. H. W. Back
Prof. dr. ir. F. J. Verbeek
Prof. dr. R. van Liere

Dr. M. A. J. M. van Eijnatten

(Centrum Wiskunde & Informatica,
Universiteit Utrecht)

(Centrum Wiskunde & Informatica,
Technische Universiteit Eindhoven)
(Technische Universiteit Eindhoven)



The research presented in this dissertation was carried out at the Centrum Wiskunde & In-
formatica (CWI) in Amsterdam.

Financial support was provided by the Netherlands Organisation for Scientific Re-
search (NWO), programme 639.073.506.

© 2023 Mathé T. Zeegers






Contents

1 Introduction 1
1.1 Product inspection and foreign objects . . . . ... ... ... ... 3
1.2 RadiographywithX-rays . . . . . .. ... ... ... ... ..... 6
1.3 Tomography . . . . . . . . . . . . ... 12
1.4 Spectral X-rayimaging . . . . . . . ... ... oL 18
1.5 Spectral tomography . . . . . . .. ... ... ... ... 23
1.6 Machinelearning . . . . . . . . .. ... ... ... .. 29
1.7 Research questions and dissertation outline . . .. ... ... ... 36

2 Tomographic workflows for deep learning training data generation 39

2.1 Introduction . . . . . . . . . . .. ... 40
2.2 Preliminaries . . . . . . . . . .. ... 42
2.3 Proposed method for training data acquisition . . . . . . .. .. .. 44
2.4 Experimentsandresults . . ... ... ... ... ... . .... 45
2.5 Discussion . . . . ... 59
2.6 Conclusions . . . . . ... ... 62
3 Hyperspectral data reduction through deep learning 65
3.1 Introduction . . . . . . . . . . ... ... 66
3.2 Relatedwork . . . .. .. .. ... ... 67
3.3 Materialsand methods . . . . .. ... ... ... .. 69
3.4 Experimentsandresults . . ... ... ... ... ... . .... 74
3.5 Discussion . . . . ... 92
3.6 Conclusions . . . . . ... ... 93
4 Multi-channel discrete tomography 95
4.1 Introduction . . . . . . . . . . ... ... 96
4.2 Problem formulation . . ... ... ... ... ......... ... 98
4.3 Algorithms . . . . . . .. ... 100
4.4 Experimentsandresults . . ... ... .. ... ... ... . .... 106
4.5 Discussion . . . . . . ... 110
4.6 Conclusions . . . . . . .. ... 111
5 Dictionary-based spectral tomography 113

5.1 Introduction . . . . . . . . . . . . . 114



6

5.2 Relatedwork . ... ... .. ... ...
5.3 Spectral forward model . . .. ... ... ... ... ... .....
5.4 Spectralinverseproblem . . . . . . ... ...
5.5 Proposed method - ADJUST . . . . . ... ... ...........
5.6 Experimentsandresults . . . ... ... ... ... .........
5.7 Conclusions and discussion . . . . . .. ... ... ...

Conclusions and outlook

6.1 Conclusions . . . . . . . . . . .. e
6.2 Contributions . . . . . . .. ... .
6.3 Future workandoutlook . . . . . . . . .. .. ... ... ......

Bibliography

A

Appendices to Chapter 2

A.1 Intensity value histograms . . . . . . ... ... ... ... .....
A.2 Reconstruction and ground truth similarities . . . . . . . ... ...
A.3 Additional quality measure . . . . . ... ... ... ... .. ...

Appendices to Chapter 3

B.1 Standard data reduction methods . . . . . . .. ... ... ... ..
B.2 X-ray projection data computation . . . . . . ... ... ... ...
B.3 Time comparison . . . . . . . . . . ... e
B.4 Robustness . . . . . . . ... ... ...

Appendices to Chapter 5

C.1 Proofof Theorem 1 . . ... ... ... ... ... ... .......
C.2 Bi-convexity of ADJUST and partial optimality . . . . . ... .. ..
C.3 Derivation of AAPM . . . . . . ... ..
C.4 Gradient computations . . . . . . . . . . . ...
C.5 Dictionary matrix . . . . . . . . . .o
C.6 Performance measures . . . . . . . . . . .. ...
C.7 Numerical studies: Comparison of methods . . . . .. ... .. ..
C.8 Numerical studies: Limited measurement patterns. . . . . . . . . .
C.9 Numerical studies: Mixed material phantom . . . . . ... ... ..
C.10 Numerical studies: 3D phantom . . . . . . . ... ... .......

List of publications

Summary in English

Summary in Dutch

Curriculum vitae

Acknowledgements

157

177
178
179
180

181
182
183
185
186

189
190
191
194
196
197
198
200
201
204
205

209
211
215
219

221



