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Abstract -In advanced medical technology, rendering methods plays an essential role in enhancing the accuracy of mitral 

valve abnormalities detection and replacement procedures especially in the process of virtual surgery. Consequently, the 

choice of rendering methods is very much important for real-time visualization of mitral valve echocardiography. This 

study compares two types of rendering methods in virtual reality visualization: Surface Rendering and Volume 

Rendering. Specifically, two rendering algorithms including Ray Casting and Marching Cubes were implemented and 

compared with respect to the rendering speed and interaction. These algorithms were implemented in unity platform to 

visualize the cardiac echo images in virtual reality. The methodologies, merits and demerits of these algorithms were 

discussed in detail. Based on the experimental results, rendering method can be determined according to the requirements 

of virtual mitral valve replacement surgery. 

Keywords - Virtual reality, Surface Rendering, Volume Rendering, Echocardiography. 

 

1 INTRODUCTION 

With the recent advancements in medical imaging two dimensional image sequences of cardiac images can be 

obtained in various modalities such as Computed Tomography (CT), Cardiac Ultrasound or Echocardiography and 

Magnetic Resonance Imaging (MRI). Ultrasound has recently gained acceptance among medical professionals and 

researchers, particularly in the field of obstetrics, cardiology, and surgical planning, due to the fact that ultrasounds are 

safer than MRIs and CTs, as well as non-invasive and less expensive [1]. Through the various reconstruction techniques, 

these 2D images are transformed into three dimensional images with stereoscopic visualization [2]. Meanwhile, through 

the virtual reality, surgeons can interact with these 3D models and understand the pathological conditions of the cardiac 

valves and blood flow. 

Volume rendering is an essential step for visualization of images in virtual reality [3].Studies such as Hitschrich 

et al. (2019) [4] and MHPH et al. (2012) [5]demonstrated that direct volume rendering on cardiac ultrasound data can 

improve task performance in virtual analysis. The recent work [6] highlighted the process of surface rendering for mitral 

valve assessment particularly in the patients with mitral valve regurgitation. Marching Cube (MC) algorithm was the 

initial method that provides visual access of rendering [7].Mathias Neugebauer et.al [8]analyzed the behaviour of mitral 

valve by creating a surface mesh using marching cube method. Max N.et.al [9] proposed various models oftransmission 

of rays through the different volume intensities by absorption, glow and reflection, which can be applied in rendering 

algorithm.  

The main objective of this paper is to compare the different rendering methods in the aspects of speed and 

sampling rate on the mitral valve echo data. The work was executed using unity software, which offers better 

visualization as it supports both surface and volume rendering. 

The rest of the paper is organized as follows. Section II depicts experimental platform and datasets used in this 

analysis. Section III addresses the surface rendering approaches. Section IV describes the mechanism of volume 

rendering and its types. Section V deals with comparison of rendering methods. Section VI concludes the work summary. 

 

2 EXPERIMENTAL PLATFORMS 

The experiment is mainly performed using Unity Software system combined with visualization Toolkit 

(VTK)[10]. VTK supports software packages and functions for visualization of medical images. For example, in 

marching cube algorithm [7], vtkMarchingCube class is used. Similarly, in Ray cast rendering method[11] 

vtkVolumeRayCast class is used. The datasets used in this analysis are obtained from publicly available datasets 
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echocardia[12] and EchoNet-Dynamic[13]. A total of 120 mitral valve echo images from 5 patients were collected in 

apical 4-chamber (A4C) view. These echo images are affirmed with mitral stenosis pathology [14-15]. 

 

3 SURFACE RENDERING 

Surface rendering [16] involves the extraction of isosurfaces or edges from the three dimensional volumetric 

data composed of the two dimensional slices. With the direct surface rendering method, surface of the image is acquired 

directly from its voxel intensities without any intermediate geometric representations [17]. Transparency and colors are 

applied to enhance appearance of 3D volume [18]. One of the isosurface rendering method i.e Marching cube algorithm, 

will be discussed in detail in the subsequent section. 

