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This is a project where modern visualization techniques are used to create an interactive and
animated technical illustration of how the position measuring product Inductosyn works.
The project is made on behalf of Inductosyn International, an engineering company in
Valhalla, New York. The visualization is focused on the operating principle of the product
and the technical benefits of using the product in the two application areas Air Surveillance
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platform, creating visualization concepts to the implementation and the final results.
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Abstract 
 
This is a project where modern visualization techniques are used to create an interactive and 
animated technical illustration of how the position measuring product Inductosyn works.  
The project is made on behalf of Inductosyn International, an engineering company in 
Valhalla, New York. The visualization is focused on the operating principle of the product 
and the technical benefits of using the product in the two application areas Air Surveillance 
Radar and Air Defence Systems. The purpose with the project is to create a series of 
applications the company can use as a complement in marketing to demonstrate the product 
and visualize its benefits to customers.  
 
This report covers the whole process from project background, choice of visualization 
platform, creating visualization concepts to the implementation and the final results.
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1.  Introduction to Inductosyn 

1.1  The company 
 
Farrand Controls and Inductosyn International are divisions of Ruhle Companies 
Incorporated. These divisions have been designing, developing and manufacturing precision 
Inductosyn® transducers and associated electronics used for the accurate measurement of 
angular or linear position since 1955. Inductosyn transducers combine high accuracy, extreme 
reliability and the ability to operate in the harshest environments of military, space and 
industrial applications. 

1.2  The product Inductosyn 

1.2.1 Overview 
 
Inductosyn is one of the world’s most accurate position measuring devices. It consists of two 
elements, one stator and one rotor. It is the angle the rotor rotates that can be measured with 
extremely high accuracy. Accuracy can be described in the unit arc seconds, where one arc 
second is defined as a 1/3600th of a degree. Standard Inductosyn units have accuracies to ± 1 
arc second, and selected units have accuracies to ± 0.5 arc second. This feature makes 
Inductosyn an ideal choice in applications where high angular position measurement is 
necessary. 
 

 
Figure 1: The Inductosyn rotor and stator 

 
 
The reliability of the Inductosyn transducers is another of its great benefits. It is unmatched by 
virtually any other transducer of similar accuracy and resolution capabilities. This is due to 
the simple, rugged printed circuit construction on essentially monolithic metallic (or other) 
substrates. The construction also makes it possible to operate reliably, at full accuracy, in very 
harsh environments. They can be designed to resist the effects of dust, oil films, vapors, sea 
water, light radiation, extreme pressure, vacuum, high vibration and shock, and temperatures 
ranging from below 10º K to +160º C and beyond. The transducer elements can be produced 
on almost any substrate material.  Normally the substrate materials would be selected to 
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match the structural material to which the elements will be mounted thereby eliminating any 
problems resulting from differential thermal expansion. 
The two elements of a rotary Inductosyn transducer are never in contact and, as a result, have 
zero wear. The original accuracy is maintained indefinitely and reliability is unsurpassed. No 
adjustment or lubrication is ever required. In addition, non-contacting elements eliminate 
backlash and mechanical coupling errors. 
 
Current Inductosyn applications include, among others, radar turning gear, submarine 
navigation, stabilized tracking mounts, space satellite instruments, telescopes, machine tool 
control, industrial automation, cryogenic and vacuum chambers. 

 

1.2.2 Operating Principle 
 
The operating principle of the Inductosyn is essential to the project, and therefore described in 
detail in this section. 
 
The Inductosyn transducer is similar to a multi-pole wire wound resolver [1]. A resolver is 
basically a rotating transformer with two windings, one stationary on the stator and one 
primary on the rotor. On the Inductosyn, the windings are printed circuit patterns on the rotor 
and the stator. 
 

 
Figure 2: The basic operation principle of a resolver 

 
 
There are two output signals from the stator which are defined as sine and cosine. Both 
signals have a sinusoidal cyclic variation of the same period but are shifted in phase by one 
quarter of an electrical cycle. This one quarter cycle or quadrature shift allows the 
determination of the direction of rotation and allows the determination of the absolute position 
within the electrical cycle since there is a unique set of sine and cosine amplitudes for each 
position within one electrical cycle. 
 
A high frequency AC signal is applied as excitation to the printed circuit pattern winding on 
the rotor element. The current flowing in the rotor pattern induces currents in the printed 
circuit pattern winding of the stator element. The currents in the stator circuit patterns vary 
depending upon the relative proximity and alignment of their circuit pattern conductors to the 
circuit pattern conductors of the rotor. The patterns are designed such that the output 
amplitudes vary in accordance with a cyclic sinusoidal profile as the rotor rotates with respect 
to the stator. The period of this cyclic variation is defined by the number of circuit pattern 
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lines or poles of the rotor with the angular pitch being 360 degrees divided by the number of 
pole pairs. The number of electrical cycles per revolution is the number of pole pairs. The 
number of electrical cycles per revolution is sometimes referred to as speed or electrical speed 
since it is equivalent to a one cycle per revolution resolver geared up by a gear train with a 
ratio equal to the number of electrical cycles per revolution. It is the fact that the Inductosyn 
transducer consists of multiple electrical speeds that makes the high accuracy possible. The 
more speeds in a 360 degrees rotor revolution, the more accurately can a certain position on 
that revolution be determined.  
 

 
Figure 3: The signals excited in a 1 speed resolver and in a 2 speed resolver  

 
The sine and cosine output signals of the stator are amplitude modulation envelopes of an 
input carrier wave. The frequency of the carrier wave is the same as that of the AC excitation 
signal applied to the rotor. These carrier based sine and cosine output signals are then 
amplified and transmitted to the analog-to-digital conversion electronics. In the most common 
form of resolver-to-digital conversion electronics the sine and cosine signals are 
synchronously demodulated with respect to a reference signal derived from the excitation 
signal and then they are compared ratiometrically, essentially forming the tangent of the 
position within the electrical cycle by a division of the sine signal by the cosine signal.  
 
 



   

8(43) 

2.  The project, Visual Inductosyn 

2.1  Background 
 
The company requested an interactive tool for marketing of their product Inductosyn where its 
operating principle, benefits and applications could be visualized and demonstrated. The 
reason for this request is that the Inductosyn is a product that can be hard to explain in only 
words, as you might understand from reading the first section in this report. Another aspect is 
that the product in most cases is integrated as a component in machines or other equipment, so 
it is very difficult to present the product “in action” to customers with traditional marketing 
material, where both functionality and benefits are exposed. The company thinks that the 
possibility to present the product in a visual way using some kind of computer models and 
animations, may simplify the task to introduce Inductosyn to new customers. Most 
presentations of technical products today are print, or web based documents consisting of 
static text and images. By trying out this new approach as a complement to the marketing, the 
company hopes to stand out from the crowd and be able to present a demonstration that is so 
visually appealing, informative and entertaining that no competitive company can match it. 
The commercial goal is of course to increase the sales of the product and reach new 
customers.   
 

2.2  My assignment in the project 
 
My assignment in this project is to capture the company’s requests, come up with 
visualization concepts and finally implement everything in a series of applications the 
company can use. My initial work therefore consists mainly of choosing a visualization 
platform and creating the visualization concepts. The implementation phase of my work 
consists mainly of graphics programming, design and 3D modelling.  
 

2.3  Specifications on content 
 
The company had a clear picture of what they wanted me to visualize, not on a detailed level, 
but on a more high level. There are two main specifications.  

