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Abstract 
The increased usage of infrared sensors by pilots has created a growing demand 
for simulated environments based on infrared radiation. This has led to an 
increased need for Saab to refine their existing model for simulating real-time 
infrared imagery, resulting in the carrying through of this thesis. Saab develops 
the Gripen aircraft, and they provide training simulators where pilots can train 
in a realistic environment.  The new model is required to be based on the real-
world behavior of infrared radiation, and furthermore, unlike Saab’s existing 
model, have dynamically changeable attributes. 
 
This thesis seeks to develop a simulation model compliant with the 
requirements presented by Saab, and to develop the implementation of a test 
environment demonstrating the features and capabilities of the proposed model. 
All through the development of the model, the pilot training value has been kept 
in mind.  
 
The first part of the thesis consists of a literature study to build a theoretical 
base for the rest of the work. This is followed by the development of the 
simulation model itself and a subsequent implementation thereof. The 
simulation model and the test implementation are evaluated as the final step 
conducted within the framework of this thesis. 
 
The main conclusions of this thesis first of all includes that the proposed 
simulation model does in fact have its foundation in physics. It is further 
concluded that certain attributes of the model, such as time of day, are 
dynamically changeable as requested. Furthermore, the test implementation is 
considered to have been feasibly integrated with the current simulation 
environment.  
 
A plan concluding how to proceed has also been developed. The plan suggests 
future work with the proposed simulation model, since the evaluation shows that 
it performs well in comparison to the existing model as well as other products 
on the market. 
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1 Introduction 
This chapter gives an initial insight to the work conducted within the scope of 
this thesis. The background of the thesis as well as the overall objective and 
problem description are introduced to the reader. A brief discussion regarding 
what to expect of this thesis is also be presented. 

1.1 About Saab 
Saab is one of the world’s leading high-technology companies, with its main 
operations in defence, aviation, space and civil security. Saab covers a broad 
spectrum of competencies and capabilities in systems integration.  
 
Saab Aerosystems offers advanced airborne systems, related sub-systems and 
services during a products whole lifecycle to defense customers and aerospace 
industries on the world market. Saab is actually one of few companies in the 
world that possesses the ability to develop and integrate complete aircraft 
systems. The knowledge of flight technology, command and control, and 
modeling and simulation has been utilized by Saab Aerosystems, and the 
systems engineering operations have expanded into areas like unmanned aerial 
vehicles, tactical systems for helicopters and advanced pilot training systems.  
 
Gripen is Saab’s most recent fighter and the world’s first fourth-generation 
fighter aircraft in active service. Gripen is the most powerful and advanced 
fighter aircraft ever built by Saab, as well as the most flexible and cost effective. 
Saab Aerosystems has the overall system responsibility for the development of 
the Gripen, and the aircraft is the business unit’s most important product.  
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Development and supply of training equipment has always been an essential 
part of Saab’s operations. Today, Saab has an extensive training, modeling and 
simulation business, comprising everything from target towing to advanced 
simulation systems and complete training systems for fighter pilots.  
 
Pilots who are able to train, plan and practice specific missions with realistic 
systems integrated in a realistic environment are better prepared for mission 
success. That is why all Saab’s training and tactical support systems are 
designed to provide experience in advance. The use of modeling and simulation 
support is an integrated and natural part of the aircraft development process. 
Saab consequently acquires broad and qualified expertise in defining, 
developing and operating simulators for all phases of system life cycles. 

1.2 Background 
For decades, infrared sensors have been used in aircrafts to aid pilots with 
different tasks during their missions. The value and importance of the 
information provided by the infrared sensors continue to grow as the quality, 
sensitivity, and correctness of the sensors improve. This development has given 
rise to an increased need and desire to be able to simulate and make use of the 
information provided by the sensors even in the flight simulators. For Saab to 
meet the uprisen need, a basic physical model of the infrared sensor was 
developed and infrared simulation was thereafter possible. However, 
shortcomings of the implemented model came to surface as the usage increased. 
Users wanted the model to be of a more dynamic nature, in order to increase the 
training value. The revelation of these shortcomings initiated the process to 
further enhance and develop the simulated model. Discussions regarding how 
the work should proceed resulted in the birth of this thesis. 

