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Abstract - The coronary heart disease is one of the major problems for the people aged above 40 years 

nowadays. This is happening because of the blocks formed in the blood vessels due to fat deposits in the vessels. 

Angiography is technique which is used to identify the blocks in the vessels by visualizing inside the lumen of the 

heart. The angiographic images are obtained by a technique called X-ray angiogram or CT angiogram in the form of 

DICOM (Digital Imaging and Communications in Medicine) images. Currently the identification of blocks in the 

vessels is done manually by the doctors. There exists a need for the automation tool to identify the blocks in the 

blood vessels of the heart to help the doctors. This is paper presents an algorithm for the segmentation of vessels 

which is a first step in the in the process of identifying the blocks. BitCon (Bithresholded Connected) algorithm is 

proposed in this paper to identify the vessels from the DICOM image. The proposed method is experimented on 22 

patients’ dataset. The performance of the proposed method was evaluated by comparing the segmented images with 

the hand-labelled ground truth images given by the experts. The proposed method provides an accuracy of 98.36% 

on average. 
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I. INTRODUCTION 

The coronary heart diseases are identified by the symptoms such as chest pain. This is happening because 

of the fatty deposits in the coronary arteries due to various reasons such as cholesterol, smoking, change of food 

style, hereditary etc,. This reduces the blood flow into the heart which leads to serious problems like heart attack. 

ECG(ElectroCardioGram) is the first step in finding out any abnormalities in the heart. If there is any symptoms in 

ECG then angiogram will be done. It is necessary to analyse the blood vessels from angiographic images for 

diagnosing purpose. A variety of medical imaging techniques such as X-ray angiography, computed tomography 

(CT) angiography and magnetic resonance imaging (MR) angiography are capable of obtaining data on vascular 

structure. X-ray angiograms are the series of x-ray images that are displayed as a sequence. The arteries are invisible 

to the X-ray. To make the arteries visible a dye (contrast) is injected into the vessels. In the proposed work X-ray 

angiograms were used. The separation of vessels from the background image is an important step in the process of 

identification of blockages in coronary artery. This is accomplished with the help of segmentation process. In the 

following sections previous related works were discussed and then the segmentation process and algorithms were 

discussed and in last section results were evaluated. 

 

II. REVIEW OF LITERATURE 

Daniel S.D. Lara1 et.al.[1]  presents a method for segmentation of the coronary vessels in angiograms. This 

paper discusses combines approach of region growing and differential geometry for segmentation. This method 

gives overall accuracy of 90% in identifying the coronary vessels. 

Maryam et. al.[2] proposed an active contour model for vascular segmentation by defining a new, local, 

feature fitting, energy function. Hessian-based framework is used for filtering. The filtered output, as a feature, 

expresses the degree of the correspondence of each pixel to the vessel structure. The method is applied for coronary 

X-ray angiograms.  

Sohini Roychowdhury et.al.[3] presents a three stage segmentation method. This method is applied for 

blood vessel segmentation of retina images. The image is preprocessed and two binary images are extracted out of 

the input image. One binary image is obtained by high pass filtering. Another binary image is obtained by 

morphological reconstruction. The regions common to both the images are classified as blood vessels. The proposed 

algorithm achieves an accuracy of 95.2% in vessel segmentation. 
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Yin Wang et.al.[4] presents an segmentation method for 3D CT angiograms based on active-contour 

method which considers both global and local intensity information for energy calculation. Bayesian probabilistic 

framework is used for the implementation of this method. Segmentation results are computed for both synthetic and 

real images. Four metrics are used for comparison, True positive(TP), False Positive(FP), False Negative(FN) and 

Overlapping metric(OM). The method proposed here gives the better performance compared to the existing 

methods. 

Marco Boegel et. al.[5] proposed a method which is based on global thresholding and local adaptive 

segmentation techniques. It gives the accuracy of 98% in case of larger vessels and 89% in case of smaller vessels. 

Harsha P. Jawale et al.[6] presents a segmentation method using morphological operations. Initially the 

image is preprocessed with Top hat operator which is used to enhance the contrast of the image. The preprocessed 

image is segmented by morphological close operation. After segmentation the coronary vessels are extracted by 

thresholding technique. To evaluate the performance of the algorithm Jaccard index is used. Lowest Jaccard Index 

of 0.077 is obtained using this method. 