The first one is to visualize the operating principle together with the product. They 
wanted an application, primarily where it was possible to view 3D models of the Inductosyn. 
When running the program, the user must be able to rotate and zoom in/out on the model 
without limitations. In addition to the 3D models, they wanted me to create a visual 
simulation of the product’s operating principle, as described in chapter 11, and connect the 
simulation results with graphics. The simulation must be interactive and it must be possible to 
rotate the Inductosyn back and forth with a user defined angular velocity.  
The corresponding angle, which is retrieved from the analog signal output must be visualized 
both in analog and in digital format. As a complement to the visual simulation and the 
graphics, it is desirable if text and images can be included in the demonstration to describe the 
operating principle even further, if the user wishes to read more. 

The second main specification is to visualize two application areas where the 
Inductosyn is being used. The goal with these applications is to show the benefits of the 
product and how it works in the environment it is being used. It is preferable if the product 
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and its mechanical operation can be seen inside the equipment where it is mounted, using 
some kind of transparency. In order to see the product in action, the moving objects in the 
scene must be animated.   

The whole accuracy aspect must preferably be visualized in order to highlight the great 
precision of the product and how it is utilized in the applications. It would also be beneficial if 
the accuracy configuration could be interactive in that sense that the user may have the 
possibility to change it and see what effects it has on the simulation.  

It is preferable if the user can focus and view the scene’s different components through 
different “cameras” at any time when running the application.  

The number of application areas to be visualized depends on time. One requested 
application to be visualized is the Air Surveillance Radar Application. More details on that 
particular application is presented in chapter 5.4. 
 Since the initial specification was more conceptual and not very detailed, it was up to 
me to create the content from the outlines given by the company. We decided in the beginning 
of the project to have an incremental and iterative approach to the system development 
process, where I would build the applications increment by increment and evaluate the results 
on weekly basis together with the company management. This was the best method to work 
with the project since we didn’t have a completely clear picture of what the end result would 
look like, only what we wanted to communicate to the customers.   
  

2.4  Specifications on the technical platform 
 

Interactive Graphics 
 
To fulfil the company’s request, the technical platform must be able to handle interactive real-
time 2D and 3D graphics. This means that all simulations and animations must be calculated 
and rendered in real-time. Pre-rendered graphics in form of a movie is not good enough.    
The user must have the possibility to interact with the application. 
 

Texts and Images 
 
The technical platform must be able to show both text and images in the application. 
 

Equipment 
 
It must be possible to run the application and the technical platform on a standard computer, 
with no exceptional hardware or software required. A standard computer is considered to be a 
desktop or laptop sold today with a modern CPU, RAM memory and graphics card. 
The project is to be developed on a Dell Inspiron 8600 with an Intel® Pentium® M 1.7 GHz 
CPU, 512 MB RAM and ATI Mobility Radeon 9600 Pro Turbo graphics card with 128 Mb 
memory, which is a machine with a price tag below 2 000 USD. 
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Operating System 
 
Since most users worldwide run Microsoft Windows on their machines, the project must be 
able to run on that operating system. It is preferable if the application is platform independent 
for future development on another operating system. 

Distribution 
 
The company would prefer if the application could be integrated into the company website 
with the possibility to run it online. Otherwise it must be possible to distribute the application 
in another way to Inductosyn representatives around the world. 
 

Open Standard 
 
The technical platform must be based on an open standard. The reason is that open standards 
tend to survive and evolve better, in the long run, than expensive and closed commercial 
standards owned by companies. Furthermore, I wanted to avoid a scenario where a lot of 
effort and resources are put into a project where the technical platform for some reason 
disappears from the market or stops developing. Then the work might have been wasted, and 
to develop the project, it needs to be restarted from scratch all over again. By choosing a well 
spread open standard, I hope to make a strategically wise decision, where the foundation of 
the project can be laid today and improved over time as the standard evolves. 

Licensing 
 
No big budget is assigned for system licensing. Therefore the possibilities with open source 
solutions should be explored. The price is not the only aspect of choosing an open source 
solution, but also the strength of the open source world, since it often is based on open 
standards.  

If no open source choice is good enough, a commercial product with an affordable 
license will be purchased.  
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3.  Visualization Platform 

3.1  How to choose 
 
The best choice of visualization platform is the one that maximizes the technical, licensing 
and productivity aspects.  

Technical Aspects 
 
When choosing a visualization platform, it must fulfil the technical specifications for the 
system. The requirement to fully handle interactive 3D and 2D graphics and be based on an 
open standard automatically leads the thoughts to some kind of OpenGL based solution. The 
only requirement that can’t be met in such a solution is the possibility to integrate the solution 
on the company website and run it online.   

Licensing Aspects 
 
Since the licensing requirement from the company was to use an open source solution if 
possible, the focus of the technical platform research has been on open source solutions. 

Productivity Aspects 
 
The productivity aspects are very important and must be considered highly when choosing 
technical solution. The most brilliant visualization platform is useless if the production time 
takes forever. It is therefore desirable if the technical platform enables as rapid development 
as possible.   

3.2  OpenGL 

3.2.1 Introduction 
 
OpenGL, Open Graphics Library, [2] is the leading and most used software interface to 
graphics hardware. Furthermore, it is an API to produce high performance interactive 2D and 
3D graphics to be displayed on hardware supporting the standard. It was introduced in 1992 
and developed by Silicon Graphics Inc. Today it is controlled by an independent consortium, 
the OpenGL Architecture Review Board. The library is the most open graphics standard with 
broad industry support from the CAD/CAM, Entertainment, Medical Imaging and Virtual 
Reality industries among others. All major manufacturers of modern graphics cards support 
the standard and its extensions. 
 
OpenGL’s main competitor is the standard DirectX [3], which is a graphics library for the 
windows platform owned and developed by Microsoft. OpenGL has the benefits against 
DirectX that it is a more open standard, since it is not controlled by a company, and it is 
platform independent, which DirectX is not.  
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3.2.2 Technical overview 
 
The main features of OpenGL [4] are the graphic primitives, the state machine and the matrix 
manipulations. The graphics primitives such as points, lines and polygons are the objects used 
to create geometry. The state machine handles the state or mode of the drawn object. Such 
states include among others colour, textures and lightning. Matrix manipulations, are just like 
in linear algebra used to rotate, scale, translate and project geometries. 

3.2.3 How does OpenGL meet the project specifications? 
 
From a technical point of view, OpenGL is an excellent choice. It is more or less developed 
for interactive 3D graphics. Licensing is not a problem, since it is completely free for 
everybody to use. The standard is extremely open. The only real disadvantage with OpenGL 
is the productivity aspects.  
The API is low level and if this project with all specifications were to be implemented in pure 
OpenGL, thousands and thousands lines of code and functions would have to be written 
before even starting to think of the content of the visualization and the goal of the project. 
That is a big drawback which makes OpenGL a bad choice of technical platform in this 
project. 
 

3.3  Scene Graph 

3.3.1 Introduction 
 
A scene graph [5] is basically a hierarchical tree structure with a root and child nodes. The 
content such as 2D and 3D graphics are put into those nodes. A scene graph is, in most cases, 
built as a toolkit, one abstraction layer over the graphics library. The reason scene graphs 
entered the computer graphics scene was due to the many problems developers had working 
with the graphics libraries alone. It was hard to manage efficient rendering of complex scenes, 
manage large number of objects, handle interaction, maintenance and updates of the graphics 
applications. The scene graph helps the developer with all of those problems, both the 
productive and the technical ones. 
 

.
Display

GPU
Hardware Rendering

OpenGL

Scene Graph

-------------------------------------------------------------------------

Software

Hardware

 
Figure 4: The technical architecture of a scene graph based on OpenGL 
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The scene graph approach makes applications easy to produce, manage and update, since the 
tree structure with a root and underlying nodes and groups is so superior to other 
representations. The tree structure analogy is seen everywhere around us: A tree with 
branches and leaves, a car with wheels and tyres. That makes the structure feel natural when 
building artificial computer graphics models of real objects. 

Efficient rendering and utilization of the rendering pipeline is a difficult process. The 
scene graph optimizes the rendering process with concepts not provided by default in the 
graphics library, such as OpenGL. 