1.3 Thesis Objective 
The objective of this thesis is to conduct a feasibility study and test 
implementation of real-time rendering of infrared simulation suitable for pilot 
training purposes. The simulation is based on a real-world physical model of the 
properties and behavior of infrared radiation. The physical model should depend 
on several environmental properties and parameters, which in turn are required 
to be able to be dynamically changed during operation.  

1.4 Problem Description 
To reach for the overall thesis objective, the following problem description has 
been identified. 
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• Foundation in Physics 
o How can the model be “Physically correct”? 
o What parameters affect infrared radiation? 

• Requirements 
o Which requirements are present regarding; performance, 

properties, settings, and dynamics? 
o How can these requirements be met? 
o Are there limitations that make some of these requirements 

difficult to meet? 
• Evaluation of the Model 

o How can the model be evaluated? 
o How does the model compare to other products or solutions? 
o How does the model compare to reality, according to users? 
o Is there a future potential in the solution? 

 
The problem description is treated and dissected in Chapter 8. A detailed list of 
conclusions based on the problem description and the analysis is presented in 
Chapter 10. 

1.5 Scope 
The limited time available for the work with this thesis meant that not all 
aspects of simulating an infrared scene could be covered. The choice to focus on 
terrain and target simulation was therefore made in consideration with the 
supervisors at Simulatorcentralen, Saab AB. 

1.6 Target Audience  
The reader of this thesis should have a university level technical background 
and basic knowledge in the field of physics. 

1.7 Method 
The work in this thesis has been conducted according to the following method. 
The structure of the written report thereof is also in line with this approach. 
 

1. Literature Study 
A literature study has been conducted in order to attain knowledge in the 
field of study. The theory concerning infrared radiation is needed in 
order to develop a feasible physical model to base the simulation on. 
 

2. Simulation Model 
The simulation model was developed with the physical theory of 
radiation as a base. Some simplifications had to be made to the real-
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world behavior described in theory, in order to meet certain 
requirements identified in the thesis. 
 
 

3. Data Acquisition 
In order for the model to perform, data input is needed. The data needed 
for a successful simulation and also the sources for the information are 
identified. 
 

4. Choice of Technique 
After developing a simulation model and identifying the necessary data, 
a decision concerning which technique to be used to transfer the 
simulation model and data acquisition into a working solution had to be 
made. 
 

5. Test Implementation 
When the choice of solution had been made, a test implementation 
thereof was carried out. 
 

6. Evaluation 
Upon finishing the test implementation, the simulation model and the 
test implementation itself were evaluated. The evaluation is made 
relative to the initial objective and problem description. 

1.8 Outline 
Chapters 2 and 3 present the theory of the work, and are the basis for the 
simulation model developed in this thesis. They are based on the conducted 
literature study. The remaining chapters are all a result of the work carried out 
throughout the thesis. Chapter 4 presents the existing model used for infrared 
simulation, and also describes the tools and software used today. Chapter 4 is 
important both to show the existing model and also to present the environment 
in which the simulation is performed. In Chapter 5, requirements, 
simplifications, possible limitations, and the required data are described. These 
factors all affect the chosen solution, and are used to form the model. The 
implementation presented in Chapter 6 and 7 uses the mathematical model with 
the introduced simplifications and requirements to calculate a result. A complete 
analysis of the result of the work is presented in Chapter 8. A plan on how to 
further develop and improve the simulation model is together with other 
discussions covered in Chapter 9. As a last part of the thesis, the final 
conclusions are brought out and discussed. 
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2 Theoretical base 
To get an understanding of the problem to be solved and the methods used to 
get to the end of the line, some basic theory concerning the area of study needs 
to be explained. The basis for this thesis is to a large extent radiation theory; 
however some physic theory regarding sensors will also be elaborated on. 

