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Abstract 
 
Cardiac relaxation and contraction of magnetic resonance images for 

segmenting the right ventricle with small changes in signal intensities has 

been difficult. Thin wall myocardium of the right ventricle (RV) has been 

analysed by selecting the region of interest separating the Epicardial and 

Endocardial contour. The input image measures such as area, perimeter, 

major and minor axis for respective cardiac cycle are calculated. 

Computational processing of algorithm is being carried out by using nuclear 

morphology where either right ventricle or the right ventricle along with the 

myocardium is segmented with nuclear image segmentation threshold 

incorporating bounding boxes, ellipse and ellipse radius. Thus discriminating 

the RV and myocardium with certain number of cardiac cycle provides 

imaging markers which are calculated for individual image with numerical 

values on a nuclei scale.  
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1 Introduction 
 

The anatomical features for image acquisition and fusion can be through 

asynchronous and synchronous methods. Asynchronous method denotes the 

different times of acquisition on images with dual modalities, whereas 

synchronous method denotes same time of acquisition on images with dual 

modalities [5].The right ventricle excess filing can lead to inferior vena cava 

collapse. Hence a dilated right ventricle should be distinguished from normal 

right ventricle. Ejection fraction of right ventricle tends to monitored at key 

points in cardiac cycle at end systole and end diastole. This variation of 

signal can be obtained by using CINE MRI considering the heart muscle by 

separating Endocardial and Epicardial borders [6].  The structure of right 

ventricle is one of the important metrics for cardiac resynchronization, left 

ventricular offset and failure [15].  The right ventricle muscular wall varies 

between 3 to 5 mm without “trabeculations” [16]. In the presence of 

“trabeculations” the muscular wall thickness varies seen in CT and MRI 

modules [17]. 

The two categories of shape modelling with cardiac segmentation can be 

“image driven” or “model driven”. Image driven approaches focus upon 

single image or a series of single image which mathematically determine 

segmentation process. Model driven approaches focus on multiple images 

with large set of images with prior knowledge [12]. Model based imaging or 

precision imaging which bridges the gap between medicine and object 

imaged can provide descriptive information [7]. Nuclear morphology of the 

irregular dimension can be measured in line with “single nuclear regularity 

index” [18].  

The paper is organised as follows section 2 deals with respiratory models 

and MRI imaging modules. Section 3 deals with proposed system using, 

section 4 results and discussion with RV images and Image software 

incorporated with “Nuclear Irregularity Index”. Section 5 consolidates the 

work. 
 

2 Related Works 
 

Acquisition of medical images is difficult due to respiratory motion, even 

the breath holding techniques are not sufficient with limited intervention 

time. Hence, the review on imaging techniques focused on modelling the 

motion estimates with surrogate data as input. The breathing pattern has been 

based  
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on two types “Intra-cycle variation” changes within single breathing cycle 

and “Inter-cycle variation” changes with subsequent breathing cycles [3].  

Annotated Landmarks play a vital role in determining the anatomical 

structures of organ inside a medical image for determining the shape of organ 

[2]. 

Real time motion of cardiac images with magnetic resonance signal has 

been observed with scattering matrix. The study with systole function shows 

higher variability than the electrocardiogram [4]. Important feature extraction 

associated with “right ventricle cavity volume at End diastole”, “right 

ventricle ejection fraction less than forty percentage”, “Radius motion 

disparity” and “thickness motion disparity”. The first step is classifying the 

normal subject from abnormal subject is by estimating the “right ventricular 

abnormality” [11]. Large motion difference occurs in a CMR video between 

end diastole and reference image of end systole which is fed into an encoder. 

Thus the mapping function is provided with appropriate index for motion 

tracking [13].  

 
3 Proposed System 
 

Right ventricle delivers the low oxygen blood to lungs which then 

supplies the left atrium with high oxygen blood to be pumped to whole body. 

Any change in right ventricular dimension will results in entire mismatch in 

cardiac cycle. Prevalence of right ventricle dimension during end diastole 

and end systole has to be considered to differentiate normal morphology to 

abnormal morphology. The automatic segmentation is difficult as 

myocardium varies from patient to patient, as well as anatomical point of 

view. The difficult in cardiac image acquisition is because heart is moving 

through cardiac cycle whereas lungs are moving with respiratory cycle. Self-

gating technique has to be done to achieve images with high spatial and 

temporal resolution [14]. 