3.3.2 How do scene graphs meet the project specifications? 
 
The principle of a scene graph is preferable for this project: Based on a standardized graphics 
library and offering high performance rendering and rapid application development. There are 
a number of scene graphs available on the market, with different features and target groups.  
I have evaluated the most well known scene graphs on the market, by browsing their websites 
and trying to give myself a clear picture of which one is most suitable for this project. 
 
 OpenInventor Performer VTree Vega/Vega 

Prime 
OpenSceneGraph

Operating 
system 

Irix, Linux Irix, Linux, 
Windows 

Irix, Linux, 
Windows, 
Solaris 

Irix, Linux, 
Windows 

Irix, Unix, Linux, 
Windows, 
FreeBSD, Mac OS

Licensing Open Source Commercial
license 

Expensive 
commercial
license 

Expensive 
commercial 
license 

Open source, free 
software 

Technology Old, no 
development 

Created for 
SGI 
hardware 

Very 
advanced 

Very 
advanced 

Most advanced 
among the open 
source solutions 

Activity Low Low High High High 
Figure 5: Table of the most common scene graph systems 

 
SGI, the same company that invented OpenGL, has also developed two scene graph systems: 
Open Inventor and Performer. They are both based on OpenGL, are high performance and 
well known worldwide.  
Open Inventor [6] is open source, but only available to be compiled on the Unix based Linux 
or Irix platforms. Furthermore, the development of the scene graph appears to have stopped. 
The latest posted news on the website is dated to 2000/08/15.  
Performer [7] is more up to date, but associated with commercial licenses that do not meet the 
project specifications. 
 
VTree [8] is a very advanced graphics toolkit. It is so much more than just a scene graph, but 
has all the features a modern scene graph should have. The users of VTree include Lockheed 
Martin, U.S. Marine Corps and military research and training companies around the world, 
creating military simulators. Extremely high performance graphics applications can be 
developed using this toolkit. The big drawback is of course the expensive licensing. 
Furthermore, using VTree for this project would be overhead.  
VTree is too advanced and expensive for the project specifications. 
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Vega/Vega Prime [9] is another premium graphics toolkit, maybe the most advanced one 
available. It aims at the same customer segment as VTree with expensive licenses and high 
equipment specifications. 
 
OpenSceneGraph, OSG [10] most widely used and best known scene graph system at present. 
It is a high performance, multi platform, open source, scene graph based on OpenGL. This is 
the choice of scene graph that best maximizes the project specifications in terms of technical, 
licensing and productivity aspects.  
 
The news portal for visual simulation and training industry professionals, modsim.org [11], 
recently had an online poll on their website on the users preferred choice of scene graph, and 
OSG had a vast majority with over 50 % of the votes. The poll doesn’t tell the number of 
participants, but it is interesting anyway and shows that OSG is growing its popularity and is 
good enough to be able to compete with the big manufacturers of scene graph systems.  
 

 
Figure 6: Results from an online poll where OpenSceneGraph received more than 50% of the votes 

3.4  3D Visualization on the Internet 
 
The most famous 3D visualization plugin for internet browsers is Cult3D [12] from the 
Swedish company Cycore. 3D models are exported from the modelling software using the 
Cult3D Exporter and published on the website using a plugin called The Cult3D Viewer. The 
purpose with this software is to be able to publish a 3D model on the internet and give the 
user the ability to rotate, scale and look at on a website. The purpose is not to be able to create 
high performance visual simulations. Therefore, Cult3D and visualization on the internet is 
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not good enough at present time, to be able to create this project with its specifications and 
run it online on a webpage. 
 
If there was some kind of plugin available that would enable the user to run OpenGL based 
applications inside the frame of an internet browser, I would consider it to be more interesting 
and a possible solution for this project.  

3.5  Game Engine 
 
To license a Game Engine is one option I never really looked deep into, due to the fact that 
they often are expensive to license and provide a lot of functionality not needed for this 
project. Game Engines can be considered to be one abstraction level over a scene graph 
structure with additional features like sound, collision detection and computational physics. 
OpenGL and Scene Graph technology suits our needs better. 

3.6  Final choice of visualization platform 
 
My final choice of visualization platform is the scene graph OSG. That is due to the fact that 
OSG is the solution that best maximizes the technical, licensing and productivity aspects. It is 
based on OpenGL, the open standard graphics library for high performance graphics. OSG is 
open source and fulfils the licensing specifications of the project. The scene graph structure 
benefits rapid development of the application and it is possible to focus on content instead of 
low level graphics calls.  
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4.  OpenSceneGraph 

4.1  Introduction to OpenSceneGraph 
 
OpenSceneGraph is, as the name implies, an open source scene graph. The first beta version 
was released in July 2002 and in only three years time, OSG has established itself as a rather 
complete scene graph with modern technical features as well as a clean and robust API that is 
completely open source and free to use.  

4.2  Technical Benefits 

4.2.1 Architecture 
 
OSG is a graphics toolkit built on top of OpenGL. It consists of a collection of libraries: 
 
 

Display

GPU
Hardware Rendering

OpenGL

OSG

osg osgUtil osgDB osgText osgParticle osgGA osgProducer

Core Libraries Node Kits Window Utility Libraries

-------------------------------------------------------------------------

Software

Hardware

 
Figure 7: OpenSceneGraph Libraries in a computer graphics context 

 
 
The core libraries contain all central classes to set up a scene with a hierarchical structure 
such as nodes and groups. Other fundamentals are functions to traverse the tree for animations 
and updates, file loading of 3D models and textures.  

Node kits are add on libraries that extend the functionality to the scene graph. Features 
the core OSG doesn’t have, for example libraries to handle TrueType text or Particle effects.  
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As in OpenGL, the viewer in OSG is separate from the core API. The reason for that in 
OpenGL is to make the API independent from any window system or operating system [16 
OpenGL red book], and the creators of OSG have the same outlook on this issue. There is a 
window utility library available though, to provide OSG with a standard viewer and event 
handler for interaction.     

4.2.2  Culling 
  
Culling is a tremendous optimization to the computer graphics rendering process, and it is one 
of OSG’s most important features. Culling is equivalent to removing, and in this case it is 
about removing objects in the scene that don’t contribute to the final rendered image.  
 
View frustum culling removes all objects that are outside the view frustum. Only the objects 
inside the visible 3D space are sent forward to the hardware for rendering.  
 

 
Figure 8: View frustum culling 

 
Occlusion culling [17] is the process of removing hidden objects within the view frustum.  
 
 

 
Figure 9: Occlusion culling 

 
Small feature culling sorts out small objects below a certain threshold, and they are not sent to 
the graphics hardware for rendering.   
 

 
Figure 10: Small feature culling 
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4.2.3 Level of Detail 
 
Level of detail, LOD,[18] is a concept of drawing objects with different degree of detail 
depending on the distance between the viewer and the object. The reason for doing this is, just 
like a lot of other tricks in real time graphics, to improve performance. It is unnecessary to 
draw highly detailed objects, if they aren’t seen be the viewer anyway, so it is better to render 
far away objects with less polygons and smaller textures. The closer the viewer gets to the 
object, the low polygon model is switched to a more high resolute one, with greater level of 
detail. OSG has implemented LOD in a group node which can switch between different 
detailed child nodes depending on the distance between object and viewer. 
 
I haven’t used it though in this production, since it hasn’t really been necessary. The 3D 
models used are modelled with a modest level of detail. Furthermore, small feature culling, 
removes small details that don’t need to be seen. 

