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Background 
In a situation where any kind of data has been measured, it can be of big help to be able to visualize the dataset 
which you have acquired. The purpose of this thesis is to develop a way of accomplish that task.  
 
The product expected from this project was an application which would be used to show the distribution of the 
data retrieved in 3d-space, along with a 3d-model of the environment in which it had been sampled. 
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Introduction 
Whenever data is collected, it would be extra helpful to be able to view the data in its environment. There have 
however existed only a few ways to do this previously. 
 
That is the object this thesis strive to provide a solution for. 
 
The application this thesis is concentrating on in general will be the case where measurements have been carried 
trough in a specific area, a room for example, and where you have a position in 3d space for every sample. 
 
In addition to the actual measurements and the position of these, one will also have to create a 3d-model of the 
area which have the actual dimensions of the room in the same coordinate system as the measurements, and then 
save it in VRML format. 
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Development platform 
The first step carried out was to evaluate different techniques to accomplish the task which were intended to be 
performed. After a quick survey there were two ways that I decided would be the most adequate to proceed 
evaluating, the AVS/Express software kit and developing the software myself in C++ and OpenGL. 
 

AVS/Express 

During the initial weeks of work on the thesis I evaluated a software made for visualization called 
”AVS/Express”, which is highly appreciated amongst people who are working with process animation. 
Examples of areas that it is used for are flow visualization in engines and displaying weather conditions with the 
aid of meteorological data and GIS-data (i.e. terrain).  
 
The reason for me to study AVS/Express was that it contains all the components which was needed to create the 
desired application.  
 

Pros and cons of AVS/Express 

AVS/Express is a very useful program when it comes to visualize data, which made it appeal to me. It is 
programmed trough a easy to understand visual method in which you drag and drop different modules to your 
application and then modify the parameters within the modules. 
Additionally it contains a rather extensive set of ways to visualize data, for example the isosurface which 
displays a surface plot of a given value. There are very few limitations for what you can do and almost every 
parameter can be changed by the user. However, I also found some obstacles that made me discouraged about 
developing the application I was supposed to. 
First of all, there are limitations on the types of geometry files that AVS/Express can import directly, so I would 
have to learn to access external programs to import VRML-files. Another problem was that I was supposed to do 
an application for users which were somewhat normal computer literate. They would be supposed to be able to 
handle a word processor or a spreadsheet, but it shouldn’t require a course to use the program. That increased the 
requirements on the user interface.  

The application that AVS/Express 
created 

The AVS/Express programming 
interface 
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OpenGL and C++ 
I also evaluated OpenGL, which is an interface language for 3d-graphics hardware which is called by some other 
high level language like C or C++. It is the de facto standard in hardware graphics languages. 
The main resources of knowledge was the “OpenGL Programming guide” known in the community as “The Red 
Book” and various Internet resources (see reference section). I also used the “Windows API Bible”-series to seek 
information about user interface creation. 
 
The OpenGL language encapsulates the graphics hardware from the programmer without crippling his ability to 
utilize its advantages. OpenGL is strictly concentrated on graphic functions and has no window-creation support 
whatsoever. Windows are created by either the underlying operating system or the OpenGL Utility Toolkit 
(GLUT)  which can be retrieved on the same location as OpenGL 
 

The pros and cons of OpenGL and C++ 
What made this method appealing was that I am somewhat familiar with the C++ language and that I would get 
acquainted with the OpenGL language which is so extensively used in the computer graphics industry nowadays. 
The price of the AVS/Express runtime license made it even more appealing. It would also force me to learn 
advanced computer graphics algorithms that can be useful to have knowledge of in the future. 
But it would be rather hard to find out these algorithms and then optimize them so there would be an acceptable 
performance. Furthermore it would be harder to add new visualization methods compared with to add 
visualization methods in AVS/Express as it already contains several of them. 

Windows application 

GDU WGL OpenGL 

GLU 

• OpenGL applications use the windows system’s 
window, input and event mechanism 

• GLU supports quadrics, NURBS, complex 
polygons, matrix utilities and more. 

The MS Windows/OpenGL relation, 
The X-Windows/OpenGL relation is similar. 
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The outcome of the evaluation 
When I had evaluated the two methods and participated in a two day course in AVS/Express held by 
Anders Backman from High Performance Computer Center North (HPC2N) I felt that I had retrieved enough 
information to make a decision. 
 
Based on the fact that the runtime licenses for AVS/Express needed to use the application was so expensive 
(between 5 000 - 10 000 SKr) and that it would be harder than expected to get the results wanted from 
AVS/Express I decided to continue to develop the OpenGL version of the application. 
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Algorithm development 
When I had decided to use C++ and OpenGL, next step was to find methods to retrieve data and then 
representing it as outlined in the project specifications. That meant that I would have to read and process the 
VRML data and in some way represent the semicolon separated coordinate/value data as a translucent plane.  