2.1 Radiation Theory 
In radiation theory, there are numerous sources of radiation. The most 
significant sources that affect the Earth and its atmosphere are illustrated in 
Figure 1. These are celestial, the Sun, the sky, ground-based objects 
(Zissis 1993, p. 194), and the Earth itself (Klein 1997, p.198), (Zissis 1993, 
chapter 3).  
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Figure 1 Different sources of radiation 

The celestial source consists of both cosmic and galactic radiation sources such 
as planets and stars. Cosmic radiation originates from the creation of the 
universe, whereas galactic radiation refers to radiation from the Milky Way 
galaxy (Klein 1997, p.198). These together make up the so called celestial 
radiation (Zissis 1993, chapter 3).  
 
Although the Sun is a star, its closeness to Earth usually makes it necessary for 
it to be handled separately. The part of the radiation from the Sun that is not 
affected by any atmospheric processes, and therefore has a direct effect on a 
material, is known as direct solar radiation (Pidwirny 2006). The direct solar 
radiation leaving the Sun will however, due to atmospheric interference, 
decrease in strength before reaching the Earth (Zissis 1993, p.151). 
 

3 
 

1 
 

2 
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Sky radiation consists of two parts. The first part is the radiation emitted by the 
atmosphere, and the second part is diffuse solar radiation (Zissis 1993, p.194). 
The latter part arises when solar radiation is scattered downwards in the 
atmosphere (Exell 2000). This is further discussed in Chapter 2.1.1. 
 
Ground-based objects include both artificial and natural sources of radiation. 
The amount of incident radiation from ground-based objects differs greatly from 
case to case. For example, a grass area located to an adjacent forest can be 
affected to a larger extent compared to a grass area with no forest or other 
objects present. 
 
When propagated through the atmosphere, radiation such as solar and celestial 
is attenuated. The radiation is affected by different phenomena such as 
absorption, scattering and turbulence. Due to the composition of the 
atmosphere, radiation is also attenuated differently at different wavelengths. The 
effects of atmospheric propagation are discussed in greater detail in Chapter 
2.1.1. (Holst 1995, p.271) 
 
The infrared detector detects incoming radiation from the target surface. 
Radiation leaving the surface propagates through the atmosphere before it 
reaches the detector. The atmosphere introduces scattering and absorption which 
weakens the radiation. There is also unwanted radiation scattered into the line of 
sight of the detector which affects the detected radiation. This interaction is 
known as path radiance and is described thoroughly in Chapter 2.1.1. 
(Holst 1995, p.271) 

2.1.1 Atmospheric Propagation 
When the inbound radiation from the Sun and other sources enters the 
atmosphere surrounding the Earth, some quite interesting interactions take place 
that ultimately changes the way the total radiation is perceived from a ground 
point-of-view. How this process takes place is dominantly decided by three 
major factors or properties of the atmosphere that the radiation moves through 
on its way down to the surface; the transmittance, the absorptance, and the 
reflectance (also known as scattering). These interactions are shown in Figure 3. 
When radiation is incident on an object the radiation leaving the object is, due to 
the law of conservation, distributed in relation to the above factors. 
(Holst 1995, p.42) 
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Figure 2 Atmospheric effects on solar radiation 

Absorption 
Some of the radiation that hits the molecules in the atmosphere is absorbed by 
the molecules themselves. How the absorption occurs is largely depending on 
what constituents are present in the atmosphere, and also the wavelength of the 
radiation. Different constituents absorb radiation differently well at different 
wavelengths. In the wavelength spectrum Middle Wave InfraRed (MWIR, 3 – 5 
µm) carbon dioxide (CO2) is the dominant absorber, while water vapor (H2O) is 
the atmospheric constituent most responsible for absorption in the Long Wave 
InfraRed spectrum (LWIR, 8 – 12 µm) (Holst 1995, p.274). The radiation or 
energy absorbed by the different particles is later emitted into the surroundings, 
thereby contributing to the path radiance (Holst 1995, p.273), further discussed 
later on in this chapter. The amount of radiation absorbed is relative to the 
absorptance factor of the atmosphere (Zissis 1993, p.23).  

