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Abstract 
 
An application was developed to be used for visualization of measurement data from 
tunnel fire experiments conducted at SP Technical Research Institute of Sweden. Fire 
experiments produce large amounts of data that need to be presented to facilitate analysis 
of the results. A 3D visualization is a powerful tool in conveying results in a fast and 
intuitive way and to simplify the analysis. The application uses different computer 
graphics techniques to visualize the data in real-time and in an accurate way. The 
presented application was developed using OpenSceneGraph and OpenGL Shading 
Language and can run on a PC workstation.    
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1 Introduction 
 
 
1.1 Background 
 
Several serious accidents involving fires in tunnels have occurred in Europe. For example 
in the Mont Blanc tunnel in 1999, 39 persons died (Lacroix 2001). The department of Fire 
Technology at SP Technical Research Institute of Sweden (SP) has conducted a number 
of small and large scale experiments to examine the behaviour of fires in tunnel environ-
ments (Ingason 1995, Lönnermark and Ingason 2005 and 2007). This type of experiments 
will supply valuable information in the design and development of new tunnels and of 
tunnel safety and emergency systems.  
 
Fire experiments produce huge amounts of complex data which needs to be presented in a 
clear and representative way allowing the user to explore, examine and understand the 
data. Until recently two dimensional (2D) charts and diagrams has been the most 
common method to convey data, showing the behaviour of fire propagation through 
tunnels. This makes the results hard to grasp and understand for people not experienced in 
the field.  
 
SP is part of the consortium of Large Scale Underground Research Facility on Safety and 
Security (L-surF), a European founded organisation studying safety and security of 
enclosed underground spaces, for example in tunnels (L-surF 2005). The goal is to form a 
network between some of Europe’s leading institutions on safety and security of under-
ground spaces and build a research facility, which besides full scale testing can provide 
training and education. SP is responsible for measuring techniques in fire experiments 
and visualization of the experimental results. Therefore, within the frame of the LSURF 
project a visualisation study was carried out. The main goal of the study is to develop a 
three dimensional (3D) application that visualizes measurement data in an intuitive way, 
making the experimental results available to both experts and novices. 
 
 
1.2  Previous and Related Work 
 
Much work has been done, both to develop algorithms for prediction of fire behaviour 
and techniques to visualize them. Visual fire models are used as special effects in movies 
and in computer games but also used in engineering fields, for example scientific visuali-
zation. Fire is believed to be one of the most difficult natural phenomena to describe 
according to Wei et al. (2002), since its motions are highly complex and turbulent. 
 
The difference in implementation of special effects in computer games compared to 
engineering purposes is that the focus in engineering application is to produce physically 
correct results while fires in computer games do not need to be realistic, only visually 
satisfying. 
 
 
1.2.1  Fire Visualization from CFD-data  
 
Computational Fluid Dynamics (CFD), an algorithm calculating fluid flows, was intro-
duced in the 1960’s. The method was not widespread at first, but due to the development 
in computers, CFD is now widely used for prediction of fluid flows and there are several 
visualization softwares available for CFD calculations, e.g. Smokeview. Several visuali-
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zation techniques are used in Smokeview. 3D smoke is visualized using parallel slices 
with varying transparency. Both fire investigators, builders, and architects uses CFD 
codes and visualization programs like Smokeview to study fire behaviours and better 
understand fire spread (NIST 2006). 
 
1.2.2  Fire Visualization from Measurement Data 
 
Chaudron et al. (2007) presented one way of displaying data from model-scale fire 
experiments in 2D using Fieldview, a visualization software compatible with most CFD 
flow solvers. He built a semi-structured mesh that fitted the experimental data, through 
various interpolation techniques depending on the physics of fires. To visualize the data 
the mesh was merged into a Fieldview grid. This approach does not however fully satisfy 
the wish to give the user the feeling of actually be inside the tunnel as one can get in a 
computer game. 
 
 
1.3  Aim 
 
The purpose of the project is to produce an application for real-time visualization of 
measurement data from fire experiments in tunnels. The applications premiere objective 
is to simplify analysis of results from fire experiments but it should also be useful for 
presentation purposes, conveying the results to an audience of customers or decision-
makers in a brief amount of time. 
 
Collected measurement data from fire experiments could be data on surfaces, for example 
temperatures on tunnel walls and/or data in 3D-space, for example visibility, gas 
temperature or oxygen levels. It is especially interesting to visualize smoke density and 
diffusion of toxic substances in tunnels. Furthermore, the exposure of toxic substances to 
a person situated in a tunnel during a fire is of interest in the visualization.  
 
In the application the user should be able to navigate through a 3D tunnel geometry and 
interact with the data, like the possibilities to select which data to visualize, zoom in on 
interesting areas and view in different directions. The visualization should be developed 
to look as realistic as possible to make the user feel present in the tunnel. To simplify for 
the user, a graphic user interface will be implemented. 
 
The application should be adaptable to data from both model-scale and large-scale fire 
experiments, different tunnel dimensions and experimental set-ups.  
 
 
1.4  Constraints 
 

• Real-time visualization and interaction requires a frame rate above 30 fps (frames 
per second), hence the application has this requirement.  

 
• The application should run on a PC workstation with Microsoft Windows 

operating system. 
 
 
1.5  Outline 
 
Chapter 2 explains the measurement data and handles origin, requirements and con-
straints. Chapter 3 is a brief introduction to computer graphics techniques used in the 
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application, after that the procedure of developing the application is explained. Chapter 4 
presents visual analysis techniques used in the application. Chapter 5 describes the design 
of the application and also the reasons for chosen techniques. The report is ended with 
result, future work and discussion. In the appendix there is a user guide and system 
documentation of the application. 
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2   Study of Tunnel Fires 
 
Even though tunnels initially are barren and designed to be fire resistant, large fires can 
occur. Technical failure in vehicles and traffic accidents are the two most common 
reasons for fire development inside a tunnel. Cars and especially transport trucks carrying 
loads with high energy content will supply enough fuel to develop a large intensive fire. 
Once a fire has started, the fire can spread to other vehicles and temperature high enough 
to seriously affect the tunnel structure can be reached. 
 
Since a tunnel is similar to a long open tube, smoke will not disperse quickly. It will be 
confined by the tunnel walls and ceiling, spreading along the tunnel. In a relatively large 
fire the smoke will propagate far from the fire source where the smoke temperature 
decreases. Thus, the smoke descends to the ground and this might surprise people evacu-
ating from the tunnel. The dense smoke close to the road surface reduces visibility 
making it difficult for people to find the way to the emergency exits. Poor visibility along 
with high concentration of toxic substances may create a fatal environment for people 
escaping from tunnels.  
 
Long tunnels, without the ability of natural ventilation, are usually equipped with 
mechanical ventilation systems. According to Centre d’étude des tunnels (2003) there are 
two major ventilation strategies. 

• The longitudinal system uses fans to push the air in one direction. This system is 
mainly used in tunnels with unidirectional traffic flow. 

• The transverse system uses a large number of inlets and outlets uniformly distr-
ibuted along the tunnel to supply fresh air and remove vitiated air. This system is 
usually used in tunnels with bi-directional traffic flow. 

 
Once a fire has broken out, a longitudinal ventilation system will cause the smoke to 
propagate faster and destratify in the downstream direction, see Figure 1. When trans-
verse system is used, the smoke become more stratified as shown in Figure 2. 
 

 
Figure 1.  Smoke propagation in a tunnel with longitudinal ventilation system. Figure 

from Centre d’études des tunnels (2003). 
 

 

 
Figure 2.  Smoke propagation in a tunnel with transverse ventilation system. Figure from 

Centre d’études des tunnels (2003). 
 
 
There are normally three different methods used to study tunnel fires: large-scale experi-
ments, model-scale experiments, and CFD modelling. Large-scale experiments are useful 
but they are time consuming, expensive and it is difficult to find appropriate tunnels since 
there is a risk of damaging the tunnel structure and injuring personnel during the experi-
ments. A simpler way is to use CFD modelling, using CFD software to predict fire 
development. The complexity of the fire is challenging to describe mathematically, and 
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therefore CFD simulations still need to be improved to provide realistic results 
(Choubane et al. 2007).  
 
Model-scale experiments are a possible alternative to large scale tests. They are cheaper 
and easier to implement than large-scale experiments and with the right set-up, the 
model-scale and the large-scale experiment yield equivalent results as a response to 
equivalent stimuli or event (Bettis et al. 1994 cited in Chaudron et al. 2007).  There are, 
however, numerous limitations which should be mentioned when using model-scale tests. 
Usually ones neglect the scaling effects of the thermal inertia of the material involved, the 
turbulence intensity of the flow and the radiation of the gases and flame volumes. In 
model-scale experiments it is easier to control the experimental parameters like fuel, 
geometry of the fuel, tunnel dimensions, and ventilation. This makes it easy to examine 
the influence on fire evolution of each single parameter by varying one parameter while 
keeping the other parameters constant (Chaudron et al. 2007). 
 
 
2.1  Measurement Data 
 
Model scale fire experiment, which will be used in this analysis, were performed by 
Lönnermark and Ingason (2007). In these tests, thermocouples were positioned inside the 
tunnel, with different spacing in order to obtain an overview of the fire characteristics. 
Data was collected from the thermocouples with certain time intervals. Measuring 
temperature using thermocouples is cheap, robust and easy compared to the equipment 
needed for measuring gas concentrations and visibility. Therefore formulas have been 
derived for calculation of gas concentrations, visibility and optical density from the 
temperature readings (Ingason and Persson 1999, Ingason 2007). 
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Figure 3.  Side view of model-scale tunnel with positions of thermocouples. Figure from 

Lönnermark and Ingason (2007). 
 