The translucent plane of values 
After some thinking I came to the conclusion that it would be reasonable to assume that in a set of 
measurements, one could calculate the expected value of any coordinate by dividing every measurement with the 
distance to the point and then adding them together. That way, far away measurements would influence less than 
close ones.  
  

 
With this in mind I started experimenting with a real-time updating mesh which was a regular grid(img 1). 
 

This approach was effective only when there was a very limited number of measurements, when the number 
increased moderately, it made the application lag to the extent that it was undesirable.  
Then I began to theorize how the desired effect would be accomplished. To my help came Håkan Wallin, who 
suggested that I should calculate a mesh which used the position of the measurements to decide the mesh shape. 
He also suggested that I should pre-calculate the values in some of the positions located at the same coordinates 
as the mesh intersections, thus creating “pillars” of ready to use calculations. He recommended me to try to start 
with a normal mesh and then move the intersections to a suitable measurement position. (Image 2). This sounded 
to me as it would work fine. 
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. 
 

First the measurements are sorted based on the vertical axis position, then the algorithm starts from the leftmost-
lowermost intersection not connected to the boundaries, and moves the intersection to the leftmost-lowermost 
measurement coordinates available. Then it continues upward the grid and to the right until all measurement 
coordinates has been covered. Note that one grid intersection is left untouched, due to the fact that there are less 
measurements than grid intersections. 
 
As I was finished with the mesh implementation, I discovered a flaw not noticed earlier which made some of the 
polygons flip over others in extreme situations (Image 3). So I started thinking about how a mesh made of 
vertexes which are spread on a planes surface would be done without any mesh deformation. 
 
After a rather long period of thinking and some pointers from others I came up with a totally new way of 
creating meshes. (at least I think so) 

Image 2 

Image 3, area is flipped over. 
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The spiral mesh creation 
The procedure goes as follows: 
1. First the vertices are sorted according to their y-position with lowest first. Put the lowest y-value vertex at 

the top of a spiral list. 
2. After that, a search for the vertex that  has the smallest angle (clockwise) between the x-axis and itself. 

Thereafter put the found vertex in the end of the spiral list. 
3. Next, repeat the procedure but use the line between the two previous vertices as “baseline” and find the next 

vertex to add to the spiral. 
4. Repeat until all vertices are transferred to the spiral list. 
5. Use the spiral-list to create a triangle between the last vertex and the two vertices prior to it. 
6. Put the triangle in a triangle list. 
7. Continue with the triangle creation with the first vertex as base until a triangle that will surround the vertex 

prior to the last vertex is found. 
8. Create a triangle between the last vertex, the one prior to the last and the vertex that was involved in creating 

the previous “valid” triangle (see chart no. 8). Then start creating triangles but use the last-but-one vertex as 
base. Continue repeating step 7 and 8 until all vertices have at least one triangle connected to them. Then 
create the triangle that closes the area (there will always be one last one left).    

 
(note. The axes in the following illustrations are ordered with negative y up and positive x to the right) 
 

 
 
 
 
 
Following the creation of the mesh is the calculation of the “pillars” containing interpolated values. The pillars 
are used as lookup tables while viewing the dataset in the application. (Image 4) 

1 2 3 4 

5 6 7 8 
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The pillar granularity is preferably variable, so the user can choose which quality he or she wants to use. 
This way of pre -calculating the values improves the application performance considerably. 
 

The VRML geometry data 
The reading of the VRML data is performed in the easiest way possible. First a search of the file for the string 
“point” is conducted, and then all coordinates and their indices are read to an array. After that a search for the 
string “coordIndex” gives the position of the coordinate references building up the triangles that are the 
geometry. Thereafter a repetition of the algorithm gives the next set of coordinates.  
 
When the triangle definition  process is finished, the program calculates the normal of each triangle and puts it in 
an array.  

Image 4 

Pre-calculated 
”pillars” 
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The color-definition procedure 
When a semicolon-separated file is read by the application, the maximum and minimum values are saved for 
later use, in the mapping between colors and values. 
The mapping is done by a simple mathematical formula, which uses the boundary values and the color-palette 
size to determine which palette entry that correspond to the value inserted. 
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The colors of the palette are chosen by setting the colors that correspond to the highest and lowest values, the 
colors in-between are interpolated from those. 
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The mapping – an example 
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Implementation 

Finding the use -cases 
According to the standard procedure of object oriented analysis, I started with the task which consists of finding 
use-cases. This is a schematic of the use-cases that I found. 
 

Open 
vrml 

Open 
Excel 

Rotate Create 
mesh 

Calculate 
values 

Move 
translucent 

plane 

Decode 
vrml 

Zoom Translate 

Decode 
Excel 

Translucent plane and 
vrml 

Define 
Colors 
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Defining the use -cases 
My next move was to loosely define the use-cases in text, and then I created collaboration-diagrams so I could 
find possible classes. Then I have made some sequence-diagrams that shows how I intended to make the 
methods work. Here follows the information that I gathered. 
 
