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ABSTRACT 
Echocardiogram is one of the easiest ad widely employed 

methods that uses ultrasound to evaluate heart muscle, heart 

valves, and risk for heart disease. Heart failure (HF) can result 

from any structural or functional cardiac disorder that impairs 

the ability of the ventricle to fill with or eject blood. 

Echocardiography represents “the gold standard" in the 

assessment of left ventricle LV systolic and diastolic 

dysfunction. Left ventricular dimensions, volumes and wall 

thicknesses are echocardiographic measurements that are 

widely used in clinical practice and research. To obtain 

accurate linear measurements from the echocardiography 

accurate segmentation of the LV is essential. This paper 

proposes a method to segment the left ventricular border 

automatically on the 3-dimensional (2D+t) echocardiogram, 

where ‘t’ is the time. The 2D image is obtained by extracting 

the frames from the video of echocardiogram which is further 

processed to detect the edges of the left ventricle and finally 

the edge detected frames are converted back into video which 

will help the cardiologist to visualize the left ventricle in 

motion. The obtained results are efficient and can be utilized 

for the purpose of detecting various medical parameters. 
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1. INTRODUCTION 
Echocardiography images the heart using standard 2D, 3D 

and Doppler ultrasound [1]. The human heart is an organ that 

provides continuous blood circulation to the entire body 

through the cardiac cycle and is one of the most vital organs 

in the human body [2]. The heart is divided into four main 

chambers: the two upper chambers are called the left and right 

atria and two lower chambers are called the right and left 

ventricles [3]. The left ventricle [LV] receives oxygenated 

blood from the left atrium via the mitral valve, and pumps it 

into the aorta via the aortic valve [4]. For healthy functioning 

of the heart the LV should relax very rapidly after each 

contraction so as to fill rapidly with oxygenated blood owing 

from the lung veins. The echocardiogram allows doctors to 

diagnose, evaluate, and monitor heart related problems. An 

echocardiogram is a test that uses sound waves to create a 

moving picture of the heart [5, 6]. The picture is much more 

detailed than a plain x-ray image and involves no radiation 

exposure. An echocardiogram allows doctors to see the heart 

beating, and to see the heart valves and other structures of the 

heart. Clinical parameters such as ejection fraction (EF), left 

ventricle myocardium mass (MM), and stroke volume (SV) 

are required by the cardiologist for accurate diagnosis of heart 

related problems. Calculations of these parameters depend 

upon accurate delineation of endocardial and epicardial 

contours of the left ventricle (LV). Manual delineation is time 

consuming and tedious and has high inter-observer variability. 

Thus, fully automatic LV segmentation in echocardiogram is 

desirable. The automatic segmentation of the LV in 

echocardiogram typically faces four challenges: 1)the overlap 

between the intensity distributions within the cardiac regions; 

2)the lack of edge information. 3) The shape variability of the 

endocardial and epicardial contours and 4) the inter-subject 

variability of these factors. In this paper it is proposed to 

automatically segment the LV in parasternal short-axis view 

of the echocardiogram video without any manual intervention. 

 

2. RELATED WORK 
Accurate LV segmentation is quite difficult due to the 

presence of noise and due to the low contrast of 

echocardiograph image. Hence preprocessing of 

echocardiograph images is very important before the actual 

segmentation of LV. The work in [7] presented a wavelet-

based thresholding scheme for noise suppression in ultrasound 

images. In [8] the image is filtered by convolving with a 3X3 

Gaussian low pass filter followed by thresholding and to 

eliminate the noise morphological dilation and erosion have 

been applied. Adaptive weighted median filter (AWMF) for 

reducing speckle noise in ultrasound images is presented in 

[9] which is based on the weighted median. By adjusting the 

weight coefficients and consequently the smoothing 

characteristics of the filter according to the local statistics 

around each point of the image, it is possible to suppress noise 

while edges and other important features are preserved. The 

work in [10] combines image processing techniques with 

radial search to detect the left ventricular borders from 

echocardiograph images. The fuzzy reasoning employed in 

[11] defines edges by local image characteristics computed 

based on local statistics of the image. In this work to reduce 

the noise and to enhance the contrast of the image high boost 

filtering followed by LoG filter is carried out. The literature 

shows different methods for segmentation of LV in short axis 

views. The work in [12] uses the gray level information along 

with user defined initial contours to extract the boundary in 

the images. The method in [13] implements a probabilistic 

deformable model considering the boundary as two-

dimensional deformable object using maximum posteriori 

estimate. The work in [14] reports an interesting approach to 

detect LV boundary of short axis echocardiographic 



International Journal of Computer Applications (0975 – 8887)  

Volume 77 – No.12, September 2013 

34 

sequences using a multiple active contour model which is an 

extension to the original model proposed in [15]. A Hough 

transform technique is used in [16] to find an initial 

approximation of the object boundary at the first frame of the 

sequence then, an active-contour model is used in a coarse-to-

fine framework, for the estimation of a noisy LV (Left 

Ventricle) boundary. A texture segmentation algorithm based 

on the multi-channel filtering theory, is presented in [17]. The 

work in [18] presents a technique that incorporates the 

information on pixel velocities (optical flow) into the estimate 

of initial contour to enable tracking of fast-moving objects. 