4.2.4 State sorting 
 
OpenGL is a state machine. A state is, as mentioned earlier, a mode with properties that are 
assigned to the objects that are being drawn. Such states include colour, textures, culling and 
lighting among others. These states remain until they are changed. In an OpenGL application, 
multiple state changes can easily cause a bottleneck in the rendering pipeline and therefore 
drag down the performance of the application. This is what happens in the case where 
multiple objects with different state properties are rendered randomly, which leads to many 
state changes and jamming of the graphics card’s data bus. OSG’s, and many other similar 
scene graph’s, solution to this problem is state sorting. The concept of state sorting is that all 
objects with common states are rendered together at the same time. In a scene with lots of 
objects with different states, state sorting can reduce the number of state changes to a few and 
optimize the drawing performance tremendously. State sorting is therefore one of the scene 
graph’s really big advantages compared to basic OpenGL.   

4.3  Productivity 

4.3.1 Benefits 
 
The productivity benefit of using a scene graph like OSG is tremendous compared to 
OpenGL. Since OSG is a toolkit built on top of OpenGL, nearly all of its features are 
supported and can be accessed with simple OSG calls. The benefit is, of course, that the 
programmer writes a dozen lines of code and obtains the functionality of thousands line of 
OpenGL code. When implementing an application, the programmer can focus on the content, 
and not low level coding. This is an important productivity aspect. 

A simple example to illustrate this is how to import a 3D model, add it to a node in the 
tree and perform matrix operations like translation, rotation and scaling to it: 
 
// Add model to the node “myNode” 
osg::Node* myNode = osgDB::readNodeFile("3dModel.osg"); 
 
// Set up a matrix transform “positioned” 
osg::MatrixTransform* positioned = new osg::MatrixTransform; 
  positioned->setMatrix(osg::Matrix::translate(10.0f,0.0f,10.0f)* 
          osg::Matrix::scale(size,size,size)* 
          osg::Matrix::rotate(osg::inDegrees(30.0f),0.0f,0.0f,1.0f)); 
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// Add “myNode” as a child to “positioned” 
positioned->addChild(myNode); 
 
The result of the code above is that a 3D model is imported by using the library osgDB, which 
is a database loader with support for a large number of data formats. The 3D model is added 
to a node and by the matrix transform translated to X: 10 and Z: 10, scaled and rotated 30 
degrees on the Z-axis.  

If the equivalent function would have been coded from scratch in OpenGL, it would 
have required from the programmer to first write a file loader, a scene structure and a matrix 
library. In OSG all functions are available for the programmer to use. 

4.3.2 Node kits 
 
As a complement to the core OSG library there are additional libraries available called 
Nodekits. One of them is osgText, which is a TrueType nodekit that enables high quality fonts 
to be used in OSG. I will use that node kit since the possibility to use text in the presentation 
is one of the project specifications. From a programming point of view, there is no difference 
between using classes from the core OSG than from a nodekit such as osgText. To illustrate 
that, here is how I used osgText in the applications. 
 
A new text object is created. 
 
osgText::Text* textGraph = new osgText::Text; 
 
Properties such as font, character size, position, colour and the string with text are easily 
assigned to the text object. 
  
textGraph->setFont(timesFont); 
textGraph->setCharacterSize(11); 
textGraph->setPosition(positionSpeedCycle); 
textGraph->setColor(osg::Vec4(1.0f,1.0f,1.0f,1.0f)); 
textGraph->setText("Speed Cycle"); 

4.4  Documentation 
 
One can tell that the OSG project is still immature with regards to the documentation.  
The only documentation available is a reference guide to the OSG API, generated by 
Doxygen from the source code. As a complement to that guide, there are a collection of 
programming examples from the authors, and some tutorials written by enthusiasts, available 
online. There is no other official literature about OSG.  
 As a newcomer to the API, I would have appreciated a book with guidelines of how to 
structure a program for best performance, easiest implementation and programming tips. 
On the OSG website, there are vague promises of an upcoming book, and hopefully it will 
come soon, because the poor documentation is, as I see it, one of the API’s biggest 
drawbacks.  
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4.5  Support 
 
Support is available in many forms, both commercial and free. The authors of OSG, Robert 
Osfield and Don Burns, offer professional support, consulting and training through their 
companies Open Scene Graph Professional Services and Andes Engineering.  

For general discussions, questions and news there are public mailing lists available. In 
commercial projects, the mailing list may not be sufficient to rely on as the only source of 
support, since the user never can be sure to get an answer. Furthermore, the answer may not 
be the solution the user is looking for and it may not be correct. From my experience though, I 
must give credit to the enthusiasm among the users for their willingness to share ideas and 
reply to each others questions. The community has more than 900 users and the traffic on the 
mailing list is intense. During the period from September 2004 to February 2005, the founders 
and contributors to OSG have been active in discussions and involved in helping users with 
various problems.   

4.6  Open Source 
 
OSG is licensed as Open Source, which means that it is free for everybody to use without 
having to buy a license. According to the Inductosyn project specification, this type of license 
is desirable and one of the main reasons for choosing OSG as the technical platform for the 
project. 
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5.  Strategy 

5.1  Overview 
 
In scientific magazines, technical illustrations are used to give the reader a better picture of 
the technical text in the article. The reason for that is, of course, that an image can easily 
explain matters that a person find hard to grasp only by reading a text.  

My ambition with this project was to lift the technical illustration to the next level and 
create a living technical illustration. In order to achieve that, I have tried to bring together an 
interactive environment with exciting, animated 3D graphics, text, images and interactive 
content.  

I found out early in the project that the company’s request was difficult to incorporate 
into one application. Therefore I decided to subdivide it into four applications. The first two 
would visualize the operating principle of the Incremental and Absolute Inductosyn. The 
third, Air Surveillance Radar Application, and fourth, Air Defence System Application, would 
visualize the benefits of the Inductosyn in typical application areas. 

The challenge to create successful applications has been both creatively and technically 
difficult. The first task was to gather information about the product and its applications and 
come up with creative ideas of how to present and visualize it. The second task was to 
produce all components for the project, such as 3D models, graphics, GUI, and text material. 
The third and last task was to implement all content in OSG, an extensive and technical task 
with months of programming.  

 

5.2  Incremental Inductosyn 
 
The Incremental Inductosyn is the most basic configuration where incremental position 
information can be presented as a serial stream of incremental position pulses.  

My visualization concept for the incremental Inductosyn and its operating principle is 
primarily to present a detailed 3D model of the Inductosyn’s rotor and stator. Since this is an 
application for presentations, it is essential that the model is accurate and has a realistic 
feeling to it. But a good looking 3D model doesn’t explain its operating principle all alone. To 
achieve that goal, I will create a visual simulation based on the company’s mathematical 
model for the operating principle of the Inductosyn. By using that model, it will be possible to 
show the Inductosyn’s signal output depending on the angular position of the 3D model. I 
want to make the application completely interactive in the sense that the user can rotate the 
product in any direction at any velocity and see the corresponding signal output, which 
explains the operating principle. The fact that the user can interact with it will hopefully give 
a better insight of how it works.  

As a complement to the visual simulation, descriptive texts and images will be 
implemented. Also that information is interactive and can be browsed and toggled by the user.  
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5.3  Absolute Inductosyn 
 
The Absolute Inductosyn is a more advanced configuration where absolute position 
information always can be obtained. Further details on how that is achieved can be found in 
section 6.2.2. 

The strategy for this application is similar to the Incremental one. The 3D model of the 
product and its operating principle are in focus. The only difference is that the operating 
principle is a little different from the one above. The purpose with this application is to show 
the difference between the Incremental and the Absolute configurations, and the benefits an 
Absolute configuration has over the other.  
  

5.4  Air Surveillance Radar Application 
 
The reason for choosing Air Surveillance Radar to represent one of Inductosyn’s application 
areas was that all of its features are utilized here. The company also explicitly asked for this 
type of application to be visualized, since it is such an interesting field for them, with a lot of 
potential business opportunities.  

