
CSCM37 Data Visualization 
Robert S. Laramee 

 
Assignment: Volume Visualization 

Data Conversion and Discovery 
 

Number of Credits:   20% of the module 
Recommended Hours: 20-25 hours 
Date Set:  2 November 
Printed and Blackboard Submission Deadline:  11:00am, 27 November 
 
Problem Statement 
You are given a selection of (one known and) two very mysterious volume data sets.  Your 
job is to explore, hypothesize, and discover what phenomena the data sets depict through 
the use of volume rendering.  Rather than producing a volume renderer from scratch, you are 
to use an existing volume renderer such as 

 
• The Visualization Toolkit (http://www.vtk.org/)  
• Voreen (http://www.voreen.org)  
• Paraview (http://www.paraview.org) 
• VisIt (https://wci.llnl.gov/simulation/computer-codes/visit/) 

 
to help you with your exploration.  You are not restricted to the above software.  You may 
use any volume rendering software.  There are links to other open source volume renderers 
on the module web page.  You may also Google others. 
 
Volume Rendering  
The tools above are advanced, state-of-the-art volume rendering tools freely available for 
educational and research purposes.  They are open source volume rendering libraries which 
allow interactive visualization of volumetric data sets with high flexibility. They are 
implemented as a multi-platform (Windows and Linux) C++ libraries using OpenGL and 
GLSL for GPU-based rendering, licensed under the terms of the GNU General Public 
License.  In order to accomplish this task, you are to explore the software’s features (look for 
“Features”) with a special focus on their various volume rendering techniques and transfer 
functions.   
 
Data Format Conversion 
Since the field of data visualization has not yet evolved to the point of using universal data 
format standards, the format of the data you have been given will have to be converted to a 
format either the VTK or Voreen can read.  The code you write to convert the data follows 
Bob’s Concise Coding Conventions (Laramee, 2010).  The input data format for each tool is 
described on their respective web pages. 
 
Mystery Data Sets 
The mystery data can be downloaded from: 
 
  http://cs.swan.ac.uk/~csbob/data/ 
 
Currently, there are two phenomena to discover, one is called Sally.  Sally is an analytical 
data set.  The other is called Betty.  She is a more traditional sampled data set on a regular 
grid.  However, before you start work on unravelling the mystery data sets, start off with 
rendering a known data set.  We recommend you render a known data set supplied by one 
of the renderers from the list first.  For example with Voreen, there is a standard Walnut data 
set.  It can be downloaded from: 
 



  http://www.voreen.org/108-Data-Sets.html 
 
Any sample data set provided by a rendering package may be used to get started. 
 
Unravelling the Mystery 
Your mission is to identify the characteristics of the data and ultimately unravel what they are 
or what you think they are. 
 

- Can you use volume rendering to gain an overview of the data? 
- Can you discover any patterns or trends in the data? 
- Does the data have any features, at a large scale or a small scale? 
- Is there anything else you can tell us about the data? 
- What do you think the data sets are? 
- What phenomena do the data sets try to capture? 
- Can you support your answers with visualizations that provide evidence? 

 
Tasks  
Your task is to produce a selection of visualizations which can convey some meaningful and 
hopefully interesting insight about the three data sets and support you theory as to what they 
may be. 
 
Help and Hints 
- Sally is easier to identify than Betty. 
- These data sets are not new.  They have appeared in the scientific visualization literature 
many times already. 
- Sally and Betty are both vector field data sets.  That means they have to be converted to 
scalar fields as part of the data conversion process.  The vector magnitude, v,  of a vector, v, 
is v = (v(x)2 +v(y)2 + v(z)2)1/2 
- The Voreen web site has lots of helpful documentation on how to use it. 
- YouTube features helpful introductory videos on how to use the VTK, Voreen, and other 
volume rendering software. 
- You can write to the VTK mailing list or the authors of Voreen for help if you run into 
problems.  The same is true for the other software applications. 
- The teaching assistant can also help you.  But don't wait until the day before the deadline. 
-  A quick introduction to VTK can be downloaded from:  
http://cs.swan.ac.uk/~csbob/teaching/course/laramee14vtk.ppt 
 
Bonus Points: The Visible Human Project 
For bonus points, include two different volume visualizations and a description of each from 
the Visible Human Project: 
 
https://www.nlm.nih.gov/research/visible/visible_human.html 
 
These extra points can be counted towards this assignment or assignment one -whichever 
you prefer. 
 