Meng Li, Huiguang He et al.[7] presents a method to detect the coronary vessels in CT angiograms. Otsu 

threshold and superpixel clustering method is used for image reconstruction. Then graphcut segmentation method is 

used to detect the boundaries of vessels. Top hat filtering method is used to extract the vessels from the image. The 

method described here works well if the images are having enough contrast in the region of interest i.e. vessels.  

Shan Wang et al.[8] proposed a two step method for segmentation of coronary angiograms. In the first step 

image enhancement is done by multi-scale filtering technique using Hessian matrix. Then the second stage involves 

the use of region growing algorithm for the extraction of vessels from the enhanced image. This method has the 

advantage of extracting small and distal vessels because of multi-scale filtering technique. 

Masoomeh Ashoorirad et al. [9] proposed a method which involves Preprocessing, Fuzzy logic and 

morphological operations. Four linear filters are used such as horizontal sobel filter, vertical sobel filter, high pass 

filter and low-pass filter. These filters are applied to the Input image and four binary images are generated. These 

images are given as input to Fuzzy Inference System. Based on the Fuzzy inference rules the pixels are classified as 

vascular or non-vascular. Then applying the morphological operators the vessels are extracted. 

Kaiqiong Sun et al.[10] proposed a method to segment the vessels using local region based active contour 

model with morphological fitting energy. This method is also suitable for the images with intensity inhomogeneity. 

Preprocessing and postprocessing are not required for this method. This method is suitable for different kind of 

vessels like single vessel, branch vessels and vessels with different dimensions. 

M. Ghalehnovi et al.[11] presents a fuzzy level set method for the segmentation of coronary vessels in 2D 

X-Ray angiography. Initial contour is formed by fuzzy clustering and thresholding. Segmentation is done by 

LMF(Local Morphology Fitting) level set method. 

Yuxi Lian et al.[12] proposed a global and iterative local thresholding for the nidus and vessel 

segmentation in DSA images. The original image is divided into number of subimages. Using Otsu’s method pixels 

in each subimage are classified into two classes based on threshold. Then using the variance of the subimages, the 

third class of pixels are formed, which is again classified using iterative process. 

R. GeethaRamani et al.[13] proposed a method which combines image processing and data mining 

techniques. The preprocessing step involves image cropping, color transformation, color channel extraction, contrast 

enhancement, gabor filtering and halfwave rectification. A feature vector is obtained as output of preprocessing. 

Principle component analysis is performed on feature vector. Then K-means clustering is used to extract the blood 

vessels. The segmented image is post processed by morphological operations. This method is validated on DRIVE 

database and it gives an accuracy of 95%.  

Mahmoud Ramze Rezaee et al[14] proposed Pyramidal Segmentation and Fuzzy clustering which gives the 

correlation coefficient of 0.94 which is better compared to 0.79 obtained by fuzzy c-means algorithm without 

pyramidal segmentation. 

III. MATERIALS AND METHODS 

The process of finding the blockages in the coronary vessels involves an important step called 

segmentation. The segmentation process extracts the vessels from the coronary angiograms. The segmentation 

process is given in Fig.1. From the given input image the contrast of each channel of the image is calculated. The 

channel Red(R) or green(G) or Blue(B) which is having high contrast is selected for further processing. The selected 

image is normalized to distribute the images intensity across the entire range. Then the normalized image is passed 

to the invert function which reverses the intensities of the entire image to make the vessels to appear in white colour 

which helps to easily identify the vessels. Then Top-hat transform is applied to the resultant image to enhance the 

vessels. The enhanced image is then segmented by BitCon(Bithresolding Connected) algorithm method. In this 

algorithm two thresholds are used. One threshold is used to identify the vessels and background separately. Then the 

second threshold is applied to construct the missing blood vessels. The algorithm for the segmentation is given in 
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Fig.1.The proposed algorithm was tested on 22 patients’ datasets and achieves segmentation accuracy as given in 

Table1. 

 

 
 

Fig.1 Segmentation of coronary vessels from angiographic images 

 

The algorithm BitConSegment reads the image D in DICOM format which is series of images as sequence. The 

images J1,J2, .. Jn are extracted frame by frame as a single image. Then the extracted images are passed as input to 

the BitCon algorithm for segmentation.  