Dimension of right ventricle varies two to three times in terms of 

functional parameters when compared to left ventricle [8]. MRI image 

discussion on short axis of right ventricle has been 3-6 times smaller than left 

ventricle making less spatial resolution [9].Considering the single time point 

within the respiratory cycle cannot result in appropriate diagnosis and pair-

wise registration of respiratory cycle is needed [10]. 

In the cardiac image in DICOM format is being converted it into an 8 bit 

image and the Right ventricle localization has been carried out by selecting 

the region of interest available within the cardiac image. From the Manual 

measures of Region of Interest along Epicardium and RV, Region of Interest 

along Endocardium and calculation of with myocardium is done.  

Subsequently major and minor axis is also calculated for the ROI in 

Epicardium and Endocardium. Using the simulation softer Open the Imagej 

plugin Nuclear Irregularity Index and Assign the minimum area and 

maximum area in pixels within a nucleus to be considered.  
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Alter the Nuclei Intensity Segmentation Threshold with discrete value to 

segment the right  ventricle or right ventricle with myocardium area and 

Visualize the output each nucleus marking by selecting Bounding boxes, 

Ellipse and Ellipse   Radius.  Finally, Measure the marking of nucleus using 

“Aspect”, “Radius Ratio”, “Roundness both border and ellipse”, “Perimeter 

both border and ellipse” and Aspect equivalent to ellipse. 

Important feature extraction associated with “right ventricle cavity 

volume at End diastole”, “right ventricle ejection fraction less than forty 

percentage”, “Radius motion disparity” and “thickness motion disparity”. 

The first step is classifying the normal subject from abnormal subject is by 

estimating the “right ventricular abnormality”. Large motion difference 

occurs in a CMR video between end diastole and reference image of end 

systole which is fed into an encoder. Thus the mapping function is provided 

with appropriate index for motion tracking. Measurement parameters used in 

the analysis of cardiac images to be found for the parameters as Aspect, 

Radius ratio, Perimeter Border (PB), Perimeter Ellipse (PE), Roundness 

(Border), Roundness (Ellipse), Maximum Radius, Minimum Radius, Aspect 

Equivalent Ellipse with various values.   

 

3.1 Objective 
 

The objective is to find the right ventricular chamber structure and 

myocardium wall in the respective images. 

 

3.2 Right Ventricle Nuclear Morphological Information 
 
Step 1, the cardiac image in DICOM format is being converted it into an 8 

bit image. 

Step 2, Right ventricle localization has been carried out by selecting the 

region of interest available within the cardiac image. 

Step 3, Manual measures of Region of Interest along Epicardium and RV, 

Region of Interest along Endocardium and calculation of with myocardium is 

done. Subsequently major and minor axis is also calculated for the ROI in 

Epicardium and Endocardium. 

Step 4, Open the Imagej plugin Nuclear Irregularity Index. 

Step 5, Assign the minimum area and maximum area in pixels within a 

nucleus to be considered. 

Step 6, Alter the Nuclei Intensity Segmentation Threshold with discrete 

value to segment the right  ventricle or right ventricle with myocardium area. 

Step 7, Visualize the output each nucleus marking by selecting Bounding 

boxes, Ellipse and Ellipse   Radius.   

Step 8, Measure the marking of nucleus using “Aspect”, “Radius Ratio”, 

“Roundness both border and ellipse”, “Perimeter both border and ellipse” 

and Aspect equivalent to ellipse. 
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4 Results and Discussion 
 

The cardiac images taken for the challenge include the right ventricular 

segmentation challenge where manual contour are present for end systole and 

end diastole in green and red color respectively [1]. Right ventricle is thin 

walled making it difficult to differentiate with signal intensities comparing it 

to myocardium. However labelled images are being used in this work from 

MICCAI 2012 segmentation of RV. A single patient image has been taken 

without manual contour and with manual contour represented from which the 

ventricular structure and myocardium are analysed in cardiac cycle. Six 

diastole images and four systole images are being considered for subsequent 

analysis. 