Scattering 
The solar radiation scattered in the atmosphere creates a source of radiation 
which contributes notably to the target signature. This source is known as 
diffuse solar radiation. (Pidwirny 2006) 
 

1 

Solar radiance 

Transmitted solar 
radiance 

Scattered solar 
radiance 

Absorption 

Turbulence 
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The radiation scattered into the field of view of the sensor is a rather complex 
relation. It depends on the scattering coefficient of the gases and molecules in 
the atmospheres. There are two types of scattering to consider; the scattered 
radiation that is reflected off of the aerosols in the atmospheres, and the 
radiation reflected from the gases that make up the atmosphere. Aerosols are 
defined as dispersion of solid and liquid particles suspended in gas. This 
essentially means that aerosols are particles in the air (solid or liquid) that are 
not part of the natural gases in the atmosphere. Depending on the size of the 
particles of the different atmospheric constituents, the radiation is scattered at 
different wavelengths and with different proportion. The smaller the size of the 
particle, the shorter the wavelengths will be that is reflected or scattered. 
(Aerosol Science Education Center 2004) 
 
Which spectrum that is affected by reflection off of the different molecules, i.e. 
aerosols or original gases, is determined by the size and the surface properties of 
the molecule in question (Aerosol Science Education Center 2004). This is why 
the composition of the atmosphere is of interest when calculating the scattering 
therein. 

Transmission 
The total transmittance in the atmosphere is a complement to the two above 
described factors absorptance and scattering. The radiation that is neither 
scattered nor absorbed will inevitably be propagated through the atmosphere. 
The fraction of transmitted radiation is decided by the atmosphere’s 
transmittance factor. (Holst 1995, p.42) (Zissis 1993, p.27) 

Turbulence 
Turbulence is a very complex function and cannot easily be calculated 
accurately since the affecting factors are many, and small differences can have a 
huge impact on the outcome. It is often referred to as a “butterfly effect”. It is 
said that the flap of a butterfly’s wings in Brazil can set of a tornado in Texas, 
hence the name. Turbulence results from random fluctuations in the refractive 
index of the atmosphere (Holst 1995, p.314). The refractive index represents the 
slowing down of radiation in the medium in question, relative to the speed in 
vacuum (Encyclopædia Britannica 2006). These fluctuations, caused by random 
changes in air pressure and temperature, make the light arrive at different angles 
at the receiver (Holst 1995, p.314). 
 
Various conditions make the turbulence affect radiation to different extents. 
Factors that make the turbulence increase are for example; strong solar heating, 
very dry ground, clear nights with very light winds, and surface roughness. 
Examples of factors that on the other hand decrease the turbulence are; heavy 
overcast, wet surface with high humidity, high winds, and clear nights with no 
wind. (Holst 1998, p.314)  
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Path Radiance 
Besides radiation leaving the surface, there are yet two other sources of 
radiation that contributes to the signal reaching the sensor, thereby distorting the 
original signature of the source/target. The two are path radiance scattered into 
the radiation path and radiation emitted by the molecules in the atmosphere 
along the path. This is illustrated in Figure 3 below. (Holst 1995, p.335) 

 
 
Figure 3 Atmospheric influences on surface emitted radiation 

2.1.2 Surface Interactions 
A surface is hit with many types of radiation. The most important types are 
celestial, sky, solar and radiation from neighboring objects. Regardless of the 
source of radiation, when the radiation hits the surface, the surface is affected in 
different ways. The radiation is partly reflected and partly absorbed by the 
surface (Jensen 2006). The surface also interchanges heat with underlying layers 
of materials, resulting in an increase or decrease in the surface temperature, in 

3 

Scattering into 
radiance path 

Surface radiance 

Scattering out of 
radiance path 

Transmitted radiance 
attenuated by atmosphere 

Absorption & 
Emission 

Turbulence 



 
 

Chapter 2 – Theoretical base 
 
 
 
 

   
11 

 
 

turn affecting the surface’s emitted radiation (Short 2006). This interaction is 
shown in Figure 4. 

 
Figure 4 Surface interaction 

Absorption and Emission 
When radiation is incident on the surface, some of it is absorbed. The amount of 
the incident radiation that is absorbed is dependent on the absorptance factor of 
the surface material. The absorbed radiation contributes to the heating process 
of the surface material (Pidwirny 2006). 
 
