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9:30  Coffee and Tea 
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Bart M. ter Haar Romeny 
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9:50  Searching Informative Concept Banks for Video Event Detection 
Masoud Mazloom, Efstratios Gavves, Koen E.A. van de Sande and Cees G.M. Snoek 
ISLA, Informatics Institute, University of Amsterdam 
 

10:15  Recommendations for Video Event Recognition using Concept Vocabularies  
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Lu Zhang, Laurens van der Maaten 
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Laurens van der Maaten 
Delft University of Technology 
 

12:05  Classification of underwater sounds 
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15:05  Automated thrombus segmentation in occluded cerebral arteries using symmetry on 
CT angiography 
Emilie M. M. Santos, Henk A. Marquering, Olvert A. Berkhemer, Wim van der Zwam, Aad 
van der Lugt, Charles B. Majoie, Wiro J. Niessen 
Erasmus MC / Amsterdam MC 
 

15:30  Coffee and Tea break 
 

15:40  Influence of image registration on the reproducibility of computed apparent diffusion 
coefficients in free-breathing diffusion MRI of the abdomen 
Jean-Marie Guyader, Livia Bernardin, Naomi Douglas, Dirk H. J. Poot, Wiro J. Niessen, 
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Searching Informative Concept Banks for Video Event Detection 

Masoud Mazloom, Efstratios Gavves, Koen E.A. van de Sande and Cees G.M. Snoek 
ISLA, Informatics Institute, University of Amsterdam 

Science Park 904, 1098 XH, Amsterdam, The Netherlands 
{m.mazloom, egavves, ksande, cgmsnoek}@uva.nl 

 

An emerging trend in video event detection is to learn an event from a bank of concept detector scores. 
Different from existing work, which simply relies on a bank containing all available detectors, we 
propose in this paper an algorithm that learns from examples what concepts in a bank are most 
informative per event. We model finding this bank of informative concepts out of a large set of concept 
detectors as a rare event search. Our proposed approximate solution finds the optimal concept bank 
using a cross-entropy optimization. We study the behavior of video event detection based on a bank of 
informative concepts by performing three experiments on more than 1,000 hours of arbitrary internet 
video from the TRECVID multimedia event detection task. Starting from a concept bank of 1,346 
detectors we show that 1.) some concept banks are more informative than others for specific events, 2.) 
event detection using an automatically obtained informative concept bank is more robust than using all 
available concepts, 3.) even for small amounts of training examples an informative concept bank 
outperforms a full bank and a bag-of-word event representation, and 4.) we show qualitatively that the 
informative concept banks make sense for the events of interest, without being programmed to do so. 
We conclude that for concept banks it pays to be informative. 
 
 
 
 

Recommendations for Video Event Recognition using Concept Vocabularies 
 

Amirhossein Habibian, Koen E. A. van de Sande, and Cees G. M. Snoek 
ISLA, Informatics Institute, University of Amsterdam 

a.habibian@uva.nl 
 
Representing videos using vocabularies composed of concept detectors appears promising for event 
recognition. While many have recently shown the benefits of concept vocabularies for recognition, the 
important question what concepts to include in the vocabulary is ignored. In this paper, we study how to 
create an effective vocabulary for arbitrary-event recognition in web video. We consider four research 
questions related to the number, the type, the specificity and the quality of the detectors in concept 
vocabularies. A rigorous experimental protocol using a pool of 1,346 concept detectors trained on 
publicly available annotations, a dataset containing 13,274 web videos from the Multimedia Event 
Detection benchmark, 25 event ground-truth definitions, and a state-of-the-art event recognition 
pipeline allow us to analyze the performance of various concept vocabulary definitions. From the 
analysis we arrive at the recommendation that for effective event recognition the concept vocabulary 
should i) contain more than 200 concepts, ii) be diverse by covering object, action, scene, people, animal 
and attribute concepts, iii) include both general and specific concepts, and iv) increase the number of 
concepts rather than improve the quality of the individual detectors. We consider the recommendations 
for video event recognition using concept vocabularies the most important contribution of the paper, as 
they provide guidelines for future work. 
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Structure Preserving Object Tracking 
 

Lu Zhang, Laurens van der Maaten 
Computer Vision Lab, Delft University of Technology 

Mekelweg 4, 2628 CD Delft, The Netherlands 
{lu.zhang, l.j.p.vandermaaten}@tudelft.nl 