 
To obtain good visual representation from sampled data, it needs to have structured 
coordinates. Even if thermocouples is cheap compared to other sampling techniques there 
is still a limitation in the numbers of thermocouples that can be used. To overcome the 
problem with sparse sampling, interpolation can be used to yield more values, generating 
a structured grid (Chaudron et al. 2007). 
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2.2  Incapacitation Dose  
 
People trapped  in a tunnel during a fire will be exposed to toxic substances, such as 
carbon dioxide and carbon monoxide. Lack of oxygen will also affect a person during a 
fire. The incapacitation dose is an estimate of how incapacitated a person is due to the 
exposure; an incapacitation dose factor over 1.0 causes a person to lose his/her ability to 
locate an emergency exit or exit the tunnel by him/her-self. There are three factors that 
separately contribute to the incapacitation dose; one is calculated from the carbon 
monoxide, carbon dioxide and oxygen levels, one is from only the carbon dioxide levels 
and the last factor is calculated from temperature levels in the tunnel. The highest of these 
factors indicate the incapacitation dose. 
 
The incapacitation dose for a time step calculated from carbon monoxide, carbon dioxide 
and oxygen levels (Purser 2002):  
 

nInCOnInIN OCO
FVFF ,,,, 22

+⋅=      (1) 
 
where 
 

( )1
036.1

,
5

, 10764.2 −
− −⋅⋅⋅= nnnCOnI ttXF

CO
  (2)  

 
XCO,n  is the carbon monoxide concentration in ppm and tn - tn-1 is the time step expressed 
in minutes. A breathing rate of 25 L/min and a COHb concentration of 30 % at 
incapacitation have been assumed. 
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CCO2,n is the carbon dioxide in percent (%). The total accumulated incapacitation dose for 
several time steps is calculated as: 
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The incapacitation dose calculated from carbon dioxide levels over several time steps:  
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The incapacitation dose calculated from the temperature over several time steps: 
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2.3  Visibility 
 
The density of smoke reduces visibility, thus making it more difficult for people 
evacuating a tunnel to find their way out. The visibility needed for safe evacuation 
depends on several factors. For example knowledge of the surroundings and type of 
emergency exit-signs. The visibility is affected by what kind of smoke it is; the colour of 
it and the level of irritation of the smoke. There are no mathematical formulas derived 
from physics and biology for describing the relation between density and visibility, but 
through experimental tests different empirical relationships have been established with 
the visibility being roughly inversely proportional to the smoke density (Jin 1978). 
 
Smoke density is expressed by the extinction coefficient [1/m] (Jin 1978). The extinction 
coefficient is in this case a measure of how much illumination is absorbed per meter in 
smoke. If the illumination can pass through very easily, the smoke has a low extinction 
coefficient. Equally, if the illumination hardly penetrates the smoke, the extinction 
coefficient is high. 
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3  Computer Graphics - Preliminaries 
 
This chapter describes and explains preliminary computer graphics and technologies used 
to develop this application.  
 
Computer graphics includes the process and outcomes associated with using computer 
technology to convert created or collected data into visual representations. Animated 
movies and computer games are probably the most well-known application of computer 
graphics, but it is a useful tool in scientific visualization and other engineering fields as 
well. There are three main parts of computer graphics; modelling, animation and 
rendering. Modelling concerns the description of objects in a scene, which can be done 
with several techniques including polygonal modelling, implicit surfaces and subdivision 
surfaces. Animation is the stage where the description of movement in the scene is done. 
The third part, rendering, will be described more in detail below. 
 
 
3.1  Rendering  
 
Rendering is the process of generating a 2D image from a scene with 3D modelled 
objects. The scene could contain geometry, viewpoint, texture and lighting information. 
 

 
 

Figure 4.   Modelled objects with differing z-coordinate values, in a 3D scene. 
 
 
 All the different information must be handled in a correct manner in order to generate an 
accurate image. When the scene is rendered the geometries in the scene has to be 
rendered in the right order according to position in space. If an object closer to the camera 
is drawn before an object further away the final image will obviously be wrong 
(Wikipedia 2007). 
 
Z-buffering is the operation that manages rendering order in a 3D scene. By storing z-
coordinates1 of polygons, see Figure 4, the z-buffer prevents the graphics card from 
drawing pixels occluded by objects that has already been drawn. Z-buffering is also 
known as depth buffering. Rendering using the z-buffering technique will only work for 
opaque objects. Transparent objects have to be handled in a different way. Due to the 
transparency, objects behind a transparent object will not be fully occluded; this problem 
is usually solved by rendering the transparent objects after the opaque objects. Rendering 
of a transparent object uses the alpha value of the object to generate the correct image; 
this technique is referred to as alpha blending, see section 3.1.3 (Watt 2000). 
 
                                                      
1 The z-coordinate represents the depth of a 3D scene. 
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3.1.1  The Graphics Pipeline  
 
The term graphics pipeline refers to the different stages performed during the rendering 
process. All properties of a 3D scene for example, the geometry, have to go through the 
graphics pipeline from top to bottom, see Figure 5.  
 

 
Figure 5.  The Graphics Pipeline. GPU means Graphic Processing Unit. 
 
 
In the geometry stage each vertex 3D position is transformed into a 2D screen position, 
furthermore lighting is computed and which objects should be drawn (culling) is 
determined. 
 
In the rasterization stage each primitive2 is converted to fragments3, see Figure 6. Frame-
buffer4 pixels are generated from the fragments, depending on the primitive properties, 
for example translucency and depth. This is performed in the composite stage with a per-
pixel operation, assigning colours to the pixels by interpolation of the primitives’ 
properties.   
  
 

                                                      
2 Primitives are the basic geometrical shapes used to construct computer graphics objects. 
3 A fragment is a piece of data that will be used to update a pixel at a specific location. 
4 The frame-buffer contains the pixels shown on the screen. 
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Figure 6.  The operations of the stages in the Graphics Pipeline. 
 
 
The values computed in the geometry stage, combined with the vertex connectivity 
information allow computation of the appropriate attributes for the fragments. If a 
triangle’s vertices has several colours, then the colour of the fragments inside the triangle 
are obtained by interpolation of the triangle vertices colours weighted by the relative 
distances of the vertices to the fragment as shown in Figure 6 (Watt, 2000). 
 
 
3.1.2  The Graphic Processing Unit 
 
The Graphic Processing Unit (GPU) is the device that handles the rendering process. In 
older hardware the geometry sent to the GPU was static. To process this geometry in any 
way, it had to be transformed on the Central Processing Unit (CPU) and sent again to the 
GPU. The GPU’s ability to manipulate and display computer graphics makes it 
appropriate for real-time programming through the benefit of liberating the CPU for other 
processes and also by eliminating downloading the same geometry to the GPU over and 
over. Recent development has made GPU’s supportive for programmable shaders. A 
shader program replaces the parts indicated by red text in Figure 7 in the graphics 
pipeline.   
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Figure 7.  The Programmable Graphics Pipeline  

 
 

3.1.2.1 Shader Program 
 
A shader program calculates surface properties like colour, translucency, light, reflection, 
etc of an object with many of the same operations as used by the CPU. There are two 
different kind of shader programs, vertex and fragment programs. A vertex program 
replaces the geometry stage while a fragment program replaces the rasterization stage. 
 
Vertex program  
Vertex programs are designed to allow more control over vertex transformation on the 
GPU itself. Vertex programs operate on each incoming vertex with adherent attributes, 
providing the following stage of the graphics pipeline with interpolated fragment infor-
mation. Vertex programs cannot create new vertices, only transform the current vertex. 
Various inputs can be handled, like vertex position, colour, normal or other specified 
vertex attributes (Kessenich 2006). 
 
Fragment program 
Fragment programs main purpose is to compute colour of fragments but could also be 
used to compute the depth of fragments if one thinks the fixed rasterization is not satis-
fying. Fragment programs are applied for each fragment produced by rasterization and 
therefore usually operate on larger data sets than vertex programs. Shifting operations in 
fragment programs to vertex programs will improve overall pipeline performance. 
 The input to a fragment program is the interpolated value from the previous stage in the 
graphics pipeline, i.e. vertex program. Fragment programs can not change the position of 
a fragment; it can only give a colour to the fragment or discard it. The values computed 
by the fragment program are used to update the frame-buffer (Kessenich 2006). 
 
 
High level shading languages 
To write a shader program in assembly code is unpractical and hardware dependant. To 
avoid this problem high level shading languages has been developed, making shader 
programming more available. The most common languages are OpenGL Shading 
Language (GLSL) (Kessenich 2006), High Level Shading Language (HLSL) (Microsoft 
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Corporation 2005) and C for Graphics (Cg) (Nvidia 2006). These languages all have 
syntax similar to C which makes them familiar to programmers experienced in C or C++. 
Cg is NVIDIA’s own shading language while HLSL is developed by Microsoft. GLSL is 
an addition to Open Graphics Language (OpenGL). 
 
 
3.1.3  Alpha Blending  
 
Alpha blending is the technique used to determine the resulting colour of a pixel 
generated by fragments from transparent objects. Alpha blending uses the alpha channel 
to combine two or more overlapping objects by adding them on a pixel-by-pixel basis. 
The resultant colour of a pixel, C, is a combination of the colours of the combined object 
pixels. If A is a transparent pixel with alpha value α and B is an opaque pixel behind pixel 
A, thus it will contribute with 1-α to the resulting colour C, C is computed as follows 
(Directron 2006): 
 
      ( ) ( )( )BAC ∗−+∗= αα 1    (8) 
 
 
3.1.4  Culling 
 
Culling is the technique which determines if a certain polygon of an object in a 3D scene 
is visible and thus needed to be drawn on the screen. The culling process makes rendering 
faster, by reducing the amount of polygons sent down the graphics pipeline. There are 
several different culling algorithms. The two most used are back-face culling, discarding 
polygons not facing the camera, and view frustum culling or clipping, discarding poly-
gons outside the view frustum (Laurila 2000). 
 
 
3.2  Scene Graph 
 
A scene graph is a data structure used to organize a scene in 3D computer graphics. The 
scene graph represents the objects in the scene as a tree, where related objects can be 
grouped together, see Figure 8. An operation applied to a group automatically propagates 
down to all of the members.  The scene graph performs high level culling, see section 
3.1.4, by only sending objects that are entirely within the viewing frustum down the 
graphics pipeline. State sorting properties is another feature of scene graphs which means 
that objects with similar states are grouped together. Since state changing is an expensive 
process, due to hardware implementation, there is a lot to win in performance (OSG 
Community 2004). 
 

