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ABSTRACT
A method was developed for extraction coronary arteries from a contiguous sequence of angiographic images. Since
coronary artery in the image usually has poor local contrast and has ribs, spine, and other tissues in the background. We
remove the background using the information of temporal continuity. A set of multi-size matched filters process to enhance
vessals from poor local contrast. The wavel et transformation based method is then employed to remove noise to enhance the
image quality. We also design a stencil mask to remove the stationary tissues further.
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1. INTRODUCTION
Accurate analysis of coronary arteries in digital angiographic images is valuable and important to clinical needs. Generdly,
coronary angiograms are gill the most common modality for physicians to accurately assess the severity of coronary arterial
stenosis. Extraction of a coronary arterial segment or entire tree from 2-D angiograms is regarded as a crucia process to
facilitate quantitative coronary anaysis.

The mgjor difficulty with the extraction of angiogram is that angiographic images usualy have poor local contrast. And the
ribs, spine, and other tissues are aso shown in the image. Traditional edge detection algorithms [1]-[6] cannot effectively
detect the edges. Furthermore, we generally need to extract the blood vessdl as whole. Previous methods to extract vessdls
include model-base [8]-[10], tracking-base [11]-[13], classifier-base [14], and filter-base [15]-[17]. A matched filter [15]
used a Gaussian vessel modd filter set for detecting blood vessels in optical images of the retina. In [14], the matched filter
was extended to two-dimension space. The extension is based on the observation that a vessdl has a fixed direction for a
short length. Since vessels may appear in any orientation, the filters were implemented using twelve 16 pixels by 16 pixels
masks for different directions. The filter was design to detect vessel with fixed diameters. The fixed diameter assumption is
fine to segment the retina since retina has almost the same vessdl size. It is more difficult to extract the coronary arties than
to extract the retina since the vessel diameters of coronary arteries are different. The diameter of primary artery is generaly
larger than the secondary artery. In this work, we present a method to segment the coronary arteries from a sequence of
angiographics images. The proposed method consists of steps of background removal, vessel enhancement, and finally the
vessd identification. In the next section, we present the method. The experimental results are shown in Section 3.

2. METHODS

The proposed methods consist of five steps. In the first step, we apply Fourier andysis in tempora to eiminate the
stationary background for a sequence of angiographic images. In the second step, a set of multiple sized matched filters is
applied to enhance the coronary arteries. Thethird step employs a wavelet transformation based method in spatial domain to
remove noise so that the coronary arteries are further enhanced. The fourth step isthe cluster anaysis. This step is designed
to remove that were difficult to remove in step 1. Since the vessels are a connected component in an angiographic image.
We use the property to design a stencil mask to remove the smaller connected components. Finaly, we apply certain
threshold value that depends on the histogram to obtain the segmented arteries.

Given a sequence of angiographic images, their Fourier transformation [18] consists of a single peak at a frequency of 0 (a
single DC term), which the stationary tissues take place in. The stationary and dow motion parts are normally ribs, spine

and other tissues, which appear in the image as background. Thus we apply Fourier transformation in temporal to remove
those stationary components.

For asequenceof T images, denoteas f (X, Y,t), the discrete Fourier transformation pair are
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We apply Eg. (1) for a sequence of angiograms. Since DC term and low frequency are the stationary background, we
multiply Eq. (1) by H (X, Y, K) asshown in Eqg. (3), a high pass temporal filter, to zero the DC term and retrench the low-

frequency terms, and then apply (2) for inverse Fourier transformation. Thus we got a sequence of images, in which the
backgrounds (like ribs and tissues) were amost eliminated.

F(x,y,k) =F(x, y,K)*H(x,y,k) 0<ks<T-1, €)
0 if k=0
where H(X, y,k) = lor<l if k20 0<k<sT-1.

We then use a matched filter to enhance arteries in the images obtained from the previous step. The details for computing
the values in a matched filter may be found in [15]. In [15], the matched filter has orientation as its only parameter. Since
we are interested in the coronary arteries that have different size, we expand the matched filter to have two parameters, i.e.,

the orientation and the sized . The proposed matched filter has twelve orientations and six 0 . There are 72 different filters
to convolute the images. An angular resolution of 15° was used in the images. Since the vessdl diameters of coronary

arteries are different, we apply six 0 for matched filters. For each orientation, the matched filters are obtained by using the
transformation.

(4)

cos@ sné
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The size of amatched filter dependson O , thelarger J the larger the dimension of filter. Fig. 1 shows a set of zero degree
match filters with different O .
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., and 6 with zero angle degree, respectively.

Fig. 1. Six matched filtersthat O are 1, 2, ..

right. The second stage also split the upper left image into four images. For subsequent stages, the upper left images are

A set of 72 such filters are convolved to the angiographic images and only the maximum of their responses is retained.
decomposed in exactly the same way to form four smaller images.

