
Supervised learning in medical image registration
Sokooti, H.

Citation
Sokooti, H. (2021, November 22). Supervised learning in medical image
registration. ASCI dissertation series. Retrieved from
https://hdl.handle.net/1887/3243762
 
Version: Publisher's Version

License: Licence agreement concerning inclusion of doctoral thesis
in the Institutional Repository of the University of Leiden

Downloaded from: https://hdl.handle.net/1887/3243762
 
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/1887/3243762


Bibliography

[1] F. P. Oliveira and J. M. R. Tavares. “Medical image registration: a review”. In: Computer
methods in biomechanics and biomedical engineering 17.2 (2014), pages 73–93.

[2] V. Fortunati, R. F. Verhaart, F. Angeloni, A. Van Der Lugt, W. J. Niessen, J. F. Veenland,
M. M. Paulides, and T. Van Walsum. “Feasibility of multimodal deformable registration
for head and neck tumor treatment planning”. In: International Journal of Radiation
Oncology* Biology* Physics 90.1 (2014), pages 85–93.

[3] H. Sokooti. “Fluorescein Angiography in the Diagnosis of Diabetic Retinopathy”. Master’s
thesis. K. N. Toosi University of Technology, 2014.

[4] Z. Sun, Y. Qiao, B. P. Lelieveldt, M. Staring, A. D. N. Initiative, et al. “Integrating spatial-
anatomical regularization and structure sparsity into SVM: Improving interpretation of
Alzheimer’s disease classification”. In: NeuroImage 178 (2018), pages 445–460.

[5] F. L. Bookstein. “Principal warps: Thin-plate splines and the decomposition of deforma-
tions”. In: IEEE Transactions on pattern analysis and machine intelligence 11.6 (1989),
pages 567–585.

[6] D. Rueckert, L. I. Sonoda, C. Hayes, D. L. Hill, M. O. Leach, and D. J. Hawkes. “Nonrigid
registration using free-form deformations: application to breast MR images”. In: IEEE
Transactions on Medical Imaging 18.8 (1999), pages 712–721.

[7] S. Ruder. “An overview of gradient descent optimization algorithms”. In: arXiv preprint
arXiv:1609.04747 (2016).

[8] M. S. Elmahdy, J. M. Wolterink, H. Sokooti, I. Išgum, and M. Staring. “Adversarial
Optimization for Joint Registration and Segmentation in Prostate CT Radiotherapy”. In:
Medical Image Computing and Computer Assisted Intervention – MICCAI 2019. Springer
International Publishing, 2019, pages 366–374.

[9] W. Grimson, G. Ettinger, S. White, T. Lozano-Perez, W. Wells, and R. Kikinis. “An
automatic registration method for frameless stereotaxy, image guided surgery, and
enhanced reality visualization”. In: IEEE Transactions on Medical Imaging 15.2 (1996),
pages 129–140.

[10] G. Haskins, U. Kruger, and P. Yan. “Deep learning in medical image registration: a
survey”. In: Machine Vision and Applications 31.1 (2020), pages 1–18.

[11] A. Sedghi, J. Luo, A. Mehrtash, S. Pieper, C. M. Tempany, T. Kapur, P. Mousavi, and
W. M. W. III. “Semi-supervised image registration using deep learning”. In: Medical Imag-
ing 2019: Image-Guided Procedures, Robotic Interventions, and Modeling. Volume 10951.
International Society for Optics and Photonics. SPIE, 2019, pages 371 –376.

97



[12] G. Haskins, J. Kruecker, U. Kruger, S. Xu, P. A. Pinto, B. J. Wood, and P. Yan. “Learning
deep similarity metric for 3D MR–TRUS image registration”. In: International journal of
computer assisted radiology and surgery 14.3 (2019), pages 417–425.

[13] D. Mattes, D. R. Haynor, H. Vesselle, T. K. Lewellen, and W. Eubank. “PET-CT image
registration in the chest using free-form deformations”. In: IEEE Transactions on Medical
Imaging 22.1 (2003), pages 120–128.