The total amount of radiation leaving the surface is the sum of the self-emitted 
and the surface reflected radiation. The reflected radiation consists of celestial, 
solar, and sky radiation reflected by the surface, but also radiation from 
neighboring objects reflected by the surface (Klein 1997, p.200). The amount of 
self-emitted radiation leaving an object or surface is expressed by Max Planck’s 
blackbody radiation law from 1900, known as the Planck function. The Planck 
function is a function of two parameters; the wavelength or frequency, and the 
temperature (Zissis 1993, p.8), (Klein 1997, p.196). The temperature of a 
surface is a function of several parameters. These parameters include amongst 
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others; surface material, convection, and the amount of moisture on the surface 
(Zissis 1993, p.145).  
 
A blackbody is an object which absorbs all the incident radiation. That is, none 
of the incident radiation is reflected or transmitted. The blackbody also re-
radiates all the absorbed radiation. However, no real-world objects are perfect 
emitters and they do thereby not obey Planck’s blackbody radiation law. To 
account for this, an emissivity factor is introduced. This factor represents the 
actual amount of energy that is radiated from the material. (Klein 1997, p.197) 
 
According to Kirchhoff’s Law, the emittance of a material equals the 
absorptance, in the infrared spectrum, resulting in the saying that “good 
absorbers are good emitters” (Holst 1995, p.42).  
 
In order for Kirchhoff’s Law as well as Planck’s Law to be valid, local 
thermodynamic equilibrium (LTE) must be satisfied. LTE is a state where 
matter is not influenced by the magnitude of the incident radiation. This state is 
typically satisfied at atmospheric pressures higher than about 0.05 mb. (AMS 
Glossary) 

Reflection 
The reflected radiation is reflected back by the ground into the atmosphere. The 
fraction of the incident radiation that is reflected is determined by the 
reflectivity factor. The reflective properties of a material can be divided into two 
parts; specular reflectance and diffuse reflectance. The diffuse reflectance 
describes the radiation scattered from a surface in various directions. The 
specular reflectance describes a mirror-like reflection where the reflected 
radiation is the highest when the observing angle is opposite to the angle of the 
source. In turn, the amount of radiation from an incoming direction that is 
reflected into a specific direction is described by the Bidirectional Reflectance 
Distribution Function (BRDF). (Zissis 1993, p.26)  
 
The reflection process at a surface can be divided into two parts; surface 
reflection and bulk reflection. The surface reflectance refers to the part of the 
incoming radiation that is reflected at the surface without penetration. The 
portion of the radiation that transmits through the surface will, due to the 
inhomogeneity below the surface, be scattered randomly. Bulk reflectance refers 
to the part of radiation exiting the surface after being transmitted through the 
surface. (Zissis 1993, p.143) 
 
When radiation is incident on a rough surface, the surface reflected radiation 
will be scattered in all directions, however, more radiation will be scattered in 
the specular direction. The bulk reflected radiation will be scattered more evenly 
in all directions. (Zissis 1993, p.143) 
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Transmission 
Radiation that is neither absorbed nor reflected will be transmitted through the 
material. However, in most real-world materials, the transmittance factor equals 
zero. The ground is, by definition, an opaque surface. This entails that, in real-
world materials, the incoming radiation is either absorbed or reflected. 
(Jensen 2006), (Campana 1993, p.234), (Dereniak & Boreman 1996, p.74) 

Thermal Conduction 
When two objects are in contact with each other, and there is a difference in 
temperature between the two, heat is exchanged. This is a phenomenon known 
as thermal conduction. As illustrated in Figure 4 there are several layers of 
materials beneath the surface of the Earth. These interchange heat through 
conduction. Because of this, the temperature of the surface will be affected by 
heat transferring to or from the underlying layers. The thermal conductivity is a 
material property and varies significantly between materials. (Encyclopædia 
Britannica 2006) 

Convection 
Alongside conduction and radiation, the temperature of a surface is also affected 
by convection. Convection occurs when the surface exchange heat with the 
surrounding fluid, in this case air. When the air becomes warmer, the density 
becomes lower and the air rises. When the air rises, new cooler air will take its 
place and the process will start over again. (Rogatto 1993, p.366) 

2.2 Infrared Imaging Systems 
There are different types of infrared imaging systems. However, three groups 
can be identified; single detector scanning systems, line scanning systems, and 
staring array systems (Klein 1997, p.244), (Holst 1998, p.30). These systems 
can in turn be comprised of different types of detector elements based on their 
material properties. The choice of materials that compose the detectors makes 
the various systems operate differently well under different circumstances; some 
need a cooled environment, while others operate at room temperature (Holst 
1998, p.28). Another property of the system determined by the choice of 
detector materials is the sensitivity wavelength band (Klein 1997, p.39).  
 