 
 
 

Figure 8.   A scene graph representing a 3D scene containing a body and a light.  
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3.3  Particle system 
 
A particle system is a technique used to simulate fuzzy phenomenon that are hard or 
impractical to model with one polygon object as in standard computer graphics 
techniques. Instead a particle system is represented by thousands of points giving its 
fuzzy characteristics. Fire, smoke, water, cloud, fog, snow and dust are all examples of 
fuzzy phenomenon that are commonly simulated with a particle system. The system holds 
a set of particles and manages creation, update, rendering and destruction of the particles. 
The system assigns each particle a set of attributes for example, size, colour, lifetime, 
velocity and travel path (Reeves 1983). 
 
To manage particle creation and attributes the system uses an emitter. The emitter consist 
of three different parts; a counter, a placer and a shooter. 

• The counter – controls number of particles to create and emit per unit of time.  
• The placer – initialize the particle’s position vector, that is from where the 

particle should be emitted. 
• The shooter – initialize the particle’s velocity.    

 
A particle system is updated during the simulation stage. First the amount of new 
particles to create is calculated based on some predefined creation rate and interval 
between updates. Each new particle is placed in a start position in 3D space depending on 
emitter position and specified start area. Also the particle attributes are initialized. When 
creation phase is finished all the existing particles is updated. Each particle is checked to 
see if they should be removed from the simulation, for example if they have exceeded 
their lifetime or moved beyond the range of the system, otherwise their position is 
updated based on some sort of physical simulation. This simulation can be done using the 
velocity and time step between updates to calculate how far the particle has travelled 
since last update, adding the result to the last position will give the particle’s current 
position. Other attributes for the particle are also updated during this stage. 
 
Depending on the purpose of the system other features can be implemented in the simu-
lation stage for example, collision detection with specified 3D objects in order to make 
the particles bounce off obstacles in the environment, interpolating values over the life-
time of a particle like having particles fade out to nothingness by interpolating the 
particle's alpha value as described in section 3.1.3. 
 
After the update is complete, the system is rendered in the rendering stage. There are 
some different ways to render a particle system but usually each particle is represented by 
a textured billboard quad, see section 3.5 and section 3.4, rendered as transparent objects, 
see section 3.1. 
 
 
3.4  Billboard  
 
In 3D space a flat object, i.e. a plane, only looks flat if it is viewed from a direction that is 
not perpendicular to the plane. Rotating the plane so it always faces the user will trick the 
user into thinking that it is a 3D object. An object having this property is called a bill-
board. Billboards are especially useful for detailed objects like trees or particle systems 
that would get computational heavy and impossible to render in real-time if they were 
built up in 3D (Watt, 2000). 
 



18 
 
 
 
 

 
3.5  Textures  
 
Texture mapping is used to add detail, surface texture or colour to a computer-generated 
3D model. Texture coordinates are usually specified at each vertex of a given polygon to 
be able to map the texture to the surface of a shape. A texture is a two-dimensional image. 
The dimension axis is usually named s and t with origo in the upper left corner, see 
Figure 9. Each pixel in the image has three channels, one for each colour component in 
the RGB colour model, see section 4.2.1. A fourth channel can be used to state 
transparency in the texture; this channel is called the alpha channel and usually ranges 
from zero to one, where one indicates opaque and zero is fully transparent. 
  

 
 

Figure 9.   Texture coordinate representation. 
 
 
3.6  Lighting and Shadows  
 
An important part of computer graphics which enhance realism of a rendered scene is 
lighting and shadows. Lighting is a very complex phenomenon in real life and not easy to 
mimic in a real-time visualization due to complex algorithms that are computational 
heavy. Simplifications of the algorithms can generate representations good enough even 
though they are not physically correct. Lighting leads to shadows. A scene will look flat 
and artificial if there are no shadows.  
 
 
3.7  Real-time Fire Visualization  
 
According to Rørbech (2004) a popular method for rendering smoke in games is to use a 
particle system. This gives a vivid and convincing result and works well for small scale 
effects, such as exhaust from a car, using a limited number of particles (<500). However, 
since the simulation time increases linearly with the number of particles, this method is 
not suitable for large scale visualization. Instead, Rørbech (2004) suggest representing the 
smoke density field in a flat 3D texture. The values stored in the texture represent the 
colour of the density field and an alpha channel for the transparency. This representation 
allows them to render each slice of the field as a textured billboard quad, similar to 
volume rendering. The rendering method implemented by Rørbech (2004) is extremely 
fast and the animation speed is independent of the amount of smoke in the simulation. 
The drawback is that the resolution of the smoke is limited to the resolution of the simu-
lation grid.  
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Robert and Schweri (2005) has implemented and evaluated four different kinds of anima-
tion techniques for smoke; points, volume rendering, section planes and impostors. They 
have used the Navier-Stokes equations to describe smoke, giving a density field repre-
sented by a grid. A brief description of each technique follows:  
 

• Points; every grid voxel5 is subdivided into n numbers of subvoxels depending on 
desired resolution. One point at the centre of each such subvoxel is drawn. The 
colour of each point is determined through interpolation by the density values of 
the surrounding grid subvoxels. 

 
• Volume rendering; the calculated density values is stored in a 3D texture. Values 

in the 3D texture are mapped onto n slices in the simulation grid rendered back-
to-front, see Figure 10.  

    

 
 

Figure 10.  Values from textures mapped onto slices. Figure from Backman (n.d.). 
  
 

• Section planes; similar to volume rendering as described above, but implemented 
as a fragment shader program. The density values for each frame are stored in a 
flat 3D texture, i.e. 2D texture containing slices from 3D texture, see Figure 11. 
The intersecting planes orthogonal to the viewing direction are rendered fragment 
shading. The fragment shader program assigns every fragment in the planes the 
density value from corresponding piece of the 2D texture.  

 

 

                                                      
5 A voxel is a volume element representing a value in a 3D grid compared to a pixel that represent 
a value in 2D. 
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Figure 11.  A flat 3D texture. Figure from Domanski (2006). 
 
 

• Impostors; an impostor replaces the rendered grid with a billboard, textured with 
an image of the smoke from a certain point of view. As opposed to the section 
planes they only render one oriented plane close to the viewer, which reduces the 
amount of passes to the fragment shader. 

 
Of the four different techniques they found that volume rendering and point rendering 
lead to the best visual results while providing the highest frame rates.  
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4 Visual Analysis Techniques 
 
 
4.1  Cross Section 
 
The technique of cross section analysis is a common analytic method when it comes to 
understanding volumetric data, i.e. 3D data. A cross section gives the possibility to look 
at interesting areas inside a volume. 3D visualizations may look cool but the human 
ability to understand and comprehend data is much greater in 2D. Furthermore, some 
attributes are impractical to visualize in 3D. 
 
 
4.2  Colour Mapping 
 
Colour is a powerful and attractive aspect of our experience of the world which shapes 
our perception, interpretation and memory of everything we see. Using appropriate 
colours for data displaying facilitates observations of patterns and relationships within the 
data. Misuse of colours will conceal such characteristics or create artefacts which could 
lead to confusing or even misleading representations of data. Colour mapping is a 
common visualization technique of converting scalar values into colours. This is done 
using a colour map where each colour corresponds to a scalar value, see Figure 12. 
Values in between will be mapped as an interpolated colour from adjacent values 
(University of Alberta 2005). 
 
 

 
 

Figure 12.  A colour map. 
 
 
Colours have different cultural meanings and perceptual characteristics and are therefore 
appropriate for representing different conditions of a visualization. 
 

• Red is a strong colour associated with warmth, but is often also used for warning 
signs and to emphasize other areas of interest, thus it is not unusual having red as 
the highest value in a colour scale. 

 
• Green is often associated to safety, as in a traffic light, which makes it suitable 

for representation of neutral or low values. 
 

• The visual perception of intensely blue objects is less distinct than the perception 
of objects of red and green and since blue also is associated with cold it appears 
appropriate as a colour for neutral or low values. 
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4.2.1 The RGB Colour Model  
 
The RGB (Red, Green, Blue) colour model is an additive model based on the three 
primary colours red, green and blue. Today the RGB model is the most commonly used 
within hardware like colour monitors and printers. An image represented with the RGB 
model consists of three layers, one for each primary colour. These three layers are 
combined into a colour image on the screen. The number of bits representing each pixel 
on screen decides the total number of colours which can be displayed by the screen. The 
RGB model is visually represented as a unit cube determined by R, G and B as axis, thus 
values of R, G and B are assumed to be in the range [0, 1], see Figure 13 (Gonzales and 
Woods 2002). 
 

 
 
 

Figure 13.   The RGB colour model represented by a cube. Figure from Roberts (n.d.).  
 
 
4.2.2 The HSV Colour Model 
 
The HSV (Hue, Saturation, Value) colour model is often used in computer graphics 
application when a colour needs to be specified for a certain graphical element. The three 
concepts hue, saturation and value are used to represent colours, which are similar to the 
way humans interpret and describe colours. 
 
The HSV colour space can be determined by a hexagonal cone where the hue is degrees 
around the cone, saturation the distance from the centre of the cone and the value is the 
vertical position in the cone, see Figure 14. Hue is in the range [0, 360] while saturation 
and value are in the range [0, 1] (Gonzales and Woods 2002). 
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Figure 14.  The HSV colour model represented by a hexagonal cone. Figure from Roberts 
(n.d.). 

 
 
4.2.3 Converting Colours from HSV to RGB 
 
Some colour scales are easier to represent mathematically with the HSV colour model 
than the RGB colour model. Due to the usage of the RGB colour model in hardware 
devices conversion between the two spaces can be necessary. To convert a value from 
HSV space to RGB space is not a straightforward process. There are three sectors 
depending on H to outline the three primary colours. 
 
 First the H value has to be multiplied by 360 to be in the range [0, 360] (Gonzales and 
Woods 2002): 
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5 Implementation 
 
5.1  Development Environment 
 
The application has been implemented using Open Scene Graph (OSG), an open source 
3D graphics toolkit for graphics application development. OSG is based on the concept of 
a scene graph, see section 3.2. Support of several optimization techniques, like culling, 
see section 3.1.4, makes OSG strong in performance. To minimize specific platform 
dependencies the OSG library is written completely in C++ and Open Graphics Library 
(OpenGL). OpenGL is an Application. 
  