Submission. You are required to submit a report which contains: 
 

- A summary (0.5-1 A4) about your approach and the features of the volume visualization 
software that you have used.  Describe, briefly how you converted each data set such that 
it can be rendered by the volume visualization software.  If the data has been modified in 
order to create your visualizations, please describe the changes that were made. Please 
also indicate the number of hours spent on this part of the assignment for help us to 
calibrate the difficulty levels in future assignments. 



- Show six different visualizations, two for each data set, each of which is accompanied by 
a caption with fewer than 250 words. Use the caption to indicate what type of volume 
visualization technique you used, and highlight the important insight depicted in the 
visualization.  It will help if each of your volume visualization types are distinct, e.g., an 
isosurface and a direct volume rendering using MIP.  In other words, two different 
isosurfaces visualizations are two instances of one type of visualization. 
- You may submit additional visualizations, e.g., other volume visualization techniques are 
slicing or the various transfer functions covered in lecture. 

 
Some questions you may want to address in the descriptions of the visualizations are: 

- How well does it convey information to the viewers? 
- How well does it aid discovery of trends, features, or patterns? 
- How well does it depict data at different scales (data size and level of details)? 
- How intuitive is it to laypersons and how easy for them to learn to comprehend? 
- How atheistically pleasing is the visualization? 
 

- Submit all files: report + source code used to do the data conversion, to Blackboard as a 
.zip file or as a .tar.gz file. 
 
- Submit a printed color copy of your report. 
 
References  (Laramee, 2010) Robert S. Laramee, Bob's Concise Coding Conventions 
(C3) , in Advances in Computer Science and Engineering (ACSE), Vol. 4, No. 1, February 
2010, pages 23-36 (available online) 



 
CSCM37 Data Visualization 
Assessed Coursework: Volume Visualization Marking Scheme and Feedback Form 
 
Name: 
Student No: 
Assessed By: Robert S Laramee 
 
Basics [35 points total] 

1. Is the printed report submitted in the correct format, in color, with student name? 
(e.g., PDF) [3 points] 

 
2. Are the descriptions composed of complete sentences: with correct spelling, 

punctuation, and grammar etc.? [3 points] 
 

3. Has the title, author, publisher, and publication year of a programming reference book 
been provided? [3 points] 

 
4. Has the data set provided by one of the renderers web site been downloaded and 

rendered? [4 points] 
 

5. Has the Sally data been converted to a format one of the volume renderers can read? 
[5 points] 

 
6. Has the Betty data been converted to a format one of the volume renderers can 

read? [5 points] 
 

7. Has the source code for converting the data been submitted on Blackboard and does 
the source code follow Bob’s Concise Coding Conventions? [10 points] 

 
8. Has one of the volume renderers listed in the assignment been used to create the 

visualizations? [5 points] 
 
Intermediate: Visualizations [48 points total] 
 
Data set provided by volume rendering software 
Visualization 1 [4 points]: 
Visualization 1 Description of what we can see and which volume visualization was used [4 
points]: 
 
Visualization 2 [4 points]: 
Visualization 2 Description of what we can see and which volume visualization was used [4 
points]: 
 
Sally 
Visualization 3 [4 points]: 
Visualization 3 Description of what we can see and which volume visualization was used [4 
points]: 
 
Visualization 4 [4 points]: 
Visualization 4 Description of what we can see and which volume visualization was used [4 
points]: 
 
Betty 
Visualization 5 [4 points]: 



Visualization 5 Description of what we can see and which volume visualization was used [4 
points]: 
 
Visualization 6 [4 points]: 
Visualization 6 Description of what we can see and which volume visualization was used [4 
points]: 
 
Advanced: Attempt to answer (less obvious) questions [17 points total]: 
 
- How well do the visualizations convey information to the user? [5 points] 
 
 
- How well do the visualizations aid discovery of characteristics and features in the data 
sets? [5 points] 
 
 
- Do any of the visualizations convey features at different scales? [5 points] 

 
 

- How intuitive are the visualizations? [2 points] 
 
Bonus Points: The Visible Human 
Visualization B1 [4 points]: 
Visualization B1 Description of what we can see and which volume visualization was used [4 
points]: 
 
Visualization B2 [4 points]: 
Visualization B2 Description of what we can see and which volume visualization was used [4 
points]: 
 
 
 
TOTAL: 