[14] M. P. Heinrich, M. Jenkinson, M. Bhushan, T. Matin, F. V. Gleeson, S. M. Brady, and J. A.
Schnabel. “MIND: Modality independent neighbourhood descriptor for multi-modal
deformable registration”. In: Medical Image Analysis 16.7 (2012). Special Issue on the
2011 Conference on Medical Image Computing and Computer Assisted Intervention,
pages 1423–1435.

[15] R. S. Sutton and A. G. Barto. Reinforcement learning: An introduction. MIT press, 2018.

[16] R. Liao, S. Miao, P. de Tournemire, S. Grbic, A. Kamen, T. Mansi, and D. Comaniciu.
“An Artificial Agent for Robust Image Registration”. In: Proceedings of the Thirty-First
AAAI Conference on Artificial Intelligence. AAAI’17. San Francisco, California, USA: AAAI
Press, 2017, 4168–4175.

[17] H. Sokooti, B. De Vos, F. Berendsen, B. P. Lelieveldt, I. Išgum, and M. Staring. “Nonrigid
image registration using multi-scale 3D convolutional neural networks”. In: Inter-
national Conference on Medical Image Computing and Computer-Assisted Intervention.
Volume 10433. Lecture Notes in Computer Science. 2017, pages 232–239.

[18] H. Sokooti, B. de Vos, F. Berendsen, M. Ghafoorian, S. Yousefi, B. P. Lelieveldt, I. Isgum,
and M. Staring. “3D convolutional neural networks image registration based on efficient
supervised learning from artificial deformations”. In: arXiv preprint arXiv:1908.10235
(2019).

[19] K. A. Eppenhof, M. W. Lafarge, P. Moeskops, M. Veta, and J. P. Pluim. “Deformable
image registration using convolutional neural networks”. In: Medical Imaging 2018:
Image Processing. Volume 10574. International Society for Optics and Photonics. 2018,
105740S.

[20] J. Fan, X. Cao, P.-T. Yap, and D. Shen. “BIRNet: Brain image registration using dual-
supervised fully convolutional networks”. In: Medical Image Analysis 54 (2019), pages 193–
206.

[21] C. Ji. “Nonrigid image registration using 3D convolutional neural network with applica-
tion to brain MR images”. Master’s thesis. Delft, the Netherlands: Delft University of
Technology, 2019.

[22] B. D. de Vos, F. F. Berendsen, M. A. Viergever, M. Staring, and I. Išgum. “End-to-end
unsupervised deformable image registration with a convolutional neural network”. In:
Deep Learning in Medical Image Analysis and Multimodal Learning for Clinical Decision
Support. Springer, 2017, pages 204–212.

98



[23] B. de Vos, F. Berendsen, M. A. Viergever, H. Sokooti, M. Staring, and I. Išgum. “A deep
learning framework for unsupervised affine and deformable image registration”. In:
Medical Image Analysis 52 (2019), pages 128–143.

[24] G. Balakrishnan, A. Zhao, M. R. Sabuncu, J. Guttag, and A. V. Dalca. “An unsuper-
vised learning model for deformable medical image registration”. In: arXiv preprint
arXiv:1802.02604 (2018).

[25] D. Mahapatra, Z. Ge, S. Sedai, and R. Chakravorty. “Joint registration and segmentation
of Xray images using generative adversarial networks”. In: International Workshop on
Machine Learning in Medical Imaging. Springer. 2018, pages 73–80.

[26] A. Hering, S. Häger, J. Moltz, N. Lessmann, S. Heldmann, and B. van Ginneken. “CNN-
based lung CT registration with multiple anatomical constraints”. In: Medical Image
Analysis 72 (2021), page 102139.

[27] I. J. Goodfellow, J. Pouget-Abadie, M. Mirza, B. Xu, D. Warde-Farley, S. Ozair, A.
Courville, and Y. Bengio. “Generative adversarial nets”. In: Proceedings of the 27th
International Conference on Neural Information Processing Systems - Volume 2. NIPS’14.
Montreal, Canada: MIT Press, 2014, 2672–2680.

[28] Y. Fu, Y. Lei, T. Wang, K. Higgins, J. D. Bradley, W. J. Curran, T. Liu, and X. Yang.
“LungRegNet: An unsupervised deformable image registration method for 4D-CT lung”.
In: Medical Physics 47.4 (2020), pages 1763–1774.

