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Spectral Clustering of Time-Intensity Signals: Application to Dynamic Contrast-Enhanced MR Images Segmentation

In this paper, we propose to apply a spectral clustering approach to analyse dynamic contrastenhance magnetic resonance (DCE-MR) time-intensity signals. This graph theory-based method allows for grouping of signals after space transformation. Grouped

signals are then used to segment their related voxels. The number of clusters is automatically selected by maximizing the normalized modularity criterion. We have performed experiments with simulated data generated via pharmacokinetic modelling in order to demonstrate the feasibility and applicability of this kind of unsupervised approach. Index terms -Contrast agents, Image Processing, Magnetic Resonance Imaging

I-INTRODUCTION

Perfusion or Dynamic contrast enhanced magnetic resonance (DCE-MR) imaging becomes a reference tool to study precocious cancers. It involves rapid and repeated acquisition of T1W images before, during and after bolus injection of a contrast agent. The quantitative analysis is based on a pharmacokinetic model. By applying this model to the DCE-MRI data, it is possible to obtain physiologic parameters [1]. Data analysis techniques were recently investigated and showed promising results in analysing these data without any prior knowledge about parametric models. In this context, the aim is to group the voxels into homogeneous patterns sharing the same properties. 

II-METHODS

Figure 1 shows the pipeline of the method. Starting from the images, the radiologist selects a region of interest (ROI) to be analysed then the time-intensity curves ! ! ! ! ! ! ! ! ! ! ! ! are formed by converting each voxel of each frame of the sequential images into a 1D row, denoted by

! ! ! ! !" ! ! ! ! !" ! ! ! ! !"
! , where n is the total number of voxels and m represents the number of scans (i.e. number of acquisitions). Globally, the idea is to perform a classification of the curves and to group them according to their shapes. However, this step is difficult directly in the original space. Thus, the first step consists in the spectral transformation, which allows to the projected data to be easily separable. After, this transformation, a clustering using the K-Means algorithm is done and lastly a labelling is made to the clusters. A final step consists in a return back to the images space to group the voxels into homogeneous clusters. More formally, the spectral clustering algorithms typically consist of the following three basic steps: Pre-processing • Construct the graph and the similarity matrix to represent the dataset Spectral embedding • Form the associated Laplacian matrix 

  Each voxel is represented by a time-intensity curve obtained by converting each frame of the sequential images into a 1D row signal vector. The curves have similar shapes whereas their evolutions as well as their magnitudes are tissue dependent. In this paper, we investigate the use of a graph-based approach, spectral clustering, to analyze DCE-MRI timeintensity signals. Unlike classical K-means and mixture models, graph-based methods are non-parametric and do not require a priori assumptions on the size, shape or distribution of clusters [2]. The clustering finds an embedding space in which the projected data signals are linearly separable and then groups them by a classical Kmeans algorithm.
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 1 Figure 1: The DCE-MRI analysis method. Arrows indicate the processing steps.