 

3.1 Marching Cubes (MC) 

Marching Cubes focuses on rendering of surfaces from the three dimensional data [19]. The processing pipeline 

of this algorithm is shown in fig.1.  The first step is to determine a voxel value at the eight corners of the cube 

corresponding to the pixel value.Some pixels have lesser value than the user defined value and rest of the cube have 

greater value than this value. Next step is to find the edge intersection using these intensities. Finally triangular patches 

are created using divide and conquer method and by connecting these patches, a smooth surface representation is 

acquired[20].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The echo images are rendered using the above procedures followed in marching cube algorithm. The images are rendered 

with four thresholds such as 100, 300, 400 and 800. The rendered cardiac model and rendering time are depicted in fig.2 

and Table 1 respectively.  
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Fig.1 Workflow of Marching Cube Algorithm 

Fig.2Rendered echo model using different threshold ranges (a) Threshold (0,100) (b) 

Threshold (0,300) (c) Threshold (0,400) (d) Threshold (0,800) 
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Table 1. Rendering time of echo images using different threshold of the Marching Cube algorithm 

 

 

 

 

 

Different Threshold Values 

100 300 400 800 

Patient 1 25.21 16.12 9.20 6.85 

Patient 2 27.22 15.13 8.15 6.96 

Patient 3 26.19 17.15 7.12 6.45 

Patient 4 24.17 15.12 9.12 5.35 

Patient 5 25.21 16.15 7.15 6.38 

Average 25.6 15.93 8.14 6.39 

 

4 VOLUME RENDERING 

Volume rendering[21] is based on the principle of projecting three dimensional data onto two dimensional 

planes by simulating the light rays through the 3D data. During the interaction of volume rendered images, light rays 

passing through a voxel is directly projected without any intermediate geometric representations. Color and opacity 

values are assigned by analyzing the voxel intensities[22]. Volume rendering provides the ability to see the underlying 

structures of the volume slice by slice without discarding any internal details, resulting in an increased visualization 

effect. One of the main methods of this rendering is Ray Casting that is discussed in the following Section.  

 

4.1 Ray Casting 

The illustrative process of ray casting is shown in fig 2. Initially, a ray of data is emitted from the imaging plane 

depends on the location of the viewpoint. Then these rays are resampled equally at different locations[23-25].Based on 

the opacity and color value of the neighboring sampling point, interpolation is performed on the voxels. After obtaining 

the required values of all sampling points, rendered image is visualized.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To represent distinct boundaries and underlying structures, different threshold values are defined according to the volume 

data. It should be noted that color and opacity values are synthesized with the line of sight [26-28]. The experimental 

results showed that different threshold ranges has a significant rendering effect in visualization of cardiac images (Fig.3) 

The rendering performance is better when the threshold values are in the range of [0, 1000] as that in the range of [0,400] 

and [0,800]. The duration of the rendering time is given in the Table 2. From the table it is observed that rendering time 

does not make much difference for various threshold values. In comparison with surface rendering algorithms, volume 

rendering is quite better in rendering the echo images in terms of visualization quality.But during the interaction of 

images, when the angle of view is changed to other direction, correlation between the voxels also gets changed. It is 

necessary to resynthesize the entire volumetric data again on each time resulting in lack of speed. Fig 4 shows the 

interactive effect of rotation in volume rendered echo image.  

Rendering Time 

in Seconds 

Fig.2 Process of Ray Casting Algorithm 
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Table 2. Rendering time of echo images using different thresholds of the Ray Casting algorithm 

 

 

 

Different Threshold Values 

400 800 1000 

Patient 1 6.25 6.12 6.20 

Patient 2 6.82 6.15 6.45 

Patient 3 6.19 6.35 6.62 

Patient 4 6.17 6.12 6.32 

Patient 5 6.21 6.35 6.55 

Average 6.32 6.21 6.42 

 

5 PERFORMANCE COMPARISON OF RENDERING ALGORITHMS 

Rendering algorithms are compared in the aspects of methodology, speed and interaction effect in the above 

mentioned sections. In terms of methodology, surface rendering creates the intermediate representations of isosurfaces 

from the 3D volumetric data.  Volume Rendering uses the concepts of sampling and projection of rays.  