The aviation industry has very strict requirements to follow from aviation authorities 
around the world. The reason for that is of course to keep the air space secure and minimize 
possible accidents.  

The ASR-11 Digital Airport Surveillance Radar (DASR) [13] is the next generation air 
traffic control radar. It operates in the range up to 120 miles, but primarily up to 60 miles 
from the Airport. The Inductosyn Rotary Transducer is used for rotary measurement of the 
incoming radar signals. It is assembled in a so called Rotary Joint [14] where the rotor follows 
the rotating shaft of the radar and the stator is assembled in the fixed part of the joint. 

The reason for using Inductosyn in this type of radar turning gear application is because 
of the extremely high reliability, high accuracy and the elimination of mechanical coupling 
errors. The Inductosyn in this application has a redundant incremental configuration to 
provide extra reliability. The 256 pole / 128 speed Inductosyn configuration gives the system 
a total accuracy of at least 10 arc seconds, which is very accurate. In fact, the accuracy of the 
Inductosyn unit is even higher, but the manufacturer of the DASR has deliberately chosen to 
use A/D converter electronics with a lower resolution than possible, for some reason.  
The elimination of mechanical coupling error is another strength the Inductosyn has against 
its main competitor, the optical encoder, which is associated with such backlash errors. This is 
due to the fact that they must be mechanically assembled with gears in a similar rotary joint. 
Also the quality and lifetime expectancy cannot compete with the Inductosyn. All the benefits 
of the Inductosyn make it an excellent choice of position measuring device for this type of 
application. 
 My goal with the visualization of DASR is to show the benefits described above.  
The Inductosyn’s mechanical operation inside the rotary joint, assembled with the radar’s 
turning gear is one fundamental feature, which is pretty straight forward to implement.  
3D models of the components will be created and simply animated in the same way the 
configuration works in the real world. The visualization of the radar functionality and 
accuracy aspect of the Inductosyn is not as straightforward. It is obvious that to visualize the 
concept of a radar system, a target to be captured by the radar is needed. Since this is a radar 
application for commercial aviation, I decided to let the target be a commercial aircraft flying 
inside the area of the radar’s range. To show that the radar is working I wanted to add an 
illusion of pulses coming from the radar and echoing off of the target.  The hardest part was to 
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come up with a good idea of how to indicate the accuracy of the detected target. Some initial 
ideas were to add two sphere’s around the target, where one of them indicated the real 
position of the aircraft and the other one indicated the inaccuracy. I tried to implement a 
prototype, but it didn’t give the effect I wanted to create. The reason for that was that the 
sphere is very different in shape than the aircraft, and the sphere made the inaccuracy seem to 
be bigger than it really is. Of course, that is not preferable since this demonstration has the 
purpose to show the benefits of the Inductosyn. My final solution was to introduce the 
concept of a Ghost plane to indicate the accuracy. Details on the implementation are presented 
in section 6.3.3.   

5.5  Air Defence System Application 
 
Inductosyn has always been a supplier of products for different military applications. The 
specifications in military projects are often extreme, and Inductosyn is well suited for extreme 
conditions. Since military applications are an essential part of the company’s business I 
decided to pick a typical military application as the second application area to visualize.  
One project they wanted to highlight is a missile launcher where an infrared camera is used to 
capture target positions. This infrared camera is mounted on a 2-axis gimbal where 
Inductosyn’s are used on the two axes to measure launching angles for the detected target. 
The launching angles are then transmitted to the missile launcher. One of the reasons 
Inductosyn is used in this application is because it can give position feedback to the missile 
launcher and the fired missiles with great precision in the range of 5 – 10 arc seconds.  
 
The goal with this application is to visualize how the Inductosyn’s operate inside the gimbal 
as the camera tracks a moving target. Since a typical target is a missile, I decided to use one as 
the target. The accuracy aspect is, of course, an important feature to show and I will use the 
same approach as in the Air Surveillance Radar Application but with a ghost missile to 
indicate how small the position error can be.  
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6.  Implementation 
 
The implementation phase is where all creative ideas, theory and visions are translated into 
computer models, graphics, colours and lines of code. 

6.1  Incremental Inductosyn 

6.1.1 Setting up the scene 
 
This application’s central components are: 
 

• 3D model of the 128 speed Incremental Inductosyn  
• GUI containing the signal output, text and images 

 
 
 

 
Figure 11: The Incremental Inductosyn Application 

 

6.1.2 The Inductosyn 
 
Most important when creating the 3D model of the product is to make it look realistic. In 
terms of texturing I have used a reflection map texture [15] to present the parts that are made 
of hot rolled steel. This gives the object a shiny illusion that looks like steel. Reflection maps 
are easy to render and are preferable in real time graphics, compared to more advanced 
methods that can be used in realistically rendered images. To the other parts of the model that 
aren’t made of steel, I have only applied colours. The printed circuit pattern on the rotor 
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element is often etched copper and I found out that a colour alone is sufficient to represent 
that, and gives a clear picture of how it looks. I have tried to minimize the use of textures if 
possible, since the performance of the application decreases as more textures are used.  
 I have chosen to model a 128 speed version of the Inductosyn in this visualization (one 
speed is one period on the printed circuit pattern). A 128 speed configuration means therefore 
that there are 128 periods spread over 360º on the units. From a modelling point of view I 
wanted to create a pattern that was possible for the user to interpret and clearly see. If I had 
used a 256 speed configuration, it would be very hard to see the details of the printed circuit 
since they would be lying so very close to each other. Using a 32 speed configuration would 
send a message to the user that the product isn’t high precision. As described earlier, the 
higher number of speed, the higher precision is possible. 
To summarize: 128 speed is a good choice that is easy to visually grasp and at the same time 
gives a good representation of the Inductosyn’s high precision product. 
 

6.1.3 Visual simulation 
 
I have created a visual simulation of the Inductosyn operating principle. The goal with this 
visual simulation is to be able to rotate the product in the application and see the 
corresponding signal output. To achieve such a simulation I had to incorporate the company’s 
mathematical model for it.  
 

 
Figure 12: Block diagram of the operating principle 

 
 
The central concept is that an excitation signal, fexc, is applied to the Inductosyn. 
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A proportional signal output with one sine and one cosine component is generated. These two 
signals, fms and fmc, are amplitude modulations of fexc. 
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Modulated cosine: ⎥
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As the rotor rotates, the amplitude of fms and fmc changes with the change of phase.  
The demodulated signals of fms and fmc are fds and fdc. 
 

Demodulated sine: ⎟
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Demodulated cosine: ⎟
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The period of fds and fdc is equal to the length of one speed which is the length of one period 
on the printed circuit pattern. Since I have decided to use a 128 speed Inductosyn in this 
application, there will be 128 fds and fdc periods in a 360 º revolution.  
To be able to establish a relationship between the signal outputs in one speed with the rotation 
of the rotor, I have to calculate the cyclic pitch, which is the angle one speed represents on the 
rotor and stator. One speed in the 128 speed configuration represents 360/128 º.  
When the simulation is running, I simply update the phase with the same increment of 
rotation as I rotate the 3D model with. 
 
 

 
Figure 13: The implemented signal output in the application 

 
 
What steps are required to go from a mathematical expression to drawing that expression as a 
plot in the application? I haven taken the approach of first creating a vertex array, which is an 
array with values that represent the position of a vertex. Since a period is 360º, I decided to 
create an array with the length of 360 values, one for each pixel on the screen. By sampling 
the mathematical expression to 360 samples, I assign each value to the corresponding position 
in the vertex array. The vertex arrays are added to a geometry set in OSG. To separate the 
different signals from each other visually, I assign different colors to them. The final step is to 
connect the vertices with each other using a graphics primitive. I have used line strips, since I 
wanted the plots to look like continuous functions, not sampled values. When the phase is 
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updated during the simulation, the values in the vertex array are re-sampled from the 
mathematical expressions, and re-drawn on the screen. 