Programming Interface (API) of routines used to send commands to the GPU. OpenGL is 
supported by as good as every platform and also occurs for many programming 
languages, though it is mostly used with C or C++, which makes it the leading environ-
ment for developing portable, interactive 2D and 3D graphics applications. The integrated 
main functionality for OpenGL in the OSG library makes it appropriate for rapid applica-
tion development. 
 
Our reason for using OSG for this application development comes from the fact of OSG 
being an open source toolkit allowing us to change in the source code and also being a 
cheap alternative to commercial scene graphs. The knowledge of OpenGL integration in 
OSG led us to use OpenGL Shading Language (GLSL) for programming shader pro-
grams. GLSL is a C-like high level shading language; see section 3.1.2, supported 
directly by OpenGL without requiring any external compiler.  
 
 
5.2  Measurement Data  
 
The measurement data, used in this application, given from SP’s model-scale experiments 
(Lönnermark and Ingason 2007) has been additionally interpolated by Jean-Baptiste 
Chaudron (Chaudron et al. 2007), as described in section 1.2.2. The data consist of tem-
perature values in a semi-structured grid, see Figure 15, sampled by thermocouples each 
second during experiment.  

 
 

Figure 15.  Semi-structured grid. From Chaudron et al. (2007) 
 

 
Visibility, optical density and concentrations of oxygen, carbon monoxide and carbon 
dioxide have been derived from the temperature values as described in (Ingason 2007) for 
each measurement point in the grid. The measurement data along with grid coordinates is 
stored in excel sheets.  
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To represent grid points with parallel slices the grid needs to be regular, in both geometry 
and topology6, along the Cartesian coordinate system axes. Our start grid was semi-
structured with irregular geometry and regular topology and thus needed further inter-
polated values to become regular. To yield new grid point values, linear interpolation 
along the x-axis was used. Linear interpolation is in this case sufficient since the fire main 
characteristics already have been captured in a semi-structured grid (Chaudron et al. 
2007). 
 

 
Figure 16.  Grid before interpolation. From Chaudron et al. (2007) 
 
 

 
Figure 17  Grid after interpolation 

 
 
 
To give the user more control over the visualization, the user has to predefine threshold 
values and parameters in an excel workbook, that also contains all other input data (This 
is described in more detail in appendix A). These threshold values are temperature 
thresholds between smoke and fire, length threshold for visibility and maximum and 
minimum values for measurands and derivatives, i.e. temperature and gas concentrations. 
Other parameters needed as input are the tunnel and fire geometry dimensions and fire 
source position, these should also be given in an excel sheet. A macro was written in 
Visual Basic to transform the data in the excel workbook to a text file which can easily be 
read with the standard C++ library. 
 
 
5.3  Visualization 
 
5.3.1 Tunnel Geometry and Environment 
 
The tunnel geometry is modelled with planes determined by the tunnel dimension given 
by the data from the excel sheet. Origo is assumed to be in the middle of the tunnel at the 
same height as the tunnel ceiling. To illustrate were the fire source is situated a box is 
modelled with the same dimensions as the fire source and is positioned in the tunnel at 
the predefined position. The tunnel geometry and the fire source box are textured with 
appropriate textures to simulate a real tunnel environment, see Figure 18. Four lights were 
modelled, positioned with even intervals, in the tunnel ceiling to enhance realism.  
 

                                                      
6 The topology is the connectivity information of a geometry. 
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Figure 18.  Tunnel geometry and fire source box. 
 
 
5.3.2 Smoke 
 
To visualize the smoke a technique based on volume rendering similar to the one used in 
Robert and Schweri (2005) was implemented. This technique is suitable for our data set 
since the measurement points are sparsely sampled and it is a fast rendering technique. 
Since the users viewing direction mostly will be in the x-axis, up and down the tunnel, the 
smoke was visualized using n number of slices, dividing the grid along the x-axis. Each 
slice was built-up as a triangle mesh, since the GPU processes on triangles, with vertices 
in each grid point, see Figure 19. This is the reason the grid was required to be regular, 
see section 5.2, in y and z-axis, since a slice can only be correctly created with triangles if 
it has an equal amount of point in each row in both axis.  
 

 
 

Figure 19.  Slice built up as a triangle mesh, where n+1 is the grid dimension along the y-
axis and m+1 is the grid dimension along the z-axis. 

 
 
The slices were rendered with colour and opacity set depending on the temperature and 
the derived density in corresponding grid points. The slices are updated both for each 
frame and for each second, see Algorithm 1.  
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For every second do 
Bind the temperature and density values from the grid to adherent vertices in 
the geometry for current second and the following second. 

For every frame do 
Interpolate temperature and density between the two seconds, depending on 
current time. 
If the temperature is above the fire threshold 
Set the density to zero. 
Else 

Normalize the density values to range between zero and one. 
Set colour and opacity on the vertex depending on the normalized density and 
predefined colour and texture. 

 
Algorithm 1. Algorithm for updating the smoke for each second and each frame. 
 
Calculations for the colour and opacity of the slices were implemented on the GPU using 
a vertex and a fragment program. Temperatures and densities were bound to the geome-
tries using vertex attribute arrays sent to the GPU. The reason for binding values from 
two adjacent seconds at the same time is to prevent the smoke from flickering. 
Interpolation will give a smooth transition between sample values even though they are 
only sampled once every second.   
 
The smoke should only be visible in areas occupied by smoke and not in areas of fire. 
Since the density does not tell if a region contains fire or smoke, the temperature and the 
fire threshold was used to find out which vertices was to be found in smoke areas. 
Fragments adherent to vertices in fire areas was coloured as described in section 3.1.2. 
 
The colour intensity of smoke can not be derived from temperature measurements so we 
used opinions from fire experts to set the intensity in order to get a realistic look. To get a 
less homogenous appearance, by only using one colour in slice areas with same density, 
we added some variance by mapping a marbled texture on the slices. We also did a 
comparison between the calculated visibility, see section 2.3, and the visualized smoke to 
see that the visibility in the visual result corresponded to reality. This comparison was 
carried out by placing markers in the model tunnel with even intervals corresponding to 1 
meter in real world coordinates. 
 
 
5.3.3 Fire Flames 
 
Compared to smoke, fire flames are a much more vivid phenomenon and therefore it 
could not be implemented in exactly the same way. Two different techniques were used 
to visualize the flames, textured slices and a particle system.  
 
5.3.3.1 Textured Slices 
 
The textured slices technique is very similar to the technique used to visualize the smoke. 
The textured slices are modelled with the same geometries as for the smoke and imple-
mented on the GPU. Since we used the same geometries, flames could be implemented 
on vertices above the fire threshold. To make the flames more vivid a marbled texture 
was mapped onto the slices together with an animation of the geometry texture 
coordinates. The animation was set to both the texture s- and t-axis, see section 3.5. In the 
s-axis the coordinates were animated with a constant speed in the negative direction, 
making the flames appear to move towards the tunnel ceiling. In the t-axis we animated 
the coordinates with a sine wave making the flames appear to move sideways, back and 



29 
 
 
 
 

forth. The texture has an emissive material to simulate the glow of the fire and to yield a 
realistic fire colour. 
 
5.3.3.2 Particle System 
 
The texture slices is a fast technique but worse when it comes to obtaining the 
characteristics of a vivid fire. To get a more realistic representation of the fire 
characteristics a particle system was implemented. Each particle in the system is built up 
by a billboard quad textured with a fire texture, see Figure 20. The particles have constant 
size over their lifetime but fades out when they die. A particle’s lifetime is the time it 
takes for a particle to go from its start to its end position. 
    

 
 

Figure 20.  Inverted fire texture. 
  
In order to get the particles to move in the region of the fire, a region with temperature 
over the fire threshold, we implemented a multi-point placer and a directional shooter to 
control the particles. The multi-point placer manages the systems start positions and end 
positions. All end positions in the system belongs to a start position, meaning that a 
particle travelling from a start position can only go to an end position belonging to that 
start position.  When a new particle is created it will be assigned an end position and thus 
getting the end position’s adherent start position as the particle’s start position. The vector 
between the positions is called the direction vector. The directional shooter sets the 
particle’s velocity depending on the particle’s direction vector and speed.  
 
Since the start points of the fire source can not be obtained from the measurement data an 
assumption on which points being in the fire source was made. The user specifies 
approximately the position and geometry of the fire source and the application will find 
measurement points in that geometry. If the found points are on fire, i.e. having tempera-
ture values over the fire threshold, they will be used as start points. The rest of the points 
above the threshold are used as endpoints.  
 
The start and end positions of the particles are updated each second as described in the 
following algorithm: 
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For each second do 
Remove old start points 
For each measurement point in start geometry do 

If measurement point is burning 
 Set measurement point as start point 

Remove old end points 
For each measurement point in tunnel do 

If measurement point is burning 
Find closest start point upstream from 
measurement point 

If a start point was found upstream from end 
point 

Set measurement point as end point to 
that start point 

If no start point upstream from end point 
   Choose closest start point 
 

Algorithm 2. Algorithm for updating the particle system each second.  
  
In order to get the right look of the fire it is important to choose appropriate end points. 
At this point the application is adjusted for a longitudinal ventilation system, since the 
scale-model experiments was set-up with this kind of ventilation. According to this the 
algorithm is currently designed to primarily look for end points downstream from the fire 
source but could be redesigned to suit other requirements.  
 
To give an impression of that the surface of the fire source box is burning, and not only 
the start points, the placer uses a range around each start position when it sets a particle’s 
start position.  
 
The particle system is updated for each frame. All the particles are then checked if they 
are still alive; particles that have reached their end positions are killed and removed from 
the system. Alive particles will get their position updated and new particles will be 
created if necessary. 
 