When it comes to rendering speed, surface renderingrenders the image much faster than volume renderingas the 

volumetric rendering decreases the computational efficiency. As far as the rendering speed, volume rendering creates 

high quality visualization whereas surface rendering lacks internal structure information and correlation among the 

voxels. 

In terms of human-computer interaction, surface rendering is good compared to the volume rendering. As we do 

the interactions on rendered image, process lagging emerges from the computation of voxelsampling in the entire 

image.Table 3 compares the two rendering methods discussed in section 3 and section 4 in the terms of speed, 

visualization quality and interaction. 
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Rendering 

Time in 

Seconds 

Fig.4Interactive Effect (a) Before Rotation (b) During the Rotation (c) After Rotation 

Fig.3 Effect of rendering with threshold ranges (a) Threshold (0,400) (b) Threshold (0,800) (c) 

Threshold (0, 1000) 
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Table 3. Comparison of Rendering Methods 

 

 

 

Surface Rendering 

( Marching Cube algorithm) 

Volume Rendering 

(Ray Casting) 

Speed  Fast Slow 

Visualization Quality Good Fair 

Interaction Fair Good 

 

5 CONCLUSIONS 

This paper focuses the rendering methods for visualization of echo images in virtual reality. In comparison of 

surface and volume rendering methods, Ray casting renders the echo image much better which provides high standard 

visualization in virtual surgery.  Besides, it satisfies the requirements of robotic surgery as the rendering effect is good 

among the other methods.  

 

REFERENCES 

[1] Fenster A, Parraga G, Bax J. Threedimensional ultrasound scanning. Interface Focus. 2011;1(June):503-519 

[2]. Salcedo EE, Quaife RA, Seres T, Carroll JD. A framework for systematic characterization of the mitral valve by real-

time three-dimensional transesophageal echocardiography. J American Society of Echocardiography 2009;22:1087-99. 

[3] T. R. Nelson and T. T. Elvins, “Visualization of 3D Ultrasound Data,” IEEE Computer Graphics and Applications, 

vol. 13, no. 6, pp. 50–57, 1993. 

[4] Hitschrich N et.al, Planning structural heart interventions: comparison of measurements made on volume rendered 3D 

virtual reality models versus conventional 3D software, P2-069. In: 2019 ASE 30th Annual Scientific Sessions, Portland, 

USA. Journal of the American Society of Echocardiography; Elsevier. p. B110. B1–B137. 

[5] MHPH VB, IJsselsteijn WA, Juola JF. 2012. Effectiveness of stereoscopic displays in medicine: A review. 3D Res. 

3(1):3. doi:10.1007/3DRes.01(2012)3. 

[6]. Biaggi P, Gruner C, Jedrzkiewicz S, Karski J, Meineri M, Vegas A, et al. Assessment of mitral valve prolapse by 3D 

TEE angled views are key. JACC Cardiovasc Imaging 2011;4:94-7. 

[7] Willian E.Lorensen, Harvey E.Cline. Marching Cubes: A High Resolution 3D Surface Construction 

Algorithm,Computer Graphics, Volume 21, Number 4, July 1987.  

[8] Mathias Neugebauer et.al, Virtual downsizing for decision support in mitral valve repair, International Journal of 

Computer Assisted Radiology and Surgery, Springer 

[9] Max N. Optical Models for Direct Volume Rendering. IEEE Transactions on Visualization & Computer Graphics, 

1995, 1(2):99-108. 

[10] W. J. Schroeder, L. S. Avila, and W. Hoffman, “Visualizing with VTK: A tutorial,” IEEE Computer Graphics and 

Applications, vol. 20, no. 5, pp. 20–27, 2000. 