 

Table 1 Metadata of patient details and software used 

Imaging Mode Patient Details Software Used 

Magnetic resonance 

“Short axis slices for end 

diastole and End Systole 

has been used 

Weight:89 Age:60 ImageJ 

 

Table 2 Measurement parameters used in the analysis of cardiac images 

 

Aspect  Ratio in-between nucleus major axis and nucleus minor axis  

Radius ratio  Ratio in-between maximum and minimum radius of object.  

Perimeter 

Border (PB)  

Perimeter calculated using nucleus border. 

Perimeter 

Ellipse (PE)  

Perimeter calculated using nucleus as ellipse.  

Roundness 

(Border)  

Roundness (Border) = (PB)
2
/ 4 x π x Area of Nucleus 

Roundness 

(Ellipse)  

Roundness (Ellipse) = (PE)
2
/4 x  π  x Area of Nucleus  

Maximum 

Radius  

Maximal distance between the centroid to border of nucleus  

Minimum 

Radius  

Minimal distance between the centroid to border of nucleus  

Aspect 

Equivalent 

Ellipse  

 

Ratio between radius of ellipse to the same area of the nucleus. 
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Figure 1 Nuclear image segmentation of cardiac image 1 with bounding box, ellipse 

and ellipse radius 

 

Table 3 Endocardial border along with right ventricle chamber represented as in the 

figure 1 

Aspect  2.83757 

Radius ratio  12.049 

Perimeter Border (PB)  1460 

Perimeter Ellipse (PE)  709.19 

Roundness (Border)  41.55 

Roundness (Ellipse)  9.8 

Maximum Radius  14.56 

Minimum Radius  175.44 

Aspect Equivalent Ellipse  23.68 

Maximum Nuclei Area 900 

Minimum Nuclei Area 6000 

Nuclear Image Segmentation Threshold  46 

 

 
 

Figure 2 Nuclear image segmentation of right ventricle cardiac image 2 with 

bounding box, ellipse and ellipse radius 
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Table 4 Endocardial border along with right ventricle chamber represented as in the 

figure 2 

Aspect  2.7775 

Radius ratio  4.03 

Perimeter Border (PB)  1213 

Perimeter Ellipse (PE)  607.4 

Roundness (Border)  52.45 

Roundness (Ellipse)  13.15 

Maximum Radius  35.11 

Minimum Radius  141.76 

Aspect Equivalent Ellipse  28.288 

Maximum Nuclei Area 900 

Minimum Nuclei Area 6000 

Nuclear Image Segmentation Threshold  65 

 
Figure 3 Nuclear image segmentation of right ventricle and myocardium cardiac 

image 3 with bounding box, ellipse and ellipse radius 

Table 5 Myocardium border along with right ventricle chamber represented as in the 

figure 3 

Aspect  5.02 

Radius ratio  14.42 

Perimeter Border (PB)  2291 

Perimeter Ellipse (PE)  584.08 

Roundness (Border)  97.47 

Roundness (Ellipse)  6.33 

Maximum Radius  144.97 

Minimum Radius  10.04 

Aspect Equivalent Ellipse  5.028 

Maximum Nuclei Area 900 

Minimum Nuclei Area 6000 

Nuclear Image Segmentation Threshold  81 
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Figure 4 Nuclear image segmentation of right ventricle cardiac image 4 with 

bounding box, ellipse and ellipse radius 

 

 

 

Table 6 Right ventricle border along with right ventricle chamber represented as in 

the figure 4 

Aspect  2.75 

Radius ratio  4.94 

Perimeter Border (PB)  1242 

Perimeter Ellipse (PE)  587.01 

Roundness (Border)  53.86 

Roundness (Ellipse)  12.03 

Maximum Radius  28.23 

Minimum Radius  139.60 

Aspect Equivalent Ellipse  26.86 

Maximum Nuclei Area 900 

Minimum Nuclei Area 6000 

Nuclear Image Segmentation Threshold  81 

 

 
Figure 5 Nuclear image segmentation of right ventricle cardiac image 5 with 

bounding box, ellipse and ellipse radius 

 
 
J K Periasamy et al 9914



                                                                                                                  
 

 

 