ALGORITHM - BitConSegment 

1. Read input Dicom image D  

2. Extract the images J1, J2, .., Jn from D 

3. Initialize i1 

4. Repeat the following until i reaches n value 

a. InputJi 

b. output[i] = BitCon(Input) 

c. i=i+1 

5. write output DICOM image from the array of output images. 

BitCon(Input) 

1. IInput 

2. n(x,y) (I(x,y)-min(I)/(max(I)-min(I)))*255 

3. in(x,y)255-n(x,y) 

4. open(x,y)in(x,y)s 

5. sub(x,y) in(x,y)-open(x,y) 

6. if sub(x,y)>strongthresold  then  

assign sub(x,y) to vessel 

7. else if sub(x,y)<weakthresold  then 

Input angiographic images

Channel selection

Nomalize the image

Apply Tophat transform

BitCon algorithm  for segmentation

Segmented vessels
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assign sub(x,y) to background 

8. else 

a. if sub(x,y) is closer to the vessel the connect to vessel using connected 

components 

b. else assign sub(x,y) to background 

 

The BitCon algorithm reads the image, select the channel which is having high contrast and normalize the 

image, invert the image and then apply tophat transform for enhancement. The two thresholds strong threshold and 

weak threshold are found out from the enhanced image. If the pixel intensity is more than the strong threshold then it 

is confirmed that it belongs to vessel. If the pixel intensity is less than the weak threshold then it is confirmed that 

the pixel belongs to background. If the pixel intensity is in between the strong and weak threshold then the pixel is 

connected to vessel if it is adjacent to vessel. Otherwise it is identified as background. 

A. Channel Selection  

The images extracted from X-ray angiogram is passed as an input to the proposed system. The channel with a 

maximum contrast will help in the detection of blood vessels in angiographic images. Therefore among the Red, 

Green and Blue channels the channel which consists of more graininess passed as an input. Hence the contrast of 

each channel was calculated to select the channel for further processing. The contrast of each channel is measured 

by low pass filtering using Weiner filter.  

B. Normalization 

The selected channel image is passed as an input to the normalization process where the image intensity is 

evenly distributed across the range. As a result of this the contrast of the image is stretched. 

𝑛(𝑥, 𝑦) =
I x,y −min (I)

max  𝐼 −min(𝐼)
∗ 255                        ....(1) 

Normalized image is obtained by applying the above formula for each pixel in the image, where n(x,y) is the 

normalized pixel value, I(x,y) is the original pixel value, min(I) is the minimum intensity of the image, max(I) is the 

maximum intensity value of the image.   

C. Invert Image 

 The normalized image is then inverted to reverse the colors. This will enhance the vessels and helpful for 

segmentation process. The inversion of image is done by subtracting the intensity of each pixel from the maximum 

pixel value supported for that image type. 

in(x,y) = 255-n(x,y)            ….(2) 

where n(x,y) is the normalized image pixel intensity and in(x,y) is the inverted pixel intensity. 

D. Top Hat transformation 

Top-hat transform is used to enhance the small vessels from the inverted image. It produces the output by 

subtracting opening of the input image from the input image itself. The opening of image is done with the help of a 

structuring element. 

 

0 0 1 1 1 1 1 0 0 

0 1 1 1 1 1 1 1 0 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

0 1 1 1 1 1 1 1 0 

0 0 1 1 1 1 1 0 0 

 

Fig 2. Structural Element use for tophat transformation 
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open(x,y)=in(x,y)s    …(3) 

sub(x,y)=in(x,y)-open(x,y)    …(4) 

where open is opening of inverted image by structuring element s, in is the inverted image, s is the structuring 

element. sub is the difference between the inverted image and opening of an image. The structuring element used in 

this process is of disc shape of size 5. 

E. BitCon Algorithm 

In normal thresholding method only one threshold value is used to classify the pixels in the image. The BitCon 

algorithm proposed here uses two threshold values. The standard method of thresholding reads the image and 

changes the pixels less than the threshold value to black, and pixels above the threshold value to white. The BitCon 

algorithm uses a two threshold values, strong and weak threshold. Pixels above the strong threshold are marked as 

blood vessels and changed to white. Pixels below the weak threshold are marked as background and changed to 

black. The pixels which are in between weak and strong threshold are reconsidered again. The pixels which are 

nearer to vessels are then checked and connected to vessels and changed to white. If the pixels are far away from the 

vessels then it is marked as background and changed to black in colour. 