[29] L. Hansen and M. P. Heinrich. “GraphRegNet: Deep graph regularisation networks on
sparse keypoints for dense registration of 3D lung CTs”. In: IEEE Transactions on Medical
Imaging 40.9 (2021), pages 2246–2257.

[30] S. Thörnqvist, J. B. Petersen, M. Høyer, L. N. Bentzen, and L. P. Muren. “Propagation of
target and organ at risk contours in radiotherapy of prostate cancer using deformable
image registration”. In: Acta Oncologica 49.7 (2010), pages 1023–1032.

[31] N. Smit, K. Lawonn, A. Kraima, M. DeRuiter, H. Sokooti, S. Bruckner, E. Eisemann, and
A. Vilanova. “PelVis: Atlas-based surgical planning for oncological pelvic surgery”. In:
IEEE Transactions on Visualization and Computer Graphics 23.1 (2017), pages 741–750.

[32] S. E. Muenzing, B. van Ginneken, M. A. Viergever, and J. P. Pluim. “DIRBoost–An
algorithm for boosting deformable image registration: Application to lung CT intra-
subject registration”. In: Medical Image Analysis 18.3 (2014), pages 449–459.

[33] H. Sokooti, G. Saygili, B. Glocker, B. P. F. Lelieveldt, and M. Staring. “Quantitative error
prediction of medical image registration using regression forests”. In: Medical Image
Analysis 56 (2019), pages 110–121.

[34] B. Glocker, N. Paragios, N. Komodakis, G. Tziritas, and N. Navab. “Optical flow
estimation with uncertainties through dynamic MRFs”. In: IEEE Conference on Computer
Vision and Pattern Recognition. IEEE. 2008, pages 1–8.

[35] M. Hub, M. L. Kessler, and C. P. Karger. “A stochastic approach to estimate the
uncertainty involved in B-spline image registration”. In: IEEE Transactions on Medical
Imaging 28.11 (2009), pages 1708–1716.

99



[36] J. Luo, S. Frisken, D. Wang, A. Golby, M. Sugiyama, and W. Wells III. “Are Registration
Uncertainty and Error Monotonically Associated?” In: Medical Image Computing and
Computer Assisted Intervention – MICCAI 2020. Edited by A. L. Martel, P. Abolmaesumi,
D. Stoyanov, D. Mateus, M. A. Zuluaga, S. K. Zhou, D. Racoceanu, and L. Joskowicz.
Cham: Springer International Publishing, 2020, pages 264–274.

[37] H. Park, P. H. Bland, K. K. Brock, and C. R. Meyer. “Adaptive registration using local
information measures”. In: Medical Image Analysis 8.4 (2004), pages 465–473.

[38] G. K. Rohde, A. Aldroubi, and B. M. Dawant. “The adaptive bases algorithm for intensity-
based nonrigid image registration”. In: IEEE Transactions on Medical Imaging 22.11
(2003), pages 1470–1479.

[39] S. E. Muenzing, B. van Ginneken, K. Murphy, and J. P. Pluim. “Supervised quality assess-
ment of medical image registration: Application to intra-patient CT lung registration”.
In: Medical Image Analysis 16.8 (2012), pages 1521–1531.

[40] K. A. Eppenhof and J. P. Pluim. “Error estimation of deformable image registration
of pulmonary CT scans using convolutional neural networks”. In: Journal of Medical
Imaging 5.2 (2018), page 024003.

[41] S. Hu, L. Wei, Y. Gao, Y. Guo, G. Wu, and D. Shen. “Learning-based deformable image
registration for infant MR images in the first year of life”. In: Medical Physics 44.1
(2017), pages 158–170.

[42] S. Miao, Z. J. Wang, and R. Liao. “A CNN regression approach for real-time 2D/3D
registration”. In: IEEE Transactions on Medical Imaging 35.5 (2016), pages 1352–1363.

[43] X. Yang, R. Kwitt, and M. Niethammer. “Fast Predictive Image Registration”. In: Interna-
tional Workshop on Large-Scale Annotation of Biomedical Data and Expert Label Synthesis.
2016, pages 48–57.