Table 7 Right ventricle border along with right ventricle chamber represented as in 

the figure 5 

Aspect  3.33 

Radius ratio  5.96 

Perimeter Border (PB)  51.89 

Perimeter Ellipse (PE)  12.09 

Roundness (Border)  51.89 

Roundness (Ellipse)  12.09 

Maximum Radius  23.40 

Minimum Radius  139.70 

Aspect Equivalent Ellipse  27.71 

Maximum Nuclei Area 900 

Minimum Nuclei Area 6000 

Nuclear Image Segmentation Threshold  81 

 

 
Figure 6 Nuclear image segmentation of right ventricle cardiac image 6 with 

bounding box, ellipse and ellipse radius 

Table 8 Right ventricle border along with right ventricle chamber represented as in 

the figure 6 

Aspect  2.63 

Radius ratio  26.84 

Perimeter Border (PB)  1536 

Perimeter Ellipse (PE)  687.96 

Roundness (Border)  34.19 

Roundness (Ellipse)  6.86 

Maximum Radius  6.40 

Minimum Radius  171.86 

Aspect Equivalent Ellipse  16.90 

Maximum Nuclei Area 900 

Minimum Nuclei Area 6000 

Nuclear Image Segmentation Threshold  81 
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Figure 7 Nuclear image segmentation of cardiac image 7 with bounding box, ellipse 

and ellipse radius 

 

 

Table 9 Right ventricle border along with right ventricle chamber along with 

myocardium represented as in the figure 7 

Aspect  3.49 

Radius ratio  14.07 

Perimeter Border (PB)  2100 

Perimeter Ellipse (PE)  558.71 

Roundness (Border)  89.77 

Roundness (Ellipse)  6.35 

Maximum Radius  9.84 

Minimum Radius  138.6 

Aspect Equivalent Ellipse  15.44 

Maximum Nuclei Area 900 

Minimum Nuclei Area 6000 

Nuclear Image Segmentation Threshold  82 

 

 
Figure 8 Nuclear image segmentation of right ventricle cardiac image 8 with 

bounding box, ellipse and ellipse radius 
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Table 10 Endocardium border along with right ventricle chamber represented as in 

the figure 8 

Aspect  3.68 

Radius ratio  43.96 

Perimeter Border (PB)  46.884 

Perimeter Ellipse (PE)  4.55 

Roundness (Border)  46.884 

Roundness (Ellipse)  4.55 

Maximum Radius  2 

Minimum Radius  87.92 

Aspect Equivalent Ellipse  11.28 

Maximum Nuclei Area 900 

Minimum Nuclei Area 6000 

Nuclear Image Segmentation Threshold  65 

 

 
Figure 9 Nuclear image segmentation of cardiac image 9 with bounding box, ellipse 

and ellipse radius 

 

Table 11 Epicardial border along with right ventricle chamber represented as 4 in the 

figure 9 

Aspect  2.57 

Radius ratio  9.02 

Perimeter Border (PB)  1837 

Perimeter Ellipse (PE)  483.33 

Roundness (Border)  71.155 

Roundness (Ellipse)  4.925 

Maximum Radius  13.15 

Minimum Radius  118.66 

Aspect Equivalent Ellipse  11.72 

Maximum Nuclei Area 900 

Minimum Nuclei Area 6000 

Nuclear Image Segmentation Threshold  80 
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Figure 10 Nuclear image segmentation of cardiac image 10 with a segment of 

myocardium 

 
Figure 11 Nuclear image segmentation of cardiac image 10 with bounding box, 

ellipse and ellipse radius 

 

The NII based plugin shows that 9 out of 10 images within a scale of 

minimum and maximum nuclei area segments the RV or RV with 

Endocardial and Epicardial border using Nuclear image segmentation 

threshold. Nuclei Insertion Intensity in all images has been fixed. Figure 1 to 

11 and table 1 to 11 shows the clear view of results for this research work. 

 

5 Conclusion 
 

Manual segmentation of myocardium and right ventricle is measure in 

the cardiac MRI followed by nuclei image segmentation. Thus the 

significance of biological function scaled within a nuclear area is interpreted 

using a sequel of images taken during cardiac cycle. Thus mismarking of 

border is being reduced by assigning a minimum and maximum nuclear area 

and segmenting it to a customized segmentation values. Both border and 

ellipse methods for perimeter, roundness are being computed for individual 

image. 
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