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Project Abstract 

The interpretation of cardiac ultrasound images is 

often considered as a difficult task, which requires 

a high level of experience. Virtual reality can be a 

useful tool to quickly gain spatial understanding. In 

the scope of this project, the student will 

implement a web-based virtual reality application 

that is able to visualize a combination of semi-

transparent meshes with volume rendering of the 

cardiac tissue and the corresponding Doppler 

information during the different phases of the 

cardiac cycle.  

Background and Motivation 

User studies have shown, that virtual reality 

applications can be beneficial when it comes to 

interpretation of cardiac ultrasonic data. One of the 

use cases for 3-dimensional visualization is during 

the planning process of valve intervention 

procedures.  

In the scope of her Master Thesis, Gloria Zörnack 

developed a web-based virtual reality system that 

is able to combine semi-transparent volumetric 

medical data with transparent polygonal models 

(e.g. model of prospective implant).  The volume 

rendering has been divided in a depth peeling stage 

and a ray casting and compositing stage.  For the 

surface rendering, different visualization 

techniques have been used and compared in 

(Navab, 2021). They were able to show that their 

approach, using semi-transparent geometry, leads 

to easier understanding, better planning and 

therefore could contribute to a better patient 

outcome. 

However, their visualization technique only works 

for static, one channel data. When it comes to 

interventional valve procedures, additional 

information about motion and blood flow during 

the phases of the cardiac cycle is crucial, for 

example to be able to see if the artificial valve will 

fit during the whole cycle without damaging the 

muscle at any point.  

In this project the student will use the example of 

valve replacement, more precisely for tricuspid 

valve replacement.  

Student’s Tasks Description 

To provide these additional details, the student will 

enhance the existing WebXR application to render 

Doppler-ultrasound information. The student has 

to implement a shader to be able to visualize the 

velocity information as part of the semi-transparent 

volume rendering.  

Additionally, the student has to extend the program 

to be able to show the synchronized movement of 

the tissue, the velocity and the valve implant during 

the corresponding phases of the cardiac cycle.  

To better utilize this data the student has to 

implement a user interface that provides the 

possibility to vary different parameters for the 

visualization.  

Upon finishing this project the student will learn to 

correctly visualize corresponding volumetric tissue 

and velocity data, as well as polygonal models using 
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virtual reality. Furthermore the student will gather 

experience in user experience design. 

 

Technical Prerequisites 

The web-based application is implemented using 

Javascript, therefore the student needs good 

programming skills in this programming language. 

For rendering, the student will use ThreeJS. To 

further enhance the shader, the student needs a 

good understanding of GLSL 3.0. For the server 

architecture nodejs will be used. As Input Device, 

the student will use Oculus Rift. 
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