[11] Palak Chatwani, Shivani Shah, Purvi Ramanuj, Different Ray-Casting Algorithm Implementations for Volume 

Rendering,  International Journal of Innovative Technology and Exploring Engineering (IJITEE) ISSN: 2278-3075, 

Volume-9 Issue-7S, May 2020 

[12] Echocardia, The Echocardiography Resource, https://echocardia.com/en/searchassist.html 

[13] EchoNet-Dynamic, A Large New Cardiac Motion Video Data Resource for Medical Machine Learning , 

https://echonet.github.io/dynamic/ 

[14]  Ionasec RI, Voigt I, Georgescu B, Wang Y, Houle H, Vega-Higuera F, et al. Patient-specific modeling and 

quantification of the aortic and mitral valves from 4-D cardiac CT and TEE. IEEE Trans Med Imaging 2010;29:1636-51. 

[15]  Sugeng L, Weinert L, Lang RM. Real-time 3-dimensional color Doppler flow of mitral and tricuspid regurgitation: 

Feasibility and initial quantitative comparison with 2-dimensional methods. J Am Soc Echocardiogram 2007;20:1050-7. 

[16] Zhang Q, Eagleson R, Peters TM. Volume visualization: A technical overview with a focus on medical applications. 

Journal of Digital Imaging. 2011;24(4):640-664 

[17] Parmar BN, Bhatt T. Volume visualization using marching cubes algorithms: Survey & analysis. International 

Journal of Innovative Research in Technnology. 2016;2(11):21-25  

[18] Keppel E. Approximating complex surfaces by triangulation of contour lines. IBM Journal of Research and 

Development. 1975;19(1):2-11.  

Parameters 

https://echonet.github.io/dynamic/index.html
https://echonet.github.io/dynamic/


JOURNAL OF ALGEBRAIC STATISTICS 

Volume 13, No. 1, 2022, p.25-30 

https://publishoa.com 

ISSN: 1309-3452 

30 

[19] W. Lorresen, H. Cline. Marching Cubes: a high resolution 3D surface construction algorithm [J].ACM Computer 

Graphics, 1987, 21(4): 163-170. 

[20] Zhaoxi Pan et.al, Comparison of Medical Image 3D Reconstruction Rendering Methods for Robot-Assisted Surgery, 

Mechatronics (ICARM) 

[21] Noon, Christian John, "A Volume Rendering Engine for Desktops, Laptops, Mobile Devices and Immersive Virtual 

Reality Systems using GPU-Based Volume Raycasting" (2012). Graduate Theses and Dissertations. 12419. 

[22] Botsch, M. and L. Kobbelt, High-quality point-based rendering on modern GPUs. 11th Pacific Conference on 

Computer Graphics and Applications, 2003. Proceedings., 2003: p. 335- 343 

[23] Noon, Christian John, "A Volume Rendering Engine for Desktops, Laptops, Mobile Devices and Immersive Virtual 

Reality Systems using GPU-Based Volume Raycasting" (2012). Graduate Theses and Dissertations. 12419. 

[24] Westover, L., Footprint evaluation for volume rendering. ACM SIGGRAPH Computer Graphics, 1990. 24: p. 367-

376. https://doi.org/10.1145/97880.97919 

[25] Botsch, M. and L. Kobbelt, High-quality point-based rendering on modern GPUs. 11th Pacific Conference on 

Computer Graphics and Applications, 2003. Proceedings., p. 335- 343 

[26]. Kniss, J., Kindlmann, G., Hansen, C., 2002. Multidimensional transfer functions for interactive volume rendering. 

IEEE Transactions on visualization and computer graphics 8, 270–285. 

[27]. Kindlmann, G., Whitaker, R., Tasdizen, T., Moller, T., 2003. Curvature-based transfer functions for direct volume 

rendering: Methods and applications, in: IEEE Visualization, VIS 2003., IEEE. pp. 513–520. 

[28] Caban, J.J., Rheingans, P., 2008. Texture-based transfer functions for direct volume rendering. IEEE Transactions 

on Visualization and Computer Graphics 14, 1364–1371. 


