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1. Introduction

Sequentially segmenting contrast-filled vessels (Kirbas and Quek 2004, Lesage et al 2009, Moccia et al 2018) 
from an x-ray angiography (XCA) image sequence plays an essential role in various minimally invasive vascular 
interventions (Jin et al 2017, Ma et al 2017). The XCA image is a display of the x-ray attenuation sum along x-ray 
projection paths, and it contains various overlapped anatomical structures besides the contrast-filled vessels, 
including bones, diaphragms, and lungs. Furthermore, XCA images from low-dose x-ray imaging are seriously 
corrupted by spatially varying signal-dependent Poisson noises (Yu and Sun 2018, Zhu et al 2013), such that the 
XCA image has very low contrast and low SNR between the noises and the signals. Therefore, segmenting the 
contrast-filled 2D+t vessels from the noisy and complex backgrounds in an XCA image sequence is a challenging 
open problem in biomedical imaging.

Vessel segmentation is defined as a vessel/non-vessel pixel classifier to highlight the vessel outline, which can 
be classified into tracking-based, filter-based, model-based (Zhao et al 2017), graph-based (Kitamura et al 2016), 
and convolutional neural network- (Liskowski and Krawiec 2016) based methods. However, most methods seg-
mented the vessels from 3D computed tomography angiography, magnetic resonance angiography or a single 
2D image (Liskowski and Krawiec 2016, Vostatek et al 2017), of which there is no serious disturbance from the 
overlapped noisy background structures.

Recently, robust subspace learning has become an important topic in machine learning and biomedical 
imaging (Shi et al 2017, Tang et al 2017). Based on the fact that an image sequence can be modeled as a sum of 
low-rank and sparse components in some transform domains, robust principal component analysis (RPCA) has 
been exploited to separate a sparse outlier or detect moving objects from biomedical image sequences. Extracting 
contrast-filled vessels from the XCA images (Jin et al 2017, Ma et al 2017) via RPCA has been successfully intro-
duced for the purpose of cardiovascular disease diagnosis (Ding et al 2010). However, these RPCA-based image 
decomposition methods obtain preliminary foreground vessels with many noisy residuals.

To the best of our knowledge, this letter proposes the first work on the challenging 2D+t vessel  segmentation 
from XCA sequences by integrating low-rank and sparse decomposition into spatially adaptive  feature-preserving 
image filtering. Being different from the RPCA-based vessel extraction methods, the proposed method removes 
the spatially varying noisy residuals from the extracted contrast-filled vessels by radon-like feature-preserving 
filtering (Kumar et al 2010) and a local-to-global adaptive thresholding strategy. The refined sequential vessel 
segmentation is automatically achieved to preserve the contrast-filled vessel details and remove the spatially var-
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Abstract
This letter proposes to extract contrast-filled vessels from overlapped noisy complex backgrounds in 
an x-ray coronary angiogram image sequence using low-rank and sparse decomposition. A refined 
vessel segmentation is finally achieved by implementing a radon-like feature filtering plus local-to-
global adaptive thresholding to tackle the spatially varying noisy residuals in the extracted vessels. 
Based on real and synthetic XCA data, the experiment results demonstrate the superiority of the 
proposed method over the state-of-the-art methods.
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the vessel segmentation, we construct ten sequences of synthetic XCA images with ground truth background 
images (GTB) and vessel images (GTV). We perform a vessel extraction described in section 2.3, and remove 
some residuals manually to obtain the GTVs. The GTBs are consecutive frames selected from the real XCA data. 
According to the x-ray imaging mechanism (see section 2.2), we multiply a GTV sequence to the clean regions of 
GTBs from a different sequence to obtain the synthetic XCA data.

3.2. Experiment demonstration
The local window size of the RLF filtering (RLF filtering 2018) is set to 16 × 16. In order to find the optimal local 
parameters of Phansalkar thresholding, i.e. p, q, k , we discretize the parameter space in the range [1, 5], [1, 20] and 
[0.1, 10] respectively, and choose the best parameter values for the best segmentation performance by evaluating 
the F-measure score introduced in section 3.4. In the training experiments, choosing p = 3, q = 10, k = 1 
provides the highest F-measure score. The region size threshold ts in Phansalkar thresholding is set to 300 pixel 
size. We use the same optimal parameters as in the training experiments to test the proposed method on the test 
XCA images in subsequent experiments.

To evaluate the segmentation performance, we compared our method with four vessel segmentation algo-
rithms: the Hessian-based Frangi vesselness filter (FrangiFilter) (Frangi et al 1998, Hessian-based Frangi ves-
selness filter 2018), Coye’s method (CoyeFilter) (Tyler C 2015), Felfelian’s method (Felfelian et al 2016) and the 
MSRG (multiscale region growing) algorithm (Kerkeni et al 2016). The parameters of all these five methods are 
tuned to obtain the best results for all the sequences.

3.3. Visual analysis of the experimental results
The real XCA vessel segmentations are shown in figure 2. Due to the complex backgrounds, all the traditional 
segmentation methods detect either too few vessels or too much noise with poor performance in recognizing 
tiny vessels. Considering DECOLOR’s ability to detect moving contrasts and the effectiveness of adaptive vessel 
feature-preserving filtering, the proposed method achieved the most accurate vessel segmentation.

3.4. Quantitative evaluation of vessel segmentation
To quantitatively evaluate the performance of the vessel segmentation, we calculate the detection rate (DR), 
precision (P) and F-measure (F) using ground truth vessel segmentation. These three indicators are calculated as 
follows:

DR =
TP

TP + FN
, P =

TP

TP + FP
, F =

2 ∗ DR ∗ P

DR + P
,

 (7)
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where TP (true positives) is the total number of correctly classified foreground pixels, FP (false positives) is 
the total number of background pixels that are wrongly marked as foreground, and FN (false negatives) is the 
total number of foreground pixels that are wrongly marked as background. For a certain method, the detection 
rate indicates its power to detect more foreground pixels, precision measures the correct ratio of detection, and 
F-measure combines the detection rate and precision to indicate the overall performance of the certain extractor.

In the real XCA experiments, we manually outlined vessels of 18 images randomly selected from the corre-
sponding different sequences of the test sets as the ground truth for segmentation. Then we measured the detec-
tion rate, precision and F-measure shown in figure 3(a). For the synthetic data, the ground truths of all frames 
are acquired during the synthetic process of the GTVs. However, because the GTBs also contain some vessels, 
the extracted vessel would inevitably contain more vessels than the GTVs. Therefore, without the ground truth 

images, we only measured the detection rates of the ten synthetic sequences, as shown in figure 3(b) and table 1.
As can be seen in figure 3(a), though Felfelian’s method, which mistakes some backgrounds as foreground 

vessels, gave the highest DR, it achieved the worst for both precision and F-measure scores. However, the pro-
posed method obtained generally the highest evaluation scores for the real XCA data, and achieved the highest 
and the most stable performance for synthetic data. Compared to traditional methods, the proposed method can 
robustly detect the vast majority of the contrast-filled vessel areas.

3.5. 
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method to achieve superior segmentation performance. This algorithm generally outperforms the state-of-the-

art methods.
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