[44] K. A. Eppenhof and J. P. Pluim. “Supervised local error estimation for nonlinear
image registration using convolutional neural networks”. In: SPIE Medical Imaging.
International Society for Optics and Photonics. 2017, 101331U–101331U.

[45] A. Dosovitskiy, P. Fischer, E. Ilg, P. Häusser, C. Hazirbas, V. Golkov, P. v. d. Smagt,
D. Cremers, and T. Brox. “FlowNet: Learning optical flow with convolutional networks”.
In: IEEE International Conference on Computer Vision (ICCV). 2015, pages 2758–2766.

[46] K. Kamnitsas, C. Ledig, V. F. Newcombe, J. P. Simpson, A. D. Kane, D. K. Menon, D.
Rueckert, and B. Glocker. “Efficient multi-scale 3D CNN with fully connected CRF for
accurate brain lesion segmentation”. In: Medical Image Analysis 36 (2017), pages 61–78.

[47] J. Stolk, H. Putter, E. M. Bakker, S. B. Shaker, D. G. Parr, E. Piitulainen, E. W. Russi,
E. Grebski, A. Dirksen, R. A. Stockley, J. H. C. Reiber, and B. C. Stoel. “Progression
parameters for emphysema: a clinical investigation”. In: Respiratory Medicine 101.9
(2007), pages 1924–1930.

[48] K. Murphy, B. van Ginneken, S. Klein, M. Staring, B. J. de Hoop, M. A. Viergever, and
J. P. Pluim. “Semi-automatic construction of reference standards for evaluation of image
registration”. In: Medical Image Analysis 15.1 (2011), pages 71–84.

100



[49] Theano Development Team. “Theano: A Python framework for fast computation of
mathematical expressions”. In: arXiv e-prints abs/1605.02688 (May 2016). URL: http:
//arxiv.org/abs/1605.02688.

[50] S. Dieleman, J. Schluter, C. Raffel, E. Olson, S. K. Sonderby, D. Nouri, D. Maturana,
M. Thoma, E. Battenberg, J. Kelly, et al. “Lasagne: First release”. In: Zenodo: Geneva,
Switzerland (2015).

[51] B. C. Lowekamp, D. T. Chen, L. Ibáñez, and D. Blezek. “The design of SimpleITK”. In:
Frontiers in Neuroinformatics 7 (2013), pages 1–14.

[52] S. Klein, M. Staring, K. Murphy, M. A. Viergever, and J. P. Pluim. “elastix: A toolbox
for intensity-based medical image registration”. In: IEEE Transactions on Medical Imaging
29.1 (2010), pages 196–205.

[53] C. Guetter, C. Xu, F. Sauer, and J. Hornegger. “Learning based non-rigid multi-modal im-
age registration using Kullback-Leibler divergence”. In: International Conference on Med-
ical Image Computing and Computer-Assisted Intervention. Springer. 2005, pages 255–
262.

[54] J. Jiang, S. Zheng, A. W. Toga, and Z. Tu. “Learning based coarse-to-fine image
registration”. In: Computer Vision and Pattern Recognition, 2008. CVPR 2008. IEEE
Conference on. IEEE. 2008, pages 1–7.

[55] H. Sokooti, G. Saygili, B. Glocker, B. P. Lelieveldt, and M. Staring. “Accuracy estimation
for medical image registration using regression forests”. In: International Conference
on Medical Image Computing and Computer-Assisted Intervention. Volume 9902. Lecture
Notes in Computer Science. 2016, pages 107–115.

[56] X. Cao, J. Yang, J. Zhang, D. Nie, M. Kim, Q. Wang, and D. Shen. “Deformable
image registration based on similarity-steered CNN regression”. In: International
Conference on Medical Image Computing and Computer-Assisted Intervention. Springer.
2017, pages 300–308.

[57] M. Simonovsky, B. Gutiérrez-Becker, D. Mateus, N. Navab, and N. Komodakis. “A
deep metric for multimodal registration”. In: International Conference on Medical Image
Computing and Computer-Assisted Intervention. Springer. 2016, pages 10–18.

