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Project Abstract

The goal of this project is to work on 
illustrative rendering for blood vessels in 
OpenGL. The illustrative rendering 
should be able to communicate the 
exact depth of the vessel to a surgeon 
without occluding too much of the 
operation space. The 3D model of the 
vessel will be provided and the position 
of the vessel is assumed to be known.

Background and Motivation

Minimal-invasive surgery is getting more 
popular as an alternative to open 
surgery. Unlike in open surgery, where 
the entire patient is opened, in minimal-
invasive surgery, only three tiny 
incisions are being made. One for a 
camera, and two for the instruments. 
Then the surgeon conducts the surgery 
by looking at a screen displaying the 
image of the camera.

This has obvious advantages for the 
patients, However, conducting the 
surgeries becomes more difficult. It is 
difficult for the surgeon to localize what 
part of the human body he is looking at. 
Furthermore, he looses direct tacticle 
feedback. In open surgery, in order to 

identify whether a blood vessel is behind
fatty tissue, a surgeon would just hold 
his hand at the tissue. If a vessel is 
behind it, he would feel the pulsation of 
the blood vessel. In minimal invasive 
surgery, this is not possible.

One idea to overcome these challenges 
is to introduce augmented reality into 
minimal invasive surgery. Thereby 
critical structures such as blood vessels 
can get augmented into the camera 
image.

However, this introduces new 
challenges, such as depth perception. 
The augmented vessels are naturally 
occluded by fatty tissue in the camera 
image. Just rendering them at the 
physical location where they would lead 
to the human brain, perceiving them in 
front of the fatty tissue. Therefore, the 
rendering algorithm used to draw the 
vessels need to be advanced enough to 
communicate the exact position to the 
surgeon. In this project, the student will 
work on such a rendering algorithm.

Student’s Tasks Description

The student’s task is to implement a 
vessel visualization as depicted above 
using OpenGL. The 3D model of the 
vessel will be provided as a file (.STL or 
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similar). Furthermore, the position of the 
vessel will be given. In the visualization,

In the visualization, everytime one part 
of the vessel is occluding another one, 
strided lines appear on the branch 
whose part is occluded. The strided lines
are more thick, the less the distance 
between occluded branch and occluding 
branch is. Furthermore, their distance to 
each other increases with the distance. 
The strided lines are aligned with the 
outline of the vessel branch that 
occludes the other branch. (Its very 
complicated to explain this in words, but 
trust me, its actually not so difficult). 

The student will learn the basics of 
computer graphics in OpenGL. 
Furthermore, the student will learn how 
to parse 3D mesh files, such as .STL 
files. While developing the rendering 
algorithm, the sutdent will get familiar 
with advanced computer graphics 
concepts, such as multi-pass rendering, 
depth buffers, etc. Furthermore, the 
student will learn about different 
concepts how information can be 
communicated through visualizations.

Technical Prerequisites

Basic knowledge in C / C++

Preferably basic knowledge in Computer 
Graphics (but not strictly necessary)

Preferably basic knowledge in OpenGL 
(but not strictly necessary)
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