Watershed transform and morphological operation to locate 

the region containing the LV which then performs snake 

deformation with a multi-scale directional edge map for the 

detection of the endocardial boundary of the LV is proposed 

in [19]. More recently a novel approach of combining the K-

Means clustering algorithm for segmentation and active 

contour model for boundary detection was proposed in [20]. 

In this work of mathematical morphology and connected 

component labeling are used to segment the LV in short axis 

view echocardiography. 

 

3. METHODOLOGY 
The block diagram of the proposed work is shown 

inFigure1.The Echocardiogram video is given as input to the 

system and is converted to frames which are then subjected to 

further processing. 

Figure 1: The proposed system. 

The extracted frame is shown in Figure 2. The noise reduction 

and contrast enhancement operations are performed as a 

preprocessing step to highlight the region of interest namely 

the left ventricle. Preprocessing filters namely high boost 

filter and Laplacian of Gaussian (LoG) filters are applied to 

reduce noise and increase contrast in the individual frame 

extracted from video. It is often desirable to emphasize high 

frequency components representing the image details without 

eliminating low frequency components. 

 

 
 

Figure 2: The extracted frame 

 

 
In this work the high-boost filter is used to enhance high 

frequency component while still keeping the low frequency 

components. 

 

Table 1: PSNR values of denoising filters 

 

                                                                

If original is multiplied by an amplification factor A, a 

high boost image will result. 

 

                                                        

 

                             

                                            

 

                                           

 

The high boost filtered image is shown in Figure 3. Laplacian 

filters are second order derivative filters used to find areas of 

rapid change (edges) in images. Since second order derivative 

filters are very sensitive to noise, it is common to smooth the 

image (e.g., using a Gaussian filter) before applying the 

Laplacian. This two-step process is calling the Laplacian of 

Gaussian (LoG) operation. 

 

Denoising 

method 

PSNR Reference 

LP transform 

based 

despeckling 

method 

28.44 [22] 

WT-L3-ST (bior 

6.8) 

29.14 [22] 

Wiener (3x3) 32.14 [22] 

High boost filter 

 

33.16 proposed 
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Figure 3: The high boost filtered image 

 

Step1: 

 

First the image is smoothened using Gaussian operator 

           
      

   
                       

Where σ represents standard deviation, 

Step2: 

Then Laplacian operator is applied 

                                                         

Laplacian      
     

  
     

   

   
                        

 

Figure 4: LoG applied image. 

Where the image is basically uniform, the LoG filter will give 

a response of zero. Wherever a change occurs, the LoG will 

give a positive response on the darker side and a negative 

response on the lighter side of the edge. Figure 4. shows the 

LoG operated image. Table 1 shows a comparison of PSNR 

values for various filters used in the literature. It can be seen 

that high boost filter gives better PSNR when compared to 

other filters. The next step is segmentation of the LV. Figure 5 

shows the steps included in segmentation process. 

 

 
Figure 5: steps of segmentation process. 

 

As the initial step morphological closing is performed in order 

to obtain the cardiac cavity as shown in Figure 6 (a). Next 

connected-component labeling is applied to obtain the 

connected regions as shown in Figure 6 (b). 

 

 
Figure 6: (a) Morphological closing, Fig (b) Connected-

Component labeling. 

 

Connected-component labeling works by scanning an image, 

pixel by pixel (from top to bottom and left to right) in order to 

identify connected pixel regions, i.e. regions of adjacent 

pixels which share the same set of intensity values V [21]. 

The candidate region that is the LV is obtained by discarding 

those components less than 4000 pixels and greater than 

65000 pixels. These values were found empirically and this 

works fine for all short axis echocardiogram images. The 

detected LV region is shown in Figure 7. Boundary detection 

and boundary linking is performed after LV detection as 

shown in Figure 7(b). Next step is superimposing the 

boundary detected image with original image. In the final step 

boundary detected individual frames are transformed into 

echocardiogram video as shown in Figure 8. The 

reconstructed video shows the left ventricle highlighted and 

this helps the cardiologist to visualize the left ventricular 

motion during a cardiac cycle. 
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Figure 7: (a) segmented LV, Fig. (b) After boundary 

linking. 

 

 
 

Figure 8: Frames reconstructed back to video 

 

4. CONCLUSION 
In this paper a method for automatic border detection in left 

ventricle was proposed using the classic techniques of 

mathematical morphology and connected component labeling. 

The left ventricular motion over a complete cardiac cycle was 

provided by the proposed algorithm. The accuracy of the 

proposed method was ascertained by the cardiologist. When 

compared to manually segmented LV by the cardiologist the 

proposed algorithm is accurate in automatically segmenting 

the left ventricle in parasternal short axis view 

echocardiography. The variations observed in manual border 

delineations were eliminated by the proposed method. Hence 

the proposed method can be very effectively used in LV 

segmentation. 
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