 
Model-free trackers can track arbitrary objects based on a single (bounding-box) annotation of the 
object. Whilst the performance of model-free trackers has recently improved significantly, 
simultaneously tracking multiple objects with similar appearance remains very hard. In this paper, we 
propose a new multi-object model-free tracker (based on tracking-by-detection) that resolves this 
problem by incorporating spatial constraints between the objects. The spatial constraints are learned 
along with the object detectors using an online structured SVM algorithm. The experimental evaluation 
of our structure-preserving object tracker (SPOT) reveals significant performance improvements in 
multi-object tracking. We also show that SPOT can improve the performance of single-object trackers by 
simultaneously tracking different parts of the object. 

 
 
 
 
 

Asymmetry in Point Set Dissimilarities 
 

Veronika Cheplygina1, David M.J. Tax1, Marco Loog1,2 

1 Pattern Recognition Laboratory, Delft University of Technology, the Netherlands 
2 The Image Group, University of Copenhagen, Denmark 

v.cheplygina@tudelft.nl 
 
Classification of complex objects such as point sets, or sets of feature vectors, is possible by defining 
distances or dissimilarities between such objects. The distances can be used in a nearest neighbor sense, 
or with any supervised classifier in the dissimilarity space. For nearest neighbor approaches it is 
desirable that the dissimilarity satisfies metric properties, but in the dissimilarity space such restrictions 
do not apply. Dissimilarities between point sets can be asymmetric, which usually leads to 
symmetrization by, for instance, averaging. However, asymmetry can be informative, and preserving 
such information can improve performance. The advantage of the dissimilarity space is that the original, 
asymmetric dissimilarities can be used. We demonstrate this with an example from multiple instance 
learning. 
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Marginalized Corrupted Features 
 

Laurens van der Maaten1, Kilian Weinberger2, Minmin Chen2, and Stephen Tyree2 
1 Delft University of Technology, 

2 Washington University, St. Louis 
 
The goal of machine learning is to develop predictors that generalize well to test data. Ideally, this is 
achieved by training on very large (infinite) training data sets that capture all variations in the data 
distribution. In the case of finite training data, an effective solution is to extend the training set with 
artificially created examples—which, however, is also computationally costly. We propose to corrupt 
training examples with noise from known distributions within the exponential family and present a 
novel learning algorithm, called marginalized corrupted features (MCF), that trains robust predictors by 
minimizing the expected value of the loss function under the corrupting distribution—essentially 
learning with infinitely many (corrupted) training examples. We show empirically on a variety of data 
sets that MCF classifiers can be trained efficiently, may generalize substantially better to test data, and 
are more robust to feature deletion at test time. 

 

 

Classification of underwater sounds 

Tim van Zon, Frank Benders, Sander von Benda-Beckmann 
TNO, Akoestiek en Sonar, Den Haag 

Tim.vanzon@tno.nl 
 

Monitoring of underwater sound is commonly adopted for detecting underwater objects and 
understanding the impact of anthropogenic underwater noise on marine life. Due to increasing size of 
acoustic datasets, manual classification is infeasible, and automated classification algorithms are being 
developed to separate out the many underwater anthropogenic sound sources (such as shipping noise 
and sonar sound) from natural sound sources (such as marine mammals, fish). 

Our scheme for classifying underwater sound recordings is based on the spectrogram of events in the 
recording. The spectrogram is an image, which is constructed using many short-time Fast Fourier 
Transformations. The spectrogram offers a clear view of transient (short duration) sounds and the 
variation of their dominant frequencies over time.  

A segmentation algorithm is applied to the spectrogram to separate transient sounds, for instance the 
call of a marine mammal, from the continuous background noise (often dominated by either shipping or 
wind noise). Image-based features are computed for each segment to classify the sounds. The classifier 
is trained using PRTools. 