6.1.4 GUI 
 
I wanted to create an application where the 3D model of the product is in the foreground and a 
2D GUI is placed in the background, as can be seen in figure 10. That is because the product 
is the most essential part of the presentation, but the other components such as the 
corresponding signal output and the descriptive texts and images are important to highlight 
the operating principle and the benefits with the product. To give the GUI a nice look, I 
decided to create the background graphics such as the frames in which the content is 
presented as textures. A texture is a 2D image that is mapped to coordinates in a geometry. In 
this case the coordinates are in 2D, since the GUI itself is projected as 2D in the 3D world. 
 
To import a 2D image, texture it and place it in the background in OSG, I had to start with 
creating a new geometry. 
 
osg::Geometry* gridGeom = new osg::Geometry(); 
 
A geometry cannot exist all alone in OSG, but have to be added to a Geode which is a leaf 
node for drawables in the scene graph. 
 
osg::Geode* geode = new osg::Geode(); 
geode->addDrawable(gridGeom); 
 
I add an array of four (x,y)-coordinates, which are the corners that enclose the texture. The 
coordinates are the coordinates on the screen where I want to texture to be placed.   
 
osg::Vec2Array* vertices_grid = new osg::Vec2Array(4); 
(*vertices_grid)[0].set(1100.0, 1024.0); 
(*vertices_grid)[1].set(1100.0, 512.0); 
(*vertices_grid)[2].set(1612.0, 512.0); 
(*vertices_grid)[3].set(1612.0, 1024.0); 
 
gridGeom->setVertexArray(vertices_grid); 
 
I define which coordinates respond to which corner of the texture and add the texturing 
information to the geometry. 
 
(0,1) (1,1)

(0,0) (1,0)  
Figure 14: Texture mapping coordinates 
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osg::Vec2Array* texcoords = new osg::Vec2Array(4); 
(*texcoords)[0].set(0.0f,1.0f); 
(*texcoords)[1].set(0.0f,0.0f); 
(*texcoords)[2].set(1.0f,0.0f); 
(*texcoords)[3].set(1.0f,1.0f); 
 
gridGeom->setTexCoordArray(0,texcoords); 
  
The graphics primitive used for the geometry is a quad, which is ideal for a square with four 
corners. 
 
gridGeom->addPrimitiveSet(new 
osg::DrawArrays(osg::PrimitiveSet::QUADS,0,4)); 
 
The image is imported and added to texture. 
 
osg::Texture2D* texture = new osg::Texture2D; 
texture->setImage(osgDB::readImageFile("GUI_background.jpg")); 
 
I add the image as a texture to the geometry, disable the lighting and place the geometry as far 
back as possible in the rendering environment. The changes are implemented as a state, as we 
know from OpenGL. 
 
osg::StateSet* stateset = gridGeom->getOrCreateStateSet(); 
stateset->setTextureAttributeAndModes(0,texture,osg::StateAttribute::ON); 
stateset->setMode(GL_LIGHTING,osg::StateAttribute::OFF); 
stateset->setAttribute(new 
osg::Depth(osg::Depth::LESS,0.999999,0.9999999999)); 
 
The geometry is added to an absolute modelview. 
 
osg::MatrixTransform* modelview_abs = new osg::MatrixTransform; 
modelview_abs->setReferenceFrame(osg::Transform::RELATIVE_TO_ABSOLUTE); 
modelview_abs->setMatrix(osg::Matrix::identity()); 
modelview_abs->addChild(geode); 
 
The final step is to add the modelview to an orthographic projection. 
 
osg::Projection* projection = new osg::Projection; 
projection->setMatrix(osg::Matrix::ortho2D(0,1680,0,1050)); 
projection->addChild(modelview_abs); 
  
The reason for me to take this approach to it is that OSG doesn’t contain any GUI Library that 
can be utilized to create a GUI. So the solution of using textures as background, and adding 
signals, text and images on top of that was a solution that was pretty easy to implement and 
gives a professional look to the application. The concept of having the GUI in the background 
and the 3D model floating over it wouldn’t be possible to implement if it wasn’t for this 
approach. 
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6.1.5 Interaction 
 
One of the main reasons for using real-time graphics in this project is due to the requirement 
that the user must be able to interact with the applications and affect the simulations and 
choose what information to display in the GUI. This is the interactive features: 
 
+ Increase rotational speed 
- Decrease rotational speed 
<F1> About Farrand Controls 
<F2> Inductosyn Operating Principle 1 
<F3> Inductosyn Operating Principle 2 
<F4> Inductosyn Operating Principle 3 
<F5> Inductosyn Operating Principle 4 
<F6> Inductosyn Operating Principle 5 
<F7> Features and Benefits 
<F8> Features and Benefits 
<F9> Information 
<F10> Toggle GUI on/off 
<ESC> End Application" 
 

6.1.6 Art Direction and Corporate Identity 
 
Since this entire project is made for a company, it is very important to highlight the corporate 
identity and make the applications feel like the company is the producer of them.  
I have tried to do that in two ways. The first way is to use the corporate colours in the 
application’s GUI. The primary colors are three blue colors with different tone.  
The orange colour is used by the company as an accent colour, due to the fact that copper 
winding on the Inductosyn product has that colour and therefore, it has become sort of a 
trademark for them. The light grey colour is used for the texts in the GUI. The reason for 
choosing that colour and not white is because white is so sharp. Grey is more subtle, and the 
text is still easy to read. As a complement to the corporate colours, the logotype is of course 
used in all of the applications and positioned at the same place to create a uniform impression.  

 
Figure 15: Colours used in the applications 
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My second approach is trying to create an engineering feeling in the applications, since the 
company is an engineering company and the target audience of the applications are typically 
engineers as well. I have implemented this in the following ways. The graphics surrounding 
the analog signal output is designed to look like an oscilloscope, since that is the normal 
device used to review the signal output. The digital output is presented in a frame that is 
similar to the company’s own Digital Readout, a product that shows the angle in a digital 
format. I have used a TrueType font called Digital for the digital readout, because the 
characters look exactly like they do in the real version of the digital readout. In all other text 
in the application, the font Arial is used, due to the fact that it is a sans-serif that is easy to 
read on the screen. 

Furthermore, all frames that contain GUI content are designed to look like an electrical 
device with two diodes in the upper corner, with the ambition to bring the users thoughts to 
the world of electrical engineering. 
 

 
Figure 16: Example of the engineered GUI frame 

     



   

31(43) 

6.2  Absolute Inductosyn 

6.2.1 Setting up the scene 
 
This application’s central components are: 
 

• 3D model of the 128/127 speed Absolute Inductosyn  
• GUI containing the signal output, text and images 

 

 
Figure 17: The Absolute Inductosyn Application 

 
 

6.2.2 Absolute Inductosyn 
 
The difference between incremental and absolute Inductosyn’s is that the absolute can always 
determine which electrical speed it is in and the angular position, even if the electrical 
excitation signal is switched off and on. To achieve this feature the company have developed 
a method called N/N-1, where N is the number of speeds. This configuration incorporates two 
transducer patterns both with a large number of electrical cycles per revolution but differing 
by one cycle in the number of electrical cycles. In this case it is a 128/127 speed 
configuration. Since the digitized cyclic positions of both patterns are absolute within one 
electrical cycle and since the apparent progress through the electrical cycles of the two 
patterns will be at different rates for the same rate of physical rotation, the absolute cyclic 
positions of the two patterns will undergo a continual differential shift with relative rotation 
between the rotor and stator. Subtraction of the digitized absolute cyclic position outputs of 
the two patterns generates digital coarse position information which can then be logically 
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combined with the original digital absolute cyclic position data from one of the two patterns 
to form a completely absolute position output of high accuracy and high resolution.  
 