5.3.4 Rendering of Smoke and Fire 
 
Rendering the transparent objects, fire and smoke, together with the opaque objects in the 
scene have to be done in the right order, see section 3.1. OSG supports multi-pass 
rendering, which means it can render all opaque objects first in one pass and then all 
transparent objects sorted by depth from back to front in a second pass. This is done using 
separate rendering bins, sorting all opaque objects in one bin and all transparent in one. 
OSG lets the user specify and configure these rendering bins, allowing the user to have as 
many as he/she wants and sort them in the way he/she prefers, state sorted, depth sorted 
and so on.  
 
Rendering the smoke slices with the textured flames is a straightforward process since 
they are using the same geometry. However, rendering the particle system with the smoke 
slices gives a problem when it comes to depth sorting. Both objects are put in the same 
rendering bin to be rendered after the opaque objects. As depth sorting in OSG is handled 
on the basis of an object’s midpoint a particle system with all the particles as one 
geometry will be sorted at the same depth. This feature makes sorting of a particle system 
quick, since all particles will be sorted after the same depth. Our particle system is 
surrounded by transparent smoke slices and since the slices cutting through the particles 
will be sorted as either behind or in front of all the particles, this will result in visible 
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artefacts. The solution to this problem was to divide the particles into individual 
geometries making OSG sort every particle individually. This approach unfortunately 
slows the sorting phase down, but we saw no other solution at this point. 
 
5.3.5 Moving slices 
 
The slice geometries are sparsely distributed in the tunnel, this give an effect of walking 
through slices when the user is moving along the tunnel. To prevent this effect a move-
ment of one slice at a time has been implemented. When the user passes by a slice, Sn, the 
slice moves in front of the user until he/she passes by the next slice, Sn+1, see Figure 21. 
To get the right intensity shown to the user, the intensity of the moving slice is 
interpolated depending on the distance to the next slice, d, and the distance the slice has 
moved, a. In the start position of slice Sn the intensity of Sn is one, decreasing to zero 
when it reaches the start position of the next slice, Sn+1. 
 
 

 
 

Figure 21.  Slice geometry moving in front of user. 
 
 
5.3.6 Sharp Edge Artefacts 
 
A fuzzy object intersecting a solid geometry produces artefacts, in the shape of a visible 
undesirable edge, appearing in the rendered graphics. This happens in our application 
when a smoke slice or a particle comes too close to the tunnel geometry, see Figure 22. 
To overcome this problem we have used smoothing functions, predefined in GLSL, in the 
shader programs, to fade away the geometries near the tunnel geometry. 
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Figure 22.  In image A there are artefacts in form of sharp edges between smoke slices and 

tunnel geometry. Result after smoothing is shown in image B. 
 
 
 
5.3.7 Lighting 
 
To increase realism a light was implemented in the fire source, directed downstream in 
the tunnel. The yellow/red lighting reflecting on the tunnel walls was implemented to 
illustrate the lighting emitted from a real fire. The light is static but can be animated to 
flicker and die out when the fire does, in order to correspond to the characteristics of real 
fire lighting.  
 
The four lights in the tunnel ceiling were animated, to prevent them from shining on the 
tunnel geometry when the smoke starts to spread out in the tunnel. To get an individual 
animation for each of the lamps the optical density below each lamp is sampled every 
second. The intensity of each lamp is then adjusted after the optical density. 
 
5.3.8 Cross Section 
 
Analysis of the data was simplified by implementation of cross sections, see section 4.1, 
along the x- and z-axis of the tunnel. The right dimensions were preserved through 
mapping of the grid point coordinates to cross section coordinates. To present grid point 
data with multiple attributes functionality of changing the visualized attribute in the cross 
sections was implemented. The attributes visualized are visibility, optical density and 
concentrations of oxygen, carbon monoxide and carbon dioxide. Each attribute was 
represented with an appropriate colour scale, see Figure 23. 
 

 
Figure 23.  Colour scales chosen for cross sectional visualization. From the left: tempera-

ture, optical density and gas concentration. 
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• The traditional blue to red colour scale was used to represent temperature. This 

scale corresponds to a part of the HSV colour model where H varies in the range 
[0, 240] and S and V have the fixed value 1. 

 
• Optical density was represented by greyscale since high optical density results in 

small visibility, i.e. black smoke. Greyscale is represented in the RGB colour 
model where the R, G and B value always has the same value.  

 
• The three different gas concentrations were represented by the green to red colour 

scale to emphasize dangerous zones. This scale is represented by the HSV colour 
model where H varies in the range [0, 120] and S and V have the fixed value 1. 

 
The colour scales represented by the HSV colour model was converted to RGB values 
using the formulas described in chapter 4.2.3. Only the first 2 sectors has been used since 
the H value lies in the range [0, 240] for generation of the wanted colour scales. 
 
 
5.4  Calculations 
 
Visibility and incapacitation dose are vital factors in the outcome when evacuating a 
tunnel, previous described in section 2.3 and section 2.2. Therefore, the possibility to get 
the current visibility and incapacitation dose was implemented in the application.  
 
 
5.4.1 Visibility 
 
Since the smoke properties can change between experiments a threshold value for accu-
mulated smoke density can be defined. If the accumulated smoke density over a distance 
has reached above the threshold no illumination gets trough, thus the visibility is equal to 
that distance.  
 
Through the optical density, stored in the grid, the visibility can be derived. The visibility 
is specified in meters and calculated in a given direction from the user’s position. Since 
we have a limited amount of grid points the assumption was made that the optical density 
is constant between grid slices, see Figure 24. 
 

 
 

Figure 24.   Length between adjacent grid slices where the optical density is assumed to be 
constant.  
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To specify in what direction the visibility will be calculated the user clicks in that 
direction in the scene, see Figure 25. When the user clicks in the scene a list of all inter-
sected geometries sorted front to back is generated by the viewer and stored in a HitList7. 
To obtain the visibility we implemented the following algorithm:   
 

For each hit smoke slice in the HitList do 
Find vertices of hit triangle polygon in the slice 
For each vertex do 

Add vertex optical density to polygon density 
Divide polygon density by three 
Multiply polygon density by half of the length between slice in 
front and slice behind current slice 
Add polygon density to total density 
If total density is larger than the threshold break 

Calculate the distance from the user to the current slice using Pythagoras' 
theorem 
Return distance 
 

Algorithm 3.  Algorithm for calculation the visibility. 
 

 
 
 

Figure 25.   Polygons intersected in mouse pointer direction, when clicking in scene. 
 
 
When the accumulated optical density has reached the threshold value the Euclidian 
distance, L, between A, the user position in 3D space, and B, the position of the last inter-
sected slice, is calculated derived from the Pythagoras’ theorem as follows (Adams 
2003):   
 

( ) ( ) ( )222
zzyyxx BABABAL −+−+−=    (12) 

 
 
If the user hits the tunnel geometry before the density has reached the threshold value, the 
length to the tunnel in that direction is returned. This length is calculated in the same way 
as described above, except for B being the position of the tunnel geometry instead.  
 

                                                      
7 A HitList is a predefined variable in OSG. 
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Special cases are implemented in the first and last slice in the HitList since they do not 
have surrounding slices to derive the length from. Therefore, the optical densities in these 
slices are multiplied by the fixed length of the average spacing between adjacent slices. 
 
5.4.2 Incapacitation Dose 
 
The incapacitation dose is calculated from the gas concentration values in the grid point 
closest to the user position. These values are used within the formulas described in 
section 2.2. The incapacitation dose is updated for each frame by adding the current 
calculated dose to the accumulated incapacitation dose. Due to lack of time the 
incapacitation dose is only calculated from the gas concentration and not from the 
temperature, see equation 7. The incapacitation dose calculated from the temperature 
could easily be implemented using the temperature value in the same grid point the gas 
concentrations are taken from. The accumulated incapacitation dose is displayed to the 
user in an information window when the user navigates through the tunnel. 
 
5.5   User Interface 
 
For the user to be able to interact with the visualization a User Interface (UI) has been 
implemented. The most important feature is the ability to navigate in the tunnel. This 
feature was implemented using the arrow keys on the keyboard. The user can move 
through the tunnel and view in different directions using specific key combinations as 
described in section A 1.6 in Appendix A. As described in section 5.4.1 the mouse can be 
used to get the current visibility in a direction specified by the user.  
 
The possibility to capture rendered frames and save them as images automatically has 
been implemented in the application. This feature can be turned on and off by the user. 
The saved frames can be used to make a movie. The ability to make movies from the 
application is useful to convey the result visualized by the application without having to 
run the application or to be able to view results on a computer that are not otherwise able 
to run the application, for example due to lack of sufficient graphics hardware. 
 
 
5.5.1 Graphical User Interface 
 
To make the interaction with the application more intuitive to the user a Graphical User 
Interface (GUI) has been implemented using OSG.  The purpose of the GUI is to 
facilitate for the user in questions concerning analysis of the data and control over the 
visualization. The GUI is designed to be user oriented; all buttons are self-explained 
using as little text as possible  
 
It is possible to run the visualization in real time, meaning, that one second during the fire 
experiment is equivalent to one second in the visualization. We implemented the possi-
bility for the user to view the visualization in the same manner you would watch a movie. 
The user has full control over the visualization, with the ability of making the visualiza-
tion go faster, in slow motion, pause it or rewind it using different GUI components.  
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6 Conclusion 
 
This chapter presents the results of this project and how it can be used in the future. A 
discussion of the limitations and advantages of the application follows. We will also 
discuss a few of the features that could be implemented in a next step in the development 
of the application.  
 
6.1          Results 
 
We have presented a way of visualizing measurement data from fire experiments in 
tunnels with 3D computer graphics. An application has been implemented using the 
techniques described in this report. The application can be seen as a prototype that is a 
first step to a program which can handle many types of tunnel fire experiments. 
 
The application runs with data from model-scale tunnel experiments conducted by SP.  
Graphics hardware used during the implementation was NVidia GeForce 7600. The 
application has been developed using OpenSceneGraph and OpenGL Shading Language. 
 
Implemented functionality: 
 

• Visualization of smoke and fire. 
• Exposure of toxic substances to a person in the tunnel 
• User navigation through the visualization.  
• Cross sections along and across the tunnel, showing five different measurands 

with suitable colour scales. 
• Options to affect the visualization as a movie played on a video. 
• Taking snap shots of visualization for movie creation. 