Since the filter will have its peak response only when it is aligned at an angle @ £ 90° . Thus, the filter needs to be rotated

for all possible angles, and only leave the maximum response.
noise. Real images, such as the angiographic images, contain low-spatial-frequency background, like ribs and other tissues,

and high-spatial-frequency noise. These contaminations must be filtered to minimize loss of accuracy. Thus we need to

apply previous Fourier preprocessing before match filter.
wavelet analysis to further remove the unwanted signal. Traditional pure-spatia analyses are a local transformation that

difficult to analyze global information. While frequency andysis like Fourier transforms have a serious drawback in
analysis of local information.. A filtering in frequency will cause lose the local property and cause probably severe ringing

in spatial. We always lose accuracy in spatial when we gain accuracy in frequency. Thus, we need a compromise between

spatial and frequency. Wavelet based transformation is useful for the sake of time-frequency description. The wavelet
transformations are much more local than the pure Fourier transformations. The details for wavelet transformation can be
found in [19]-[21]. In this work, we applied eight stages of discrete wavelet transformation Eq. (5) as show in Fig. 2. The
first stage of wavelet transform split the image into four quarter-size images, upper left, upper right, lower left, and low

In designing a matched filter, we assume the backgrounds have constant intensity and are contaminated by white Gaussian
After processing of matched filter we get an enhanced image that usually contains some spike and spot. Now we apply the

For asequenceof T images, denoteas f (X, Y,t), the discrete wavelet transformation pair are

©)

DWT2(f(x,y,t)) forxy 00<t<T -1,

W(x y.t)

(6)

f(x,y,1) = IDWT3(W(x,y,t)) forxy 00<t<T-1,

where DWT 2 and IDWT @ mean the eight stages of discrete wavelet transform and inverse transform, respectively.
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Fig. 2. The 2-D eight stages of discrete wavel et transformation.

Since wavel et transformations consider the spatial and frequency features. We apply Hamming window function [22]-[23]
that was shown in Eq. (7) to theimagesin wavelet.

2mn
054 +04cos
a,(n)= N -1 for 0< n< N-1, (7)

0

where N isthe number of stage of transformation in our caseiseight.

And then we apply Eq. (6) in each stage for inverse transformation. We will obtain a better vessel image with lower noise.
Thus we can preserve local features of the vessals and remove noise.

Since the vessels form a connected component in an angiographic image. The vessel in the stencil mask will form a very
large connected component. Thus, we can remove smaller connected components that are formed by ribs, tissues, and noise.

Especialy, we find the ribs are difficult to remove from Eq. (3) exactly. Though they are removed mainly, this step can
remove further. We define

0 if al f(xyt)=0
scope(x,y) = ) i for t=0,1,.. T -1 (8)
1 if thereexist f(xy,t)z0

We apply asizefilter for scope(X,y) , thus

0 if theneighbors of y.b) <th
stencil (x, y) = ! e_nelg rsof scope(x.y.t) 0 xy. 9)
1 otherwise
o M-1N-1
f(xy,t)=> > f(xyt)* stencil(x,y) for t=0,1,..T-1 (10)
x=0 y=0

We can find al connected components in the ?(X, y,1). And then we apply the size filter to filter the small-connected

components that are formed by noise and tissues. Finadly, we use a histogram of previous processed images to threshold
those images.

3. EXPERIMENTAL RESULTS
In this section, we present the results obtained by our methods. A sequence of X-Ray agiographic images that consist of 30
512x512 images is used in our experiment (Fig. 3). Fig. 4 shows one of angiographic images in the Fig. 3. Fig. 5 shows the
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result of the matched filter that is consist of 72 different filters to convolute the images. The stencil mask is shown in Fig. 3
that consists of a number of only one connected component. Using the stencil mask we can remove background. Fig.7
shows theimage in wavelet. We apply Hamming window function that was shown in Eq. (6) to theimagesin wavelet. Thus
we can preserve local features, the vessels, and remove noise. Fig. 8(a) shows one of images that were processed using basic
thresholding for comparison. Fig. 8(b) shows an examples result of our result obtained using our method. The results of a
sequence of X-ray angiographic images are shown in Fig. 9. The proposed methods were implemented on a Pentium |11 PC
under the Windows NT operating system. The overall execution time for a512x512 imageis usually less 10 minutes.

Fig. 4. An origind angiographic image.

Fig.5. The result of the matched filter Fig.6. 2-D stencil mask that black denote 0 and white denote 1.
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Fig. 7. Theimage in wavelet.

@
F|g 8. (a) Theresult of basic threshalding. (b) The result from our method
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Fig. 9. Theresults of a sequence of X-ray angiographic images
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