6.2.3 The application 
 
From an implementation point of view, the difference is small from the Incremental 
Inductosyn application. Of course I had to create a 3D model of the Absolute Inductosyn with 
two patterns, 128/127 speeds, instead of one. The signal output are two channels, coarse and 
fine, instead of one. The digital output also shows which speed the Inductosyn is in at every 
step in the simulation. But apart from that, the whole application is based on the solution I 
have created in the incremental case. It has the same interactive features and GUI elements.  

The purpose with this application is to show how the absolute position is achieved and 
the benefits against the Incremental configuration. When the user runs the simulation he or 
she can easily see how the differential shift between the coarse and the fine channels works 
and the benefit it has to always being able to determine the exact position, no matter what 
happens.  
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6.3  Air Surveillance Radar Application 
 

6.3.1 Setting up the scene 
 
This application’s central components are: 
 

• The ASR-11 radar with the Rotary Joint and Inductosyn units 
• Airport with radar, hangars, landing fields and fences 
• Boeing 737 circling around the airport 
• Environment consisting of a sky sphere and ground 
• Head Up Display, HUD, showing a radar screen, simulation data and the company 

logotype 
 
The content is organized in the scene graphs tree structure as nodes and positioned in the 
global coordinate system.  

6.3.2 Radar Functionality 
 
In order to visualize how the radar configuration works, with focus on the Inductosyn units 
inside the rotary joint, the whole set is animated. The radar rotates in the same way as the real 
ASR-11 does, constantly scanning round and round. The rotary joint follows the rotation of 
the radar, and so does the Inductosyn rotor. To be able to see the Inductosyn units, their 
housing inside the joint is made semitransparent. If it wasn’t made semitransparent, the 
Inductosyn units wouldn’t be visible and the purpose of the visualization would be unfulfilled.    
 

 
Figure 18: The Rotary Joint with Inductosyn 
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The radar’s operating principle is briefly to send out short high-power pulses of radio waves 
with a known frequency. When the radio waves hit an object, they echo off of it in the same 
way as a voice in an empty room echoes off of the walls. The returning echo signal is 
captured by the same antenna. The object’s position can be obtained by the radar, by 
considering Doppler effects on the returning echo. This process is extremely difficult to 
visualize in a physically correct way, so I have chosen a more schematic, easy to understand, 
approach to it.  
 

 
Figure 19: The visualization of the outgoing radar pulses 

 
The outgoing pulses of radio waves are visualized as a stream of semitransparent hemispheres 
expanding from the radar. I have chosen to use this solution due to the fact that radar beams in 
technical 2D illustrations often are visualized as expanding circles, so expanding hemispheres 
felt like a natural expansion in 3D. My impression is that people are familiar with this type of 
analogy to radar signals.  
 I have deliberately increased the scale of the Rotary Joint. In the real world, it is a 
physically small component compared to the big radar tower. Since this presentation is 
focused on how the Rotary Joint and the Inductosyn work, I wanted it to look bigger in 
comparison to the radar. Changing the scale is often necessary in technical illustrations to 
focus on the parts that are essential in the context, and to benefit the understanding of what is 
shown. I have used the same approach here. The distance between the radar and the plane is 
nevertheless in scale, since it wouldn’t add any value to the purpose of the application. If it 
would be in true scale, it would only place the objects extremely far away from each other. 
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6.3.3 Inductosyn accuracy 
 
The secondary goal with this application is to visualize the benefits of the Inductosyn, being a 
high accuracy position measuring device. The accuracy aspect of the radar application is that 
the Inductosyn retrieves the angular position of the incoming radar signals very accurately 
with very small error. That implies that the position of a target can be determined with great 
precision. In the standard ASR-11, the Inductosyn has at least an accuracy of 10 arc seconds. 
In this type of air surveillance radar, the Inductosyn only considers the angular position error, 
X Y in computer graphics. The altitude of the plane, Z in computer graphics, is sent out by the 
plane’s GPS to the radar as side information. The calculation model for the position error is: 
 

The position error:  distaccuracy
⋅⎟
⎠
⎞

⎜
⎝
⎛±

3600
tan  

 
The position error is calculated in the simulation based on the accuracy on the Inductosyn and 
the distance to the target, which is the distance between the radar and the position of the 
aircraft. The distance to the aircraft is easy to calculate. I have placed the radar in the world 
origin (0,0,0). The plane is circling around the radar in a loop. To implement the plane’s 
route, I have added to plane’s node to a position transform. The plane’s (X,Y) position in this 
transform can be retrieved at every step in the simulation: 
 
plane_transform->getPosition().x() 
plane_transform->getPosition().y() 
 
The distance between the radar and the plane can thereby with the retrieved (X,Y) position be 
calculated using Pythagoras theorem. Based on that result, the position error can also be 
calculated at every step in the simulation based on the position of the plane. 
 
To visually represent the position error in the 3D world is difficult. Since the radar waves 
bounce and echoes off of the first surface being hit on the target, it is extremely difficult to tell 
exactly what point that is and how the position error affects that point. The colliding point 
varies depending on the orientation of the plane, how the radar wave hits the plane, as well as 
external factors such as interfering objects.   
 My approach to the visualization problem is to introduce the concept of a Ghost Plane, 
which is a transparent version of the original plane with an extended size indicating the 
position error. If the position error is in the range ± 5 meter, the ghost plane is enlarged with a 
factor of that size. The visualization is not completely realistic, but gives a good visual 
approximation of the possible position error’s affect on a target of a certain size. This is an 
attempt to generalize and show the audience that the position of a target on the radar is 
associated with position errors, but the Inductosyn’s high accuracy minimizes them.  
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Figure 20: The Ghostplane concept 

 

6.3.4 Head up display, HUD 
 
The HUD has an important function to always show the target’s position on a radar screen 
together with simulation data such as distance to target, position error and Inductosyn 
accuracy. I have chosen to include a HUD with this information since it gives a good 
overview of the visualization. 
 

 
Figure 21: The HUD with a radar screen indicating the position of the plane, and simulation data 

 
The concept of HUD’s [16] comes originally from the military aviation industry where 
important data could be projected on to the pilot’s visual field of view, independent of where 
the pilot was looking, and at the same time maintaining exterior awareness. In this application 
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it is desirable to always being able to have focus on the simulation data, independent from the 
user’s choice of view. 
 To implement a HUD, text fields and graphics are created and placed in a subgraph of 
the tree. Since the HUD will be drawn on top of the 3D world, the depth test may be disabled. 
Just like military flight HUD’s are projected as a 2D image to the pilot’s visual field, the same 
approach is used in this application. The subgraph is added to an orthographic projection, 
from 3D to 2D space, and positioned in the corner of the view frustum. To prevent the HUD 
from being affected by any external modelview matrix manipulations, it is added to a model 
view matrix and set to Absolute. The reason for that is of course to have the HUD fixed in one 
position of the view port, even when the view matrix changes. 
 One problem encountered during the implementation was how to solve the fact that 
there were two layers with content in the HUD, graphics in the background, text and the target 
marker in the foreground. How would one layer be drawn on top of the other one?  
Since the depth test was disabled I had no possibility to apply different depth in the Z-buffer 
for the background and the foreground. The solution to the problem was to place the 
background and foreground in different rendering bins, meaning that the background is 
always rendered before the foreground when the scene graph is traversed. A rendering bin is a 
collection of objects you want to be rendered at the same time and therefore put in a so called 
“bin”. Since I wanted to separate two layers of graphics, I simply put the content in two 
separate bins and was able to control which one is drawn first. 
 