[58] E. Ferrante, O. Oktay, B. Glocker, and D. H. Milone. “On the adaptability of unsupervised
CNN-based deformable image registration to unseen image domains”. In: International
Workshop on Machine Learning in Medical Imaging. Springer. 2018, pages 294–302.

[59] A. Sheikhjafari, M. Noga, K. Punithakumar, and N. Ray. “Unsupervised deformable
image registration with fully connected generative neural network”. In: (2018).

[60] A. V. Dalca, G. Balakrishnan, J. Guttag, and M. R. Sabuncu. “Unsupervised learning
for fast probabilistic diffeomorphic registration”. In: arXiv preprint arXiv:1805.04605
(2018).

101

http://arxiv.org/abs/1605.02688
http://arxiv.org/abs/1605.02688


[61] Y. Hu, M. Modat, E. Gibson, N. Ghavami, E. Bonmati, C. M. Moore, M. Emberton, J. A.
Noble, D. C. Barratt, and T. Vercauteren. “Label-driven weakly-supervised learning for
multimodal deformarle image registration”. In: Biomedical Imaging (ISBI 2018), 2018
IEEE 15th International Symposium on. IEEE. 2018, pages 1070–1074.

[62] M.-M. Rohé, M. Datar, T. Heimann, M. Sermesant, and X. Pennec. “SVF-Net: learn-
ing deformable image registration using shape matching”. In: International Confer-
ence on Medical Image Computing and Computer-Assisted Intervention. Springer. 2017,
pages 266–274.

[63] J. Fan, X. Cao, Z. Xue, P.-T. Yap, and D. Shen. “Adversarial similarity network for
evaluating image alignment in deep learning based registration”. In: International
Conference on Medical Image Computing and Computer-Assisted Intervention. Springer.
2018, pages 739–746.

[64] H. Uzunova, M. Wilms, H. Handels, and J. Ehrhardt. “Training CNNs for image
registration from few samples with model-based data augmentation”. In: International
Conference on Medical Image Computing and Computer-Assisted Intervention. Springer.
2017, pages 223–231.

[65] Y. Hu, E. Gibson, N. Ghavami, E. Bonmati, C. M. Moore, M. Emberton, T. Vercauteren,
J. A. Noble, and D. C. Barratt. “Adversarial deformation regularization for training
image registration neural networks”. In: arXiv preprint arXiv:1805.10665 (2018).

[66] K. Ma, J. Wang, V. Singh, B. Tamersoy, Y.-J. Chang, A. Wimmer, and T. Chen. “Multi-
modal image registration with deep context reinforcement learning”. In: International
Conference on Medical Image Computing and Computer-Assisted Intervention. Springer.
2017, pages 240–248.

[67] J. Krebs, T. Mansi, H. Delingette, L. Zhang, F. C. Ghesu, S. Miao, A. K. Maier, N. Ayache,
R. Liao, and A. Kamen. “Robust non-rigid registration through agent-based action
learning”. In: International Conference on Medical Image Computing and Computer-
Assisted Intervention. Springer. 2017, pages 344–352.

[68] J. O. Onieva, B. Marti-Fuster, M. P. de la Puente, and R. S. J. Estépar. “Diffeomorphic
lung registration using deep CNNs and reinforced learning”. In: Image Analysis for
Moving Organ, Breast, and Thoracic Images. Springer, 2018, pages 284–294.

[69] O. Ronneberger, P. Fischer, and T. Brox. “U-net: Convolutional networks for biomedical
image segmentation”. In: International Conference on Medical image computing and
computer-assisted intervention. Springer. 2015, pages 234–241.

[70] S. Ioffe and C. Szegedy. “Batch normalization: Accelerating deep network training by
reducing internal covariate shift”. In: International Conference on Machine Learning.
2015, pages 448–456.

[71] V. Nair and G. E. Hinton. “Rectified linear units improve restricted Boltzmann machines”.
In: International Conference on Machine Learning. 2010, pages 807–814.

102



[72] X. Glorot and Y. Bengio. “Understanding the difficulty of training deep feedforward
neural networks”. In: Proceedings of the thirteenth international conference on artificial
intelligence and statistics. 2010, pages 249–256.