 
 
The application will be used as a complement in experiment result demonstrations. 
 
Figure 26 and Figure 27 are two screenshots showing the application from different 
viewing positions.  

 
Figure 26.  Screenshot taken from upstream position, showing the fire geometry and the 

particle system. The cross section displays the temperature. 
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Figure 27.  Screenshot taken from a downstream position, showing the smoke and the 

density in the cross sections. 
 

 
6.2  Discussion 
 
A 3D visualization is a powerful tool when it comes to presentation of experiment results 
for customers and decision-makers. A realistic visualization is easier to comprehend than 
2D graphs and also gives a similar presentation of experimental data as the well known 
presentations of CFD-data. 
 
The application developed here is adapted for straight tunnels with a longitudinal 
ventilation system. The adaptation is due to the method of choosing particle paths in the 
particle system. It would be easy to implement a solution where the particle system works 
with both a longitudinal and a transverse ventilation systems by changing the particle path 
criteria. The application is developed with results from fire experiments conducted at SP 
where the ventilation is longitudinal and will primarily be used to visualize equivalent 
experiments. However, the adaptation to a longitudinal ventilation system could be a 
limitation if experimental data from tests performed in tunnels without ventilation are to 
be visualized.  
 
The amount of collected data is limited because of the cost of sampling techniques. 
Evaluation has shown that a grid regular in all three dimensions would be preferable to 
get the best visual result along with the additive technique computer graphics use to 
generate pixel colours. Due to the sparsely collected data and the limited time of the 
project, the grid used in the application is only fully regular in two dimensions. 
 
The requirement of moving through the data gives certain constraints on the application 
when the area of data to be shown is growing large. If the measurement data had been 
dense enough the technique of billboarding would be applicable on the smoke slices as 
well as the particles, partitioning the smoke slices into small billboards. Using the 
technique of billboarding would make the smoke viewable from different directions, but 
with the current density of measurement data the billboarding technique would not give a 
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smooth image of the smoke. Dense enough measurement data would also prevent the 
visual effect of walking through slices when moving along the tunnel. This problem has 
instead been prevented by the implementation of moving slices. 
 
The visualization of fire and smoke has been implemented with several different 
techniques appropriate for different data characteristics. The smoke was implemented 
using a technique of textured slices. This technique is fast and independent on the amount 
of smoke in the visualization. Since the smoke characteristic is not as vivid as the one for 
the fire flames the technique of using textured slices for the smoke visualization is satis-
fying. Along with the animation of the tunnel lights this technique gives a good visual 
result.  
 
A mixture of the techniques texture slice and particle system has been used when 
visualizing the fire to generate the best result and a frame rate fast enough. The sparsely 
sampled data makes it impossible to get an exact reproduction of the fire flames. An 
approximation done with a particle system will therefore work in this case. The technique 
of having a particle system has both advantages and disadvantages. 
 
Advantages: 

- Gives a vivid fire which contributes to a realistic visualization. 
- Usage of billboarding technique is possible. This facilitates a good visual 

result when viewing the fire flames from different directions. 
 
Disadvantages: 

- Reduces the frame rate which is dependent of the fire flame size, i.e the 
amount of particles. 
- Approximation of the fire.  
- Constraints the application to tunnels with longitudinal ventilation system. 
Due to the method the particle system uses to choose where to send the 
particles. 
- The updating process is handled by the CPU. 

 
To have the correct rendering order of the particles in the smoke the particle system had 
to be divided into one drawable for each particle instead of having one drawable for the 
whole particle system. This circumstance makes the rendering and updating of the 
particle system a slow process and reduces the frame rate. But still the strong contribution 
to a more realistic visualization of fire makes the particle system a useful technique. 
 
The technique of using textured slices is applicable on the fire as well as the smoke. 
Contrary to the smoke visualization the texture slices has both advantages and 
disadvantages when it comes to vivid fire visualization. 
 
Advantages: 

- Update process on GPU. 
- Frame rate independent of fire flame size. 
- Gives an exact reproduction of the measurement point positions. 

 
Disadvantages: 
 - No vivid fire characteristics. 
 
 
In the application the particle system is the most computational heavy technique and one 
of the reasons the frame rate drops. Due to this we have limited the particle system to an 
area close to the fire source in order to keep the frame rate at a satisfying level. If the 
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update and draw phase time could be reduced more particles and particles in a larger area 
could be implemented leading to a better visual result while still having a satisfying frame 
rate above 30 fps. One technique that would improve the update time is the one used in 
Latta (2004) where the positions and velocities of the particles are stored in textures 
which are treated as input streams to the GPU and there processed becoming an output 
stream from the GPU. The processing of an input stream is rendering or updating. The 
output streams are often reused as an input stream to a later processing step. This means 
that updating the textures can be handled by pixel shaders run on the GPU. This 
technique would move the update phase of the particle system to the GPU, so that both 
the update and draw phase would be implemented on the GPU, hence no more sending 
data back and forth between the CPU and the GPU, which is a bottleneck and very time-
consuming for huge amount of data. However, we are not sure how this technique will 
work with the textured slices in aspect of the rendering order, so this technique needs to 
be further evaluated. 
 
The exposure of toxic substances to a person has been implemented using the 
incapacitation dose. The incapacitation dose has been calculated based on the values from 
the closest point to the user but for a more accurate result it should be interpolated 
depending on where the user stands and the distance between the slice geometries. The 
temperature should also be integrated into the incapacitation dose to generate a more 
realistic exposure factor. 
  
 
6.3  Future work  
 
Development of applications used to visualize tunnel fires from measurement data is a 
new field in computer graphics. An application like this can be used for many purposes 
ranging from scientific analysis of the results from tunnel experiments to usage in the 
design of new tunnels, educational and training purposes or working as a simulation of a 
real tunnel fire allowing rescue workers to practise in a safe environment. The application 
developed during this project is mainly developed to simplify analysis of tunnel fire 
experiments and present the results in an intuitive way. There are things to be improved 
and other areas to be developed.  
 
To run the application, a fairly closed space grid is needed that is impossible to obtain 
directly from fire experiments. This leads to an additional step of interpolating more 
values before using our application. Implementing an independent application that auto-
matically can derive all new values necessary depending on the amount of detail preferred 
would be a useful tool to ease use of the application without having to manually pre-
process the data. 
 
The application is designed to be adaptable to different tunnel experiments, both large 
and model scale experiments; this has not yet been tested, due to limited amount of time, 
and needs to be evaluated. Furthermore, the possibility and advantages of using the appli-
cation in other fire research areas, with a different geometry could be examined. 
 
Another useful feature that was not implemented is the ability to view the experiment 
from the outside of the tunnel if one removes one of the tunnel walls. This would give the 
user an overview that can not be obtained from the inside of the tunnel. An overview like 
this facilitates the understanding of how the fire spreads over time, which can be difficult 
to follow when standing in the middle of the fire. 
 
When analysing fire experiments some features are more interesting to look at, like 
temperature boundaries. Even with cross sections it is difficult to see exactly where 
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certain boundaries are, for example, the temperature threshold boundary between fire and 
smoke or between smoke and no smoke areas. Iso-surfaces in 3D would be a suitable 
technique for displaying these features and would improve the scientific analysis of the 
results in the application. 
 
To enhance realism of the visualization several visual features could be implemented. The 
most essential of these features would be implementation of emergency doors and signs 
in the tunnel. This would make the user feel more present in the tunnel and also give 
him/her the opportunity to evacuate the tunnel in time by him/her-self. For this to be 
realistic the user’s velocity should be set to normal evacuation speed and it should also 
decrease due to incapacitation and visibility. Other visual enhancements that could be 
made is replacing the burning box geometry by a car model, bump mapping on the wall 
and ceiling textures and placing of traffic signs.  
 
Further development can also be made on the GUI. Designing the GUI in a framework 
with windows appearance that most users are familiar with would make the GUI more 
useable and would also separate the GUI from the visualization window. Now the GUI is 
implemented in OSG, which is not optimal since OSG does not support vector graphics 
causing trouble when trying to implement small features, for example images on buttons, 
in the GUI.  
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 Appendix A 
 
A 1 User Manual TunnelFireViz Version 1.0 
 
 
A 1.1  System requirements  
Microsoft Windows XP 
Graphic card with shader 2.0 support 
 
A 1.2 Installing the software  
To install the program unzip the file TunnelFireViz.zip in your program folder or in a 
preferred location. The extracted files will consist of a folder, TunnelFireViz, containing 
the executable program file, TunnelFireViz.exe, a number of dll-files needed to run the 
program and the following folders Data, Images, ScreenShots and Shader. 
 
A 1.3 Create input file 
The excel file containing the data to be visualized need to be designed in a specific way. 
The first sheet, Parameters, contains general information about the experiment and 
preferred settings for the visualization, see Table A.1. There are no default values in the 
program so all parameters in the first sheet need to be declared otherwise the program 
will not work. It is also important that each parameter is defined in the correct column 
and row as defined in the example, see Table A.1. A template (TunnelFireExperiment-
Template.xls ) that can be used as a starting point when constructing the input xls-file is 
provided together with the other files related to the project. The template contains the first 
sheet, were each parameter is defined in the correct place. 
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Table A.1 Parameters in excel sheet needed to be defined. 
 
Test name Description of defineable parameters:
Test1 Name of experiment.
Tunnel geometry
width (mm) 450 Width of tunnel (mm).
heigth (mm) 250 Height of tunnel (mm).
length (mm) 10000 Length of tunnel (mm).

Dimensions points
x 48 Point dimension along the x-axis.
y 7 Point dimension along the y-axis.
z 5 Point dimension along the z-axis.

Fire geometry
x 0 Centre point x-coordinate.
y -225 Centre point y-coordinate.
z 0 Centre point z-coordinate.
width (mm) 250 Width of fire geometry box (mm).
height mm 50 Height of fire geometry box (mm).
length (mm) 200 Length of fire geometry box (mm).

Data
measurement points 1680 Total amount of measurement points.
seconds (s) 2 Seconds written to text-file. 