6.3.5 Interaction 
 
The user can interact with the application in two ways. The first interaction is about changing 
views. Multiple cameras are implemented and the user can, by keyboard interaction, toggle 
between the different views to focus on different objects in the scene. The second interaction 
is the possibility to change the accuracy of the Inductosyn, and see what consequences that 
has on the simulation. The customer may ask themselves, is this accuracy good enough for 
our application?   

6.3.6 Multiple views 
 
This application has multiple elements to focus on. The radar with the Inductosyn units is one, 
the aircraft is another one. To make the application easy to handle for the user, multiple 
cameras are implemented with focus on different objects in the scene. Some views are static 
and others follow objects on their animation paths. The user is free to switch view at any time 
during the simulation. 
 The implementation of a camera following an object is basically about attaching a 
camera to a node and following its global coordinates. The node’s position in every step of the 
simulation can be retrieved using scene graph features. The node’s position is stored as a 
matrix and that matrix is further used to set the view matrix of the camera. The viewer class 
contains matrix manipulators that are designed to update the view matrix, and those are 
utilized in order to achieve multiple views, or cameras as they sometimes are referred to, on 
different nodes. 
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6.3.7 Art Direction and Corporate Identity 
 
The four applications must share the same corporate identity and art direction to feel uniform. 
This application is no exception and the same solution as in chapter 6.1.6 is incorporated. In 
addition to those design features even the colours of the gradient sky sphere are extracted 
from the blue corporate colours. 
 I have tried to create a visual style of the 3D models and the 3D world with no extreme 
realism, but with an illustrative 3D feeling to it. The only objects with high realism are the 
Inductosyn units. The reason for that is of course that it is hard to implement that in real-time 
graphics, but also the fact that I doubt that it would add any extra understanding to the 
concepts we want to communicate with the application. 
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6.4  Air Defence System Application 

6.4.1 Setting up the scene 
 
This application’s central components are: 
 

• Infrared scanner mounted on a two-axis gimbal with Inductosyn units 
• Missile launcher and missiles 
• Missile circling inside the detection range 
• Environment consisting of a sky sphere and ground 
• Head Up Display, HUD, showing a radar screen, simulation data and the company 

logotype 
 
The content is organized in the scene graphs tree structure as nodes and positioned in the 
global coordinate system.  

6.4.2 Infrared scanner and gimbal functionality 
 
The main concept with this type of application is that the infrared scanner is aimed towards a 
moving target. The captured targets position is given by Inductosyn’s position in the two-axis 
gimbal. Since the target is moving, the camera rotates on the gimbal following the target 
based on the tracked signals. In order to see how the Inductosyn’s operate inside the gimbal, 
the surrounding housing is made transparent. 

I have used a transparent cone to visualize the camera’s field of view that is directed 
towards the target. The purpose is to indicate the direction of the infrared scanner and how it 
follows the target.    
 

 
Figure 22: The infrared scanner mounted on a two axis gimbal 
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The gimbal consists of several objects that are rotated with respect to each other depending on 
the position of the detected target. This type of hierarchical structure is ideal to implement in a 
scene graph structure since that is hierarchical itself.  
 

Gimbal foundation

Rotating gimbal (XY)

Rotating gimbal (Z)

Stator (XY) Foundation

Rotor (XY) Stator (Z) Gimbal (XY) Transform
(XY) rotation

Rotor (Z) Infrared beam Gimbal (Z) Transform
(Z) rotation  

 

Figure 23: Structure of the subgraph containing the infrared camera, gimbal, beam and Inductosyn units 

 
 
The subgraph consists of three main nodes, the gimbal foundation, the rotating gimbal (XY) 
and the rotating gimbal (Z). All objects that are fixed and never rotated are attached to the 
gimbal foundation. The objects that are rotated in the (XY) plane are attached to rotating 
gimbal (XY) and finally the objects that are rotated on the Z axis are attached to that node. 
The scene graph implies that all underlying nodes in the tree structure are affected by 
manipulations that are done over them. So when the node Rotating gimbal (XY) is rotated, 
even the Rotating gimbal (Z) is affected by that rotation. That is one example of the benefits 
of the scene graph structure that I have taken advantage of in this application. 
 One of the purposes with this application is to show the Inductosyn units operate inside 
the gimbal as the camera tracks a target. To achieve that, I have implemented a visual 
simulation where the gimbal rotates with respect to the position of the target. Based on the 
(XY) position of the missile, the node Rotating Gimbal (XY) is rotated in the XY plane. The 
node Rotating gimbal (Z) is rotated with respect to the altitude or Z coordinate and the 
distance to the target. New rotation factors are calculated at every step in the simulation.   
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6.4.3 Inductosyn Accuracy 
 
To indicate the Inductosyn accuracy aspect of the application I have chosen a similar 
approach as in the Air Surveillance Radar Application. Here I use a ghost missile to indicate 
the position error. As a complement to the visual representation, I have placed simulation data 
such as distance to target, position error and Inductosyn accuracy in a HUD. 
 

 
Figure 24: The concept of the Ghostmissile 

6.4.4 Interaction 
 
The interaction possibilities in this application are the same as described in chapter 6.3.5. 

6.4.5 Multiple views 
 
Multiple views are implemented in this application in the same way as described in chapter 
6.3.6. The reason for that is of course to be able to focus on the Infrared scanner device as 
well as on the missile flight and the visualization of the accuracy indication. 

6.4.6 Head up display, HUD 
 
HUD is implemented in this application in the same way as described in chapter 6.3.4. 
 

6.4.7 Art Direction and Corporate Identity 
 
The art direction and the corporate identity is implemented in the same way as described in 
chapter 6.3.7. 
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7.  Results and conclusions  
 
Both the company and I consider the project to be complete and the initial specifications to be 
fulfilled, both regarding content and technical platform. The remaining challenge is to see if 
the applications have the effect we initially hoped for. Will this visual approach to introducing 
the product to new customers be successful? The answer cannot be given until after 
evaluating the response that will be given in the near future. There may always be details that 
can be improved, but we believe that this type of visualization technique is here to stay also in 
the marketing field of technical products. The results with this project has shown the company 
that the difficulties they previously have encountered in presenting how the product works can 
be simplified using this type of interactive 3D graphics and visualization ideas.  
 

8.  Problems during the project 
 
The biggest problems I have encountered during this project are related to the programming. 
The chosen technical platform, OpenSceneGraph, has been pretty difficult and time 
consuming for me to master. I think this is due to the fact that this project is the first big 
project for me to implement in a scene graph system. The fact that OSG is an open source 
system with poor documentation is another factor that has made the whole process even more 
difficult.  
 

9.  Discussion and future development 
 
Regarding future development, the first task that needs to be done is to evaluate how the 
visualization concepts we have created work out. If they don’t seem to work, changes will 
have to be made to reach the initial goals. When evaluating the project, it may be done with 
separate focus on the content and the technical platform. The content may work, but the 
technical platform may not, or the other way around. These are questions that only can be 
answered after getting responses from customers and other people involved in the usage of the 
applications.  
 
In this type of applications there are always things that can be improved. The 3D models 
could be made with higher precision and better textures. The performance of the application 
could be increased through optimization of the code. I think though, that for a project of this 
size, I have placed it at an appropriate level with acceptable quality of the content. 
If this project would have been developed at a specialized visualization company, the work 
would probably have been carried out by a group of people with different special 
competences: An artist or a mechanical engineer would have worked with the 3D models and 
the textures. A designer would have worked with the art direction and the corporate profile. A 
marketing expert would have produced the text material and made sure that the 
communication to a certain group of customers would be fulfilled. An electromechanical 
engineer would have been involved in the process of creating the visual simulation for the 
products operating principle. A software engineer would have done all the programming and 
implementation. In this project I have been all those people, it has been a busy job, but I 
believe I have solved the assignment with satisfying results. This type of project shows how 
multi faceted the competence of a graduate engineer from the Media Technology and 
Engineering programme is.  
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