[73] M. Staring, M. E. Bakker, J. Stolk, D. P. Shamonin, J. H. Reiber, and B. C. Stoel. “Towards
local progression estimation of pulmonary emphysema using CT”. In: Medical Physics
41.2 (2014), page 021905.

[74] R. Castillo, E. Castillo, R. Guerra, V. E. Johnson, T. McPhail, A. K. Garg, and T. Guerrero.
“A framework for evaluation of deformable image registration spatial accuracy using
large landmark point sets”. In: Physics in Medicine and Biology 54.7 (2009), page 1849.

[75] R. Castillo, E. Castillo, D. Fuentes, M. Ahmad, A. M. Wood, M. S. Ludwig, and T.
Guerrero. “A reference dataset for deformable image registration spatial accuracy
evaluation using the COPDgene study archive”. In: Physics in Medicine and Biology 58.9
(2013), page 2861.

[76] M. Abadi et al. “TensorFlow: A system for large-scale machine learning.” In: 12th
USENIX Conference on Operating Systems Design and Implementation (OSDI). Volume 16.
2016, pages 265–283.

[77] T. Sentker, F. Madesta, and R. Werner. “GDL-FIRE 4D: deep learning-based fast 4D
CT image registration”. In: International Conference on Medical Image Computing and
Computer-Assisted Intervention. Springer. 2018, pages 765–773.

[78] F. F. Berendsen, A. N. Kotte, M. A. Viergever, and J. P. Pluim. “Registration of organs
with sliding interfaces and changing topologies”. In: Medical Imaging 2014: Image
Processing. Volume 9034. International Society for Optics and Photonics. 2014, 90340E.

[79] K. A. Eppenhof and J. P. Pluim. “Pulmonary CT registration through supervised learning
with convolutional neural networks”. In: IEEE transactions on Medical Imaging (2018).

[80] K. Murphy, B. Van Ginneken, J. M. Reinhardt, S. Kabus, K. Ding, X. Deng, K. Cao, K.
Du, G. E. Christensen, V. Garcia, et al. “Evaluation of registration methods on thoracic
CT: the EMPIRE10 challenge”. In: IEEE Transactions on Medical Imaging 30.11 (2011),
pages 1901–1920.

[81] M. J. Murphy, F. J. Salguero, J. V. Siebers, D. Staub, and C. Vaman. “A method to estimate
the effect of deformable image registration uncertainties on daily dose mapping”. In:
Medical Physics 39.2 (2012), pages 573–580.

[82] D. Tilly, N. Tilly, and A. Ahnesjö. “Dose mapping sensitivity to deformable registration
uncertainties in fractionated radiotherapy–applied to prostate proton treatments”. In:
BMC Medical Physics 13.1 (2013), page 2.

[83] C. Veiga, A. M. Lourenço, S. Mouinuddin, M. van Herk, M. Modat, S. Ourselin, G.
Royle, and J. R. McClelland. “Toward adaptive radiotherapy for head and neck patients:
Uncertainties in dose warping due to the choice of deformable registration algorithm”.
In: Medical Physics 42.2 (2015), pages 760–769.

103



[84] G. Gunay, M. H. Luu, A. Moelker, T. van Walsum, and S. Klein. “Semiautomated
registration of pre- and intraoperative CT for image-guided percutaneous liver tumor
ablation interventions”. In: Medical Physics 44.7 (2017), pages 3718–3725.

[85] M. Schlachter, T. Fechter, M. Jurisic, T. Schimek-Jasch, O. Oehlke, S. Adebahr, W.
Birkfellner, U. Nestle, and K. Bühler. “Visualization of deformable image registration
quality using local image dissimilarity”. In: IEEE Transactions on Medical Imaging 35.10
(2016), pages 2319–2328.

[86] J. A. Schnabel, D. Rueckert, M. Quist, J. M. Blackall, A. D. Castellano-Smith, T. Hartkens,
G. P. Penney, W. A. Hall, H. Liu, C. L. Truwit, et al. “A generic framework for non-rigid
registration based on non-uniform multi-level free-form deformations”. In: Medical
Image Computing and Computer-Assisted Intervention–MICCAI 2001. Springer. 2001,
pages 573–581.