 Accurate segmentation is achieved with the help of conditional pdfs (probability density functions). The 

threshold values are computed by two different methods which are hypothesis testing and empirical method. 

Hypothesis testing calculates the strong threshold by using a class conditional pdf (probability density 

function) with the use of a significance level test. 

 𝑝 𝑥 𝑏 = 𝑙
𝑠𝑡

−∞
      ....(5) 

where st is strong threshold, x is intensity of pixel, b indicates background class, , l is the level of  significance. If 

the intensity of pixel under consideration is less than the strong threshold then the probability that the pixel belongs 

to background class is very less. So the current pixel must belong to the vessel class.  

The weak threshold is computed using the vessel class conditional pdf. The pixel under consideration is 

hypothesized that it is a vessel pixel. 

 𝑝 𝑥 𝑣 = 𝑒
∞

𝑤𝑡
            …(6) 

where wt is weak threshold, x is intensity of pixel, v is vessel class, , e is the error probability. If the intensity of 

current pixel is above the weak threshold then the probability that the pixel belongs to vessel class is very small. So 

the pixel must fit into the background class.  

The conditional pdfs (probability density functions) necessary to compute the thresholds can be estimated 

by the following equation 

𝑃 𝑥 𝑦 =
1

𝑁𝑦
 𝐺(𝑥 − 𝑥𝑖)

𝑁𝑦

𝑖=1
         …(7) 

where Ny is the number of available samples xi  for class y and G is the Gaussian kernel function given by 

𝐺 𝑧 =
1

 2𝜋ℎ
𝑒
− 𝑧2

2ℎ2                         …(8) 

where h is the size of an interval with midpoint x. This procedure of threshold calculation is more flexible and the 

thresholds remain practically always in the vessel range if the parameter h is properly chosen (empirically h< 5 ). 

 

IV. RESULTS AND DISCUSSION 

The input images for segmentation were collected from Chettinad Health City, Chennai. The input images 

and the respective segmented images are given in Fig.3. The proposed algorithm was tested on 22 patients’ datasets .  

The proposed method is valuated based on three factors sensitivity, specificity and accuracy. Sensitivity is 

calculated as the ratio of number of vessels correctly identified to the total number of pixels that originally belongs 

to vessels. 

sensitivity =
𝑇𝑃

𝑁
               … (9) 

where TP is the numbers of pixels identified correctly as vessels and N is the total number of pixels originally 

belong to vessels in the ground truth images provided by experts. 
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Fig.3 input images and segmented images 

Specificity is calculated as the ratio of number of pixels that are correctly identified as background to the number of 

pixels originally belong to background. 

specificity =
𝑇𝑁

𝑁
                       …(10) 

where TN is the numbers of pixels identified correctly as the background and n is the total number of background 

pixels. 

Accuracy of segmentation is computed as the fraction of sum of true positive and false positive to the sum of true 

positive, true negative, false positive and false negative. 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑃+𝐹𝑃

𝑇𝑃+𝑇𝑁+𝐹𝑃+𝐹𝑁
       …(11) 

 

TABLE 1 Performance valuation 

Image Sensitivity(%) Specificity(%) Accuracy(%) 

Dataset 1 97.63 98.23 98.13 

Dataset 2 98.32 98.04 98.22 

Dataset 3 98.04 98.78 98.46 

Dataset 4 98.45 98.69 98.57 

Dataset 5 97.89 98.14 98.45 

 

From the above table it is clear that the algorithm provides consistent values for the accuracy of the segmentation of 

coronary vessels and it performs better than the existing algorithms. 

V. CONCLUSION 

This paper presents a novel automated method to identify the blood vessels in the angiograms. This process 

helps the doctors to identify the blockages in the coronary vessels. The algorithm was tested on 22 patients’ datasets 

and it gives an average accuracy of 98.36% which is better than the existing algorithms discussed in the Review of 

Literature. The future work focuses on identifying the blockages in the vessels based on the outputs obtained by this 

algorithm.  
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