AN OPTIMIZED FRAMEWORK FOR ANALYSING DIFFUSION WEIGHTED MRI WITH APPLICATION TO 
RECONSTRUCTION OF THE OPTIC RADIATION 

 
Rutger Fick1,2, Stephan Meesters1,2, Remco Duits3, Eric Creusen3 

Anna Villanova1, Pauly Ossenblok2, Bart ter Haar Romeny1 

TU/e, Dep. of Biomedical Engineering1 / Dep. of Mathematics and Computer Science3 

Den Dolech 2, 5612 AZ, Eindhoven, The Netherlands 
Kempenhaeghe Center for Epilepsy2 

Sterkselseweg 65, 5591 VE Heeze, The Netherlands 
 
To stop seizures in case of temporal lobe epilepsy a temporal lobe resection can be performed to 
remove the seizure focus. While the procedure has a high rate of success, patients frequently suffer 
from upper quadrantanopia as a result of an induced lesion of the optic radiation. As the extent of the 
optic radiation, and in particular that the Meyers loop, is subject to high interpatient variability it is of 
interest to localize the optic radiation as part of preoperative planning. 
 
In previous work diffusion tensor imaging in combination with contextual enhancements[1] has been 
used to obtain reconstructions of the optic radiation[2], but these were not always consistent with 
known anatomy and it was a question of interest whether this methodology could be improved. We 
present an optimized framework for localizing the optic radiation using diffusion weighted MRI 
consisting of image denoising, EPI distortion correction, constrained spherical deconvolution, contextual 
enhancements and finally probabilistic fiber tracking. We test the performance of the proposed  
framework on in-house artificially generated data, the phantom fiber cup data (MICCAI 2009), the more 
recent HARDI reconstruction challenge data (ISBI 2013) and real brain data acquired with different 
sampling schemes (32, 64 and 128 gradients) and different b-values (1000 and 3000 mm2/s). 
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Automated Normalized Cut Segmentation of the Aortic Root in CT Angiography 

 
Mustafa Elattar1, Esther Wiegerinck2, Nils Planken3, Ed VanBavel1,  

Hans van Assen4, Jan Baan Jr.2, Henk Marquering1,2 

1 Department of Biomedical Engineering and Physics, 2 Deparment of Cardiology,  
3 Department of Radiology, 

Academic Medical Center, University of Amsterdam, 1105AZ Amsterdam, Netherlands. 
4 Department of Electrical Engineering, Eindhoven University of Technology, 5600 MB Eindhoven, 

Netherlands. 
 

M.Elattar@amc.nl 
 

Transcatheter Aortic Valve Implantation (TAVI) is a new minimal-invasive intervention for implanting 
prosthetic valves in patients with aortic stenosis. This procedure is associated with adverse effects like 
paravalvular leakage, stroke, and coronary obstruction. Accurate automated sizing for planning and 
patient selection is expected to reduce these adverse effects. Segmentation of the aortic root in CTA is 
pivotal to enable automated sizing and planning. We present a fully automated segmentation algorithm 
to extract the aortic root from CTA images consisting of a number of steps: first, the ascending aorta and 
aortic root centerline is extracted. Second, the aortic root is represented in cylindrical coordinates and it 
is segmented using normalized cuts. We quantitatively validated the method against manual 
delineations and previous published methods. The method successfully segmented the aortic root in all 
20 image datasets with a Dice coefficient of 0.945±0.03 and a mean radial absolute error of 0.74±0.39 
mm. 

 

Automated thrombus segmentation in occluded cerebral arteries using symmetry on CT angiography 

 
Emilie M. M. Santos1,2,3,4, Henk A. Marquering3,4, Olvert A. Berkhemer3,  

Wim van der Zwam5, Aad van der Lugt2, Charles B. Majoie3, Wiro J. Niessen1,2,6 

 
1 Dept. of Medical Informatics, Erasmus MC, Rotterdam, the Netherlands 

2 Dept. of Radiology, Erasmus MC, Rotterdam, the Netherlands 
3 Dept. of Radiology, AMC, Amsterdam, the Netherlands 

4 Dept. of Biomedical Engineering and Physics, AMC, Amsterdam, the Netherlands 
5 Dept. of Radiology, Maastricht University Medical Centre, Maastricht, the Netherlands 

6 Faculty of Applied Sciences, Delft University of Technology, Delft, the Netherlands 
 

e.santos@erasmusmc.nl / e.m.santos@amc.uva.nl 
 
Abstract. More than 10 million people suffer from a stroke worldwide each year due to the occlusion of 
a cerebral artery by a thrombus. Stroke is the leading cause of long-term disability and the second cause 
of death. Thrombus volume and length are important predictors of success of treatment. However, the 
lack of contrast between low density thrombus and surrounding brain tissue in CT images makes 
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delineation a difficult and time consuming task. We developed a method for automated thrombus 
segmentation on CT angiography. First, the contralateral artery is segmented using a two-point 
vesselness minimum cost path, graph-cuts, and kernel regression. Second, assuming symmetry, his 
segmentation is mirrored and used as a shape prior for the initialization of an intensity based region 
growing segmentation of the thrombus. Com-parison of the automated method to manual delineations 
in 26 patients using Bland-Altman analysis showed an accuracy that was comparable to the 
interobserver variability. 