[87] G. Saygili, M. Staring, and E. A. Hendriks. “Confidence estimation for medical image
registration based on stereo confidences”. In: IEEE Transactions on Medical Imaging 35.2
(2016), pages 539–549.

[88] D. Forsberg, Y. Rathi, S. Bouix, D. Wassermann, H. Knutsson, and C.-F. Westin. “Improv-
ing registration using multi-channel diffeomorphic demons combined with certainty
maps”. In: Multimodal Brain Image Analysis. Springer, 2011, pages 19–26.

[89] P. Risholm, F. Janoos, I. Norton, A. J. Golby, and W. M. Wells. “Bayesian characterization
of uncertainty in intra-subject non-rigid registration”. In: Medical Image Analysis 17.5
(2013), pages 538–555.

[90] I. J. Simpson, M. J. Cardoso, M. Modat, D. M. Cash, M. W. Woolrich, J. L. Andersson,
J. A. Schnabel, S. Ourselin, et al. “Probabilistic non-linear registration with spatially
adaptive regularisation”. In: Medical Image Analysis 26.1 (2015), pages 203–216.

[91] J. Luo, K. Popuri, D. Cobzas, H. Ding, W. M. Wells, and M. Sugiyama. “Misdirected
registration uncertainty”. In: arXiv preprint arXiv:1704.08121 (2017).

[92] R. D. Datteri and B. M. Dawant. “Automatic detection of the magnitude and spatial
location of error in non-rigid registration”. In: Biomedical Image Registration. Springer,
2012, pages 21–30.

[93] T. Gass, G. Szekely, and O. Goksel. “Consistency-based rectification of nonrigid registra-
tions”. In: Journal of Medical Imaging 2.1 (2015), pages 014005–014005.

[94] J. Kybic. “Bootstrap resampling for image registration uncertainty estimation without
ground truth”. In: IEEE Transactions on Image Processing 19.1 (2010), pages 64–73.

[95] M Hub and C. Karger. “Estimation of the uncertainty of elastic image registration with
the Demons algorithm”. In: Physics in Medicine and Biology 58.9 (2013), page 3023.

[96] T. Lotfi, L. Tang, S. Andrews, and G. Hamarneh. “Improving probabilistic image
registration via reinforcement learning and uncertainty evaluation”. In: International
Workshop on Machine Learning in Medical Imaging. Springer. 2013, pages 187–194.

104



[97] S. Klein, J. P. Pluim, M. Staring, and M. A. Viergever. “Adaptive stochastic gradient
descent optimisation for image registration”. In: International Journal of Computer
Vision 81.3 (2009), pages 227–239.

[98] P. Viola and M. J. Jones. “Robust real-time face detection”. In: International journal of
computer vision 57.2 (2004), pages 137–154.

[99] L. Breiman. “Random forests”. In: Machine Learning 45.1 (2001), pages 5–32.

[100] B. Glocker, D. Zikic, and D. R. Haynor. “Robust registration of longitudinal spine CT”. In:
International Conference on Medical Image Computing and Computer-Assisted Intervention.
Springer. 2014, pages 251–258.

[101] F. Pedregosa et al. “Scikit-learn: Machine Learning in Python”. In: Journal of Machine
Learning Research 12 (2011), pages 2825–2830.

[102] A. Liaw, M. Wiener, et al. “Classification and regression by RandomForest”. In: R news
2.3 (2002), pages 18–22.

[103] B. B. Avants, N. Tustison, and G. Song. “Advanced normalization tools (ANTS)”. In:
Insight J. 2 (2009), pages 1–35.

[104] N. Tustison, G. Song, J. Gee, and B. Avants. Two Greedy SyN variants for pulmonary
image registration. 2013.

[105] M. Staring, S. Klein, J. H. Reiber, W. J. Niessen, and B. C. Stoel. “Pulmonary image
registration with elastix using a standard intensity-based algorithm”. In: Medical
Image Analysis for the Clinic: A Grand Challenge (2010), pages 73–79.

[106] M. P. Heinrich, I. J. Simpson, B. W. Papież, M. Brady, and J. A. Schnabel. “Deformable
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