Thresholds
fire (degrees) 600 Threshold between fire and smoke (°C).
smoke (1/m) 0,01 Threshold for visible smoke(1/m)
smoke 10m (1/m) 0,2 Threshold for seeing 10 m (1/m).
max temperature (degrees) 1350 Maximum temperature (°C).
min temperature (degrees) 0 Minimum temperature (°C).
max density (1/m) 2,16 Maximum optical density (1/m).
min density (1/m) 0 Minimum optical density (1/m).
max oxygen (%) 30 Maximum oxygen concentration(%).
min oxygen (%) 0 Minimum oxygen concentration(%).
max carbon monoxide (ppm) 10000 Maximum CO2 concentration(ppm).
min carbon monoxide (ppm) 0 Minimum CO2 concentration(ppm).
max carbon dioxide (%) 10 Maximum CO concentration(%).
min carbon dioxide (%) 0 Minimum CO2 concentration(%).
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Due to the additive technique of generating pixel colours in computer graphics, the posi-
tioning of slice geometries in the tunnel is needed to be fairly symmetrically distributed 
along the x-axis of the tunnel to give the best visual result. During the development, an 
experiment in 1:20 scale with distances ranging between 125 mm and 150 mm was used 
(which resulted in 48 slices), giving a good visual result.  
 
The second sheet, Nodes Data, shall contain information about the positions of the 
measurement points and the sampled values from the experiment. FIgure A.1 and A.2 
show how the tunnel is positioned in the Cartesian coordinate system. Notice that the 
origin is positioned in the ceiling in the centre of the tunnel. This is important to have in 
mind when giving coordinates to the measurement points. 
 
 

 
 

Figure A.1  Side view of the tunnel where L is the length of the tunnel. 
 
 

 
 

Figure A.2  View into the tunnel where w is the width of the tunnel. 
 

 
The positions of the points have to be written starting from the upper left corner, going 
through the x-axis, then the y- axis and last the z-axis as shown in Figure A.3, where n is 
the number of points in x-axis, m is the number of points in y-axis and k is the number of 
points in z-axis.  
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Figure A.3  Order to declare measurement points in excel sheet. 
 
 
It is important to have an equal amount of points in each row, not leaving any values out. 
The experiments have to sample values with interval 1 second.  
 

 
Figure A.4  Example of declaration order. 
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Figure A.4 shows a simple example that illustrates in which order the points needs to be 
declared in the excel sheet. There are two slices, A and B, in the tunnel where each slice 
have nine points. A is in front of B. 
 
The program uses dots, “.”, as decimal character so it is important that all decimal 
character in the excel sheets are dots and not decimal points, “,”. To change these settings 
in Excel go to Verktyg->Alternativ->Internationellt and change decimaltecken to a dot. 
 
The program can only read txt-files, which can be created from the excel-file using the 
macro, export, which is included in the template excel-file, 
TunnelFireExperimentTemplate.xls. The macro will create the txt-file under 
“C:\Documents and Settings\” with the name, “experiment name _ number of 
seconds.txt”, for example test1_500.txt. Move the created file to the Data folder in the 
program folder, TunnelFireViz. 
 
A 1.4 Run program 
Run the program from the command prompt with desired data input file as command-line 
argument, for example TunnelFireViz.exe Data/test1_500.txt. The program start time 
depends on how long the visualization is and on how many measurement points it is in 
the input file.  
 
 
A 1.5 GUI 
When the program has started the following will be displayed: 
 
Information window 
Here is information about the experiment presented. If the user clicks in the tunnel, 
information about density and visibility, in the mouse pointer direction, will be displayed 
in this window. Incapacitation dose is calculated and updated for each frame.  
 

 
 

Figure A.5  Information window. 
 
 
Control area  
The main GUI area displays information about the experiment name, time, cross section 
of the tunnel in the xy-axis, and buttons to control the visualization, change cross section, 
increase and decrease particles and change measurands. Which cross section to show can 
be changed, using the change cross section control bars in the control area.     
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Figure A.6  Control area with cross section and control buttons. 
 
 
Cross section window 
This window displays a cross section of the tunnel in the yz-axis. Which cross section to 
display can be changed, using the change cross section control bars in the control area. 
The data visualized can also be changed between temperature, optical density, oxygen 
concentration, carbon dioxide concentration or carbon monoxide by using the change 
measurands in the control area. The bar of the Cross section window indicates which 
measurands that are being visualized.      
 

 
 

Figure A.7 Cross section window. 
 

 
 
Visualization area 
Main area for visualization, here you can see the tunnel and the fire. 
 

 
Figure A.8 Visualization area and GUI. 

 
 
A 1.6 Navigation 
To navigate in the tunnel use the shift, ctrl and arrow keys. 
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Table A.2 Keys and key combinations used to navigate. 
 

Key combination Event 
Up  move forward 
Down  move backward 
Right  look to the right 
Left  look to the left 
Shift + Up  move up 
Shift + Down move down 
Shift + Right  move to the right 
Shift + Left  move to the left 
Ctrl + Up  look up 
Ctrl + Down  look down 
Ctrl + Right  look to the right 
Ctrl + Left  look to the left 

 
 
A 1.7 UI 
Some events can be controlled by using the keyboard: 
 
Table A.3 Keys to trigger specific events. 
 

Key Event 

i Start/stop image capturing 
n  Show/hide GUI 
d  Change measurand in cross section 
t  Increase time 
g  Decrease time 
z  Increase end points 
x Decrease end points 
c  Increase particle rate 
v  Decrease particle rate 
k  Show/hide smoke 
j  Show/hide particles 
h Move user to home position 
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Table A.4 Keys predefined in OSG. 
 

Key Event 

w Toggle between wire mesh, points and normal mode 
s  Show frame, update, cull and draw rate. 
f  Toggle between full screen and not full screen mode 
l Turn on/off lighting 
b  Turn on/off back face culling 
Some keys are predefined by OSG. 
  
 
A 1.8 Capture frames for movie 
Press i to start and stop frame capturing. With frame capturing activated, an image file 
will be stored for every frame in the ScreenShots folder in the program folder, 
TunnelFireViz. Use the images sequence to create a movie in a movie making program, 
for example VirtualDub (http://www.virtualdub.org/). The frame capturing slows down 
performance; therefore, it is best to use this method while not in full screen mode.   
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 Appendix B Development of the Application 
 
 
The code is divided into two Visual Studio projects, one for the tunnel with the slice 
geometries and one for the particle fire. The particle fire is built up as a .dll file which 
needs to be included into the tunnel project. No changes are needed in the particle fire 
project unless one wishes to completely change the way the particle system works. The 
intensity and speed of the particle system is possible to change in the tunnel project. 
 
B.1 Visual Studio Settings 
 
To develop the application you will need Microsoft Visual Studio 2005 version 8.0. and 
OSG installed on your computer (see Appendix C). The application is divided into two 
projects, Particlefire and Tunnel. To change and recompile the Tunnel project the 
following settings must be made in the project property page. 
The project is built in debug mode only, in the project property page choose configuration 
Debug. 
Go to C/C++ ->General and set Additional Include Directories to: 
where\I\installed\OpenSceneGraph\include 
where\I\installed \Producer\include 
where\I\installed\OpenThreads\include and 
where\I\put\Particlefire\Particlefire 
 
Go to Linker->General and set Additional Library Directories to: 
where\I\installed\OpenSceneGraph\lib 
where\I\installed\Producer\lib 
where\I\installed\OpenThreads\lib\win32 and 
where\I\put\Particlefire\Particlefire\Debug 
 
The lib-files below are already included in the tunnel project. The “d” in the end of the 
name indicates that they are used for debug mode.  
Go to Linker -> input -> Additional Dependencies and the following files will be 
included: 
osgd.lib,  
osgDBd.lib,  
osgGAd.lib,  
osgParticled.lib,  
Particlefire.lib,  
opengl32.lib,  
glut32.lib,  
glu32.lib,  
osgFXd.lib,  
osgTextd.lib,  
osgUtild.lib,  
odbc32.lib,  
odbccp32.lib,  
OpenThreadsWin32d.lib,  
Producerd.lib and  
osgProducerd.lib 
 
If the Particlefire project is changed and recompiled the generated dll-file, particlefire.dll, 
must be moved to the tunnel directory in the debug folder. 
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B.2 Tunnel   
 
The tunnel project consists of 18 classes in 16 h-files and 15 cpp-files. Each class is 
declared in one h-file and defined in the adherent cpp-file, except for the classes 
MyCameraPostDrawCallback and tunnelLightCallback, they are only defined in 
main.cpp. The file parameters.h has no adherent cpp-file. parameters.h contains a class 
with only variables used for reading and storing the measurement data. No definition is 
needed for this class. resources.h is an include file generated by Visual Studio 2005 to 
manage the icon for the project’s exe-file. The main function is defined in main.cpp this 
is from where the visualization is controlled. The classes are listed in Table B.1. The class 
diagram is shown in Figure B.1. For further details on the tunnel project see the system 
documentation. 
 
A callback function is a special type of class that is called on a per frame basis during the 
traversal of the scene graph. The callback function then calls an update function used to 
animate specified parts of the scene. 
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Table B.1 Description of classes in the tunnel project. 
 

Container Class to create containers to put GUI-components on  

CrossSection Class handling cross sections in X and Z-axis. Managing 
highlights of chosen cross section  

CrossSectionCallback Callback class that handles updating of cross sections  

Fire Class to create and mange a particle system  

FireController Class to control the particle system in class Fire  

GUI Class creating and handling GUI-components  

Incapacitation Class to calculate incapacitation dose for a given second in a 
given point  

keyboardEventHandler Class handling incoming events from keyboard keys  

keyboardEventHandler::functionStatus
Type 

Struct to handle status of key  

MyCameraPostDrawCallback Callback class handling image capturing when making a 
movie  

Navigator Class handling navigation in the tunnel  

Parameters Class containing parameters read from excel-sheet  

PickHandler Class to handle events generated when picking in the scene 
with the mouse  

ReadData Class which handles the reading of data from text-file and 
put it in the variables and vectors in the parameters class  

Smoke Class handling building of the geometries for the smoke 
slices  

smokeCallback Callback class for updating smoke geometries  

Text Class building up text lines and handling changes and 
updates of the text  

TunnelGeometry Class containing all solid objects of the tunnel environment, 
like walls ceiling, road and geometry that is burning  

tunnelLightCallback Callback class for animating tunnel lights  
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Figure B.1  Class diagram of TunnelFireViz. 
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The measurement data is stored in arrays built up as a 3D matrix, see Figure B.2. The first 
dimension is determined by an array with the length equal to the number of seconds, s, in 
the experiment. Each element in the first dimension contains an array with the length 
equal to the number of slice geometries, n, in the tunnel; this array corresponds to the 
second dimension. Each element of the second dimension contains an array with the 
length equal to the number of grid points, p. At this level the measurement data is stored.  
 