 

Influence of image registration on the reproducibility of computed apparent diffusion coefficients in 
free-breathing diffusion MRI of the abdomen 

 
Jean-Marie Guyader1, Livia Bernardin2, Naomi Douglas2, Dirk H. J. Poot1, 

Wiro J. Niessen1,3, Stefan Klein1 

1 Biomedical Imaging Group Rotterdam, Departments of Radiology and Medical 
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3 Imaging Science and Technology, Department of Applied Sciences, Delft University of Technology, 

Delft, the Netherlands 
 

j.guyader@erasmusmc.nl 
 

 
Apparent diffusion coefficient (ADC) images can be computed by applying a voxel-wise curve fitting to a 
set of diffusion MRIs characterized by different b-values and diffusion gradient orientations [1]. Motion-
induced misalignments in the datasets can cause errors in the computed ADCs, especially in abdominal 
free-breathing acquisitions [2]. By using image registration, we aim to increase the accuracy and 
precision of the ADC so that it becomes a more relevant imaging biomarker in the field of cancer 
research [3]. Using existing registration software [4], an image registration pipeline was therefore 
developed. It first compensates for motion within each image, which is of particular importance when 
an interleaved slice acquisition sequence is used. The images are then brought to a unique image space 
and ADCs are extracted using a maximum likelihood estimator. The method was applied to volunteer 
datasets and proves to have a positive effect on the reproducibility of ADCs. 
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Curve Reconstruction via Sub-Riemannian Geometry and Its Application to Tracking of Retina Vessels 
 

E. Baspinar, B.M. ter Haar Romeny, R. Duits 
 

Eindhoven University of Technology, department of Biomedical Engineering, research group Biomedical 
Image Analysis and Interpretation. Eindhoven, the Netherlands 

 
In medical images, several parts of retina vessels are usually corrupted due to some leakages caused by 
several disorders or problems related to the imaging procedure. Those corrupted/hidden parts of the 
vessels should be completed for vessel tracking to be done successfully. The main goal of this project is 
to reconstruct the hidden/corrupted parts along the retina vessels to improve the performance of the 
vessel tracking algorithm ETOS which was developed by Bekkers et al. [1]. To achieve completion, we 
mainly search for the cuspless sub-Riemannian (sR) curve                          minimizing the length functional 
 
                                         
 
 
parameterized by spatial arclength. Here κ represents the geodesic curvature and ξ represents the scale 
determining the amount of stretching of the curve to be reconstructed. Relying on the model proposed 
by Petitot [2, 3] and improved by Citti & Sarti [4], we find that solutions for this geometric control 
problem are the geodesics                                        coinciding with the boundary conditions given for the 
path to be reconstructed. 
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QUANTIFICATION OF BLOOD-FLOW CHARACTERISTICS FOR 
CARDIOVASCULAR APPLICATIONS 
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Phase contrast magnetic resonance imaging (PC-MRI) measurements provide important blood-flow 
information for diagnosis, prognosis and treatment-planning and -assessment regarding cardiovascular 
diseases, since they can reveal patterns and anomalies [1].  
PC-MRI blood-flow data consists of 3D vector fields for several time points within one heart cycle. Due 
to the abundance and complexity of the data visual representation is challenging. Simplification of 
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velocity fields by means of feature extraction can help develop visualization methods that clearly show 
the anomalous flow areas. The goal of this research is to improve existing detection methods to extract 
and quantify patterns of interest in 4D MRI blood-flow data. 
A flow-pattern recognition method proposed by Heiberg et al.[2] is examined. An improvement of this 
method is proposed by expansion of the set of template patterns for comparison. This involves the 
addition of saddle-point patterns and a range of helical flow-patterns. The performance is investigated 
on several artificial and a PCMRI blood-flow data set. 
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