¡ Open VRML/Semicolon-separated file 

♦ Initiate file dialog 
♦ Retreive filename from dialog 
♦ Read file 

 
Collaboration diagram 

Sequence diagram 

loadData datafile 

Choose File 
readFile()

User 

Open scsf/vrml 

readFile()

User 
Interface 

”File Open” dialog Reading and dividing  
coordinates and values 

DataStorage 

Excel-file
1:FileName

2: Semicolonseparated-lines

3:Data
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Create mesh 
♦ Create a list of vertices ordered as a inward going clockwise spiral 
♦ For each vertex 
§ Create triangles 
§ Check that no lines are crossed 

 
Collaboration diagram 
 

Sequence diagram 

mesh 

createMesh()  

Create mesh 

meshData Initiate 

readData()  

Initiate 

Mesh 

DataStorage 

1:Create mesh 

2:Send x,y,z and value

4: Create grid

3: Calculate which value that responds to current z
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¡ Define colorscheme 

♦ Retrieve current colorscheme 
♦ Open Color-select dialog 
§ Select color 

♦ Interpolate colorscale  
 
Collaboration diagram 

 

Sequence diagram 
 

Color selection dialog  Color code 

1:Retrieve color
2:Send current color

4: Re-interpolate array 

3:Re-define colors

5:Save new colorcode 

Define colorscheme 

GUI 

Initiate ”Change colorscheme”  

colorScale 
User 

colorScale  getColorScale()  

Display Current 

Re-define scale  

calcNewScale()  
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¡ Rotate, zoom and translate translucent plane and VRML 
♦ Read control device coordinates and buttons 
♦ Call routine associated with type of movement 

 
Collaboration diagram 

Sequence diagram 
 
 

Mesh 2  
(room) 

Control device  

Mesh 1  
(matrix-plane) 

1:Command 2:Send change

Calculate change 

2: Send change 

Rotate, zoom or translate Array and Vrml 

GUI 
rotate 

vrmlMesh User 

arrayRotate(degrees)  

arrayMesh 

vrmlRotate(degrees)  

zoom 
arrayZoom(percent) 

vrmlZoom(percent) 

translate 
arrayTranslate(amount)  

vrmlTranslate(amount)  
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¡ Move translucent plane relatively to VRML mesh 
♦ Retrieve commands from control device 
♦ Read values from “pillars” 
♦ Update plane 

 
Collaboration diagram 

Sequence diagram 
 

Control device 

OpenGL canvas  

Recalculation of 
vertex-values 

Mesh 

DataStorage

1:Buttons and positi on

4: Render data

2:Transfer vertex positions

3: Transfer data

mouse mesh 

Move mesh 

translate() 

User 

Move translucent plane  
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Results 
When the programming was finished, I was rather satisfied with the result, although there was a few things that I 
would have made differently if I were to do the project with my current knowledge. The application however 
does what it is supposed to do and that was after all the purpose with this project. 
 
Here follows a brief description of the program window. 

The usage of the program is pretty straightforward, first the user should load the VRML-file and the semicolon-
separated file. Then, if the normal vectors of the file are inverted, the user can flip them with the swapnormals -
command. Whenever the user is dissatisfied with the colors he or she can change them at will in the colors-
menu. The orientation of the meshes is controlled by the mouse, or a mouse-emulating accessory, according to 
the scheme on the following page. 

The translucent 
plane 

Max and min 
values 

Value-counter 

Colorstripe 

File and color-select menus 
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User Manual 

Loading instructions 
The VRML-file and the semicolon-separated file are loaded through the File -menu. 
 

Color Selection 
The max- and min -colors are selectable through the colors-menu. 
 

Orientation 
 

 
Right button 

 horisontal rotation 

 
Left button 
vertial rotation 

 
Left and right  button  

move mesh verticaly 
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Conclusions 
The idea behind this project was to create a prototype for an application used to visualize where measured values 
are located and to make an approximation of how they spread throughout the environment where they were 
taken. In my opinion, that goal have been reached. But the application is only in the infant state and it needs 
some nourishing before it can be used seriously.  
 
I have found out that not everything is to be found on the world wide web as I previously thought.  
The mesh creation algorithm is one of the most complex programming tasks that I have been in touch with, 
mostly because there were nothing similar to find at the locations I have searched. Although the initial spiral-
defining procedure resembles the convex hull “gift -wrap” algorithm the whole procedure was created from 
scratch. 
 
I also want to add that the level of correctness of the visualization increases as the number of measurements gets 
larger. Since that goes for most visualization software it will not impose any questions of  the application’s 
credibility. 
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