 

 
 
Figure B.2 Measurement data storage arrays. 
 
 
 
B.3 Particle fire 
 
The particle fire project consists of 14 classes in 14 h-files and 7 cpp-files. Each class is 
declared in one h-file and defined in the same file or in the adherent cpp-file. Since this 
project generates a dll-file there is no main function. The classes are listed in Table B.2. 
For further details on the particle fire project see the system documentation. 
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Table B.2 Description of classes in the particle fire project. 
 

nsFire::Counter Abstract base class for particle counter  

nsFire::DirectionalShooter Class that shoots particles directional  

nsFire::Emitter Abstract base class for particle emitters  

nsFire::ModularEmitter Class that controls the creation of particles  

nsFire::MultiPointPlacer Class that controls the placement of the particles  

nsFire::Particle Class to implement a particle  

nsFire::ParticleProcessor Common base interface class for those classes which 
interacts with the particles  

nsFire::ParticleSystem Class to hold a set of particles and manage particle 
creation, update and destruction  

nsFire::ParticleSystemUpdater Class for updating particle systems automatically  

nsFire::Placer Abstract base class for particle placers  

nsFire::RandomRateCounter Class used by ModularEmitter to determine number 
of new particles to create  

nsFire::range< ValueType > Struct template useful to store ranges of values as 
min/max pairs  

nsFire::Shooter Abstract base class used by ModularEmitter to 
"shoot" the particles  

nsFire::VariableRateCounter Base class to RandomRateCounter  

 
 
 
B.4 Redistribute the application 
 
To redistribute the application, for example to run the application on a computer where 
Visual Studio and OSG is not installed, you will need the following files and folders in 
the same folder located in a preferred place. 
• The exe-file, tunnelFireViz.exe, generated when building the tunnelFireViz project. 

To build the tunnel project choose Build -> Build Solution. 
• The manifest-file, tunnelFireViz.exe.manifest, also generated when the project is 

being built. 
• Four folders named;  

o Data, should contain txt-files with measurements data information 
o ScreenShots, empty 
o Images, containg all images used in the application 
o Shader, containing the source code for shaders 

• The dll-file from the Particlefire project, Particlefire.dll. 
• The dll-files from OSG that the application depends on; i.e. OpenThreadsWin32d.dll, 

osgd.dll, osgdb_bmpd.dll, osgdb_freetyped.dll, osgdb_gifd.dll, osgdb_jpegd.dll, 
osgdb_pngd.dll, osgdb_rgbd.dll, osgDBd.dll, osgGAd.dll, osgProducerd.dll, 
osgTextd.dll, osgUtild.dll, Producerd.dll, these dll’s can be found in the OSG folders. 
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• Three folders containing Visual Studio dll-files, the folders names are: 
Micorosft.VC80.DebugOpenMP, Microsoft.VC80.DebugCRT and 
Microsoft.VC80.DebugMFC they can be found in the Microsoft Visual Studio 8 
folder.  
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Appendix C 
 

C 1 Installation Guide for Visual Studio 2005 
and OSG  

 
This is an installation guide for Visual Studio 2005 and OSG. This was written in 
September 2006; therefore all versions of downloaded files are versions prior to that date. 
If newer versions have been released they might be work as well, although there is no 
guarantee that development of the tunnel project will work with newer editions of the 
components. 
 
 
 
C 1. 1 Install Visual Studio 2005 
Download Visual Studio 2005 Professional Edition, trial version from 
http://www.microsoft.com/downloads/details.aspx?FamilyId=B2C27A7F-D875-47D5-
B226-E2578A116E12&displaylang=en 
 
This is what you should get: 
En_vs_2005_Pro_90_Trial.img  
 
Burn the img-file to a DVD: Change the filename to .iso and open the file with for 
example Nero Burning ROM and choose burn image. 
 
Install Visual Studio from the burned DVD. Choose full installation. 
 
Install Visual Studio SDK 
Download Visual Studio SDK from 
http://msdn.microsoft.com/vstudio/partners/default.aspx. Follow the quick links to Visual 
Studio 2005 SDK on the right. You need to register before you can download the file. 
 
This is what you should get: 
VsSDKApril2006.exe 
 
 
Install Visual Studio SDK. Choose the default settings, no extra features needs to be 
installed. 
 
C 1. 2 Install OSG 
Download and extract all files in: 

• OSG_OP_OT-1.1.zip from http://www.openscenegraph.org/ in downloads 
• OpenSceneGraph-Data-1.1.zip from the link SampleDataset on the download 

page 
 
Download: 

• 3rdParty_Win32binaries from 
http://www.openscenegraph.org/osgwiki/pmwiki.php/Downloads/Dependencies 

 
Extract all files and move: 

• the files in 3rdParty/include to Microsoft Visual Studio 8/VC/include  
• the files in 3rdParty/lib to Microsoft Visual Studio 8/VC/lib  
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• the files in 3rdParty/bin to WINDOWS/System32 
 
Download OpenGL-libraries from 
http://www.freedownloadscenter.com/Utilities/Required_Files/OpenGL_Download.html 
 
Run the Opengl95.exe file move the generated files: 

• The .h files to Visual Studio 8/VC/include/GL 
• The .lib files in Microsoft Visual Studio 8/VC/lib 
• The .dll files in WINDOWS/System32 

 
Build your Open Scene Graph-files with Visual Studio in the following order: 

1. OpenThreads.dsw located in ..\ OSG_OP_OT-1.1\OpenThreads\win32_src 
2. Producer.dsw located in ..\ OSG_OP_OT-1.1\Producer\VC++6.0 
3. OpenSceneGraph.dsw located in ..\ OSG_OP_OT-

1.1\OpenSceneGraph\VisualStudio 
If a question about converting the project to current version of Visual studio is asked 
choose yes to all. 
 
Find the .dsw file in each folder and open it in Visual Studio. Build all files in both debug 
and release mode (not static). To build go to Build and choose Build Solution. Make sure 
that there are no errors. Warnings are okay. 
 
Copy .dll-files in Producer/bin to OpenSceneGraph/bin 
and .dll-files in OpenThreads/bin to OpenSceneGraph/bin 
 
This step is optional and depends on how the settings are made in an OSG project, see 
section C 1.3. 
Set environment variables by right-clicking on My Computer and go to properties, choose 
advanced and environment variables.  
 
PATH =  where\I\put\my\OpenSceneGraph\bin  
OSG_FILE_PATH = where\I\put\my\OpenSceneGraph-Data 
 
OSG_INCLUDE_PATH = where\I\put\my\OpenSceneGraph\include; 
         where\I\put\my\OpenThreads\include; 
        where\I\put\my\Producer\include 
OSG_LIB_PATH =  where\I\put\my\OpenSceneGraph\lib; 
                    where\I\put\my\Producer\lib; 
                   where\I\put\my\OpenThreads\lib\win32; 
 
Reboot computer.  
 
C 1. 3 Create new OSG project in Visual Studio. 
This is only needed if you start a new OSG project. To develop the tunnel project do the 
settings as described in section B.1.  
 
Run Visual Studio and choose emptyproj.  
 
Right-click on the project file and choose properties.  
 
In configurations choose all configurations.  
 
Go to C/C++ ->General and set Additional Include Directories to: 
where\I\put\my\OpenSceneGraph\include 
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where\I\put\my\Producer\include 
where\I\put\my\OpenThreads\include 
or the environment variable $(OSG_INCLUDE_PATH) 
 
Go to Linker->General and set Additional Library Directories to: 
where\I\put\my\OpenSceneGraph\lib 
where\I\put\my\Producer\lib 
where\I\put\my\OpenThreads\lib\win32 
or the environment variable $(OSG_LIB_PATH) 
 
To compile in debug mode do the following. In configurations choose debug. 
Go to Linker->Input and add the .lib files needed for your project to Additional 
Dependencies. For example it can be these files: 
 
osgd.lib 
osgdb_gdald.lib 
osgdb_txpd.lib 
osgDBd.lib 
osgFXd.lib 
osgGAd.lib 
osgIntrospectiond.lib 
osgParticled.lib 
osgProducerd.lib 
osgSimd.lib 
osgTerraind.lib 
osgTextd.lib 
osgUtild.lib 
 
OpenThreadsWin32d.lib 
 
Producerd.lib 
 
opengl32.lib 
glu32.lib 
glut32.lib 
 
Go to C/C++ ->Code Generation and change Runtime Library to: 
Multi-threaded Debug DLL (/MDd) 
 
C/C++->General-> Debug Information Format change to (/ZI). 
 
Linker -> Debugging -> Generate Debug set to yes 
 
 
To compile in release mode to the following: 
In configurations choose release. 
Go to Linker->Input and add the .lib files needed for your project to Additional 
Dependencies. For example it can be these files: 
: 
 
osg.lib 
osgDB.lib 
osgdb_gdal.lib 
osgdb_txp.lib 
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osgFX.lib 
osgGA.lib 
osgIntrospection.lib 
osgParticle.lib 
osgProducer.lib 
osgSim.lib 
osgTerrain.lib 
osgText.lib 
osgUtil.lib 
 
OpenThreadsWin32.lib 
 
Producer.lib 
 
opengl32.lib 
glu32.lib 
glut32.lib 
 
Go to C/C++ ->Code Generation and change Runtime Library to: 
Multi-threaded DLL (/MD) 
 
C/C++->General-> Debug Information Format change to (/ZI). 
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