The areas of usage for infrared imaging systems are many, but can today be 
divided into two broad categories; military and commercial usage (Holst 1995, 
p.8). The systems are often alike but can differ on features due to their 
respective design requirements (Holst 1998, p.4), (Holst 1995, p.9). The system 
further studied in this thesis is a forward-looking infrared system and belongs to 
the military application category.  
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2.2.1 Forward-Looking Infrared (FLIR) Systems 
The forward-looking infrared (FLIR) system is a type of infrared sensor that 
uses multiple detector arrays with rather small instantaneous field-of-view 
(IFOV), the IFOV being the field-of-view for a single detector element 
(Campana 1993, p.115). It provides a high-resolution real-time image of an area 
of interest, usually projected on a screen. (Klein 1997, p.241)  
 
A FLIR can be either of the line scanning or the staring array type. In the line 
scanning case, an array of detector elements sweeps over the area of interest, 
thus creating an image of the scene. Another way is to use a staring array 
system, where the image is generated from a matrix of detector elements. (Klein 
1997, p.244) 

How a FLIR System Works 
Although a FLIR system is either a line scanning or a staring array imaging 
system, they all comply with the same basic sensor operation model, seen in 
Figure 5 below. This makes it possible to briefly describe the functions of each 
individual subsystem in the model without making any significant distinction 
between line scanning and staring array FLIRs on this level. (Holst 1998, p.1) 
 

 
Figure 5 Generic sensor operation – applies to all electronic imaging systems (Holst 1998) 

As stated above, both line scanning and staring array systems are comprised of 
different subsystems. Each subsystem can add noise of various natures to the 
original image, since they process the signal information differently from each 
other. Five major subsystems can be identified in the part called infrared sensor 
in Figure 5; optics and scanner, detector and detector electronics, digitization, 
image processing, and image reconstruction. (Holst 1998, p.42) 

Optical System 
The optics is the first part of the infrared imaging system. The optics projects 
the infrared radiation onto the detector elements. In the case of a line scanning 
system, the optics sweeps the field-of-view and sequentially projects the signal 
on a single array of detectors, thereby generating a complete image of the scene. 
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When dealing with a staring array, there is no scanner, the output is instead 
provided by adjacent detectors in a matrix like pattern. (Holst 1998, p.29)  

Detector 
The detector elements create a representation of the scene by outputting a 
voltage proportional to the intensity of the infrared radiation in the 
field-of-view. For a line scanning system, one detector element represents the 
intensity of one corresponding line in the total field-of-view. In the case of a 
staring array system local output variations amongst the detectors provide the 
scene. The output is digitized and interpreted by the subsequent subsystems. 
(Holst 1995, p.16) 
 
The sensor response depends for most sensors on the temperature at the detector 
focal plane. The sensor response is defined as that which “…quantifies the 
amount of output seen per watt of radiant optical power input.” 
(Dereniak & Boreman 1996, p.200). There is also a spectral aspect of a sensor’s 
response. Spectral responsivity is defined as follows: “Spectral responsivity is 
the output-signal (current or voltage) response to monochromatic radiation 
incident on the detector, modulated at a frequency (f).” 
(Dereniak & Boreman 1996, p.201). Monochromatic radiation means that the 
radiation is considered only one wavelength at a time. 

Digitization 
Each detector has its own amplifier and the amplified signal is later digitized. 
The signal from the detectors is sampled and digitized by this subsystem to 
become easier to alter and process later on. Infrared imaging systems rely a 
great deal on software for e.g. gain/level normalization and image enhancement. 
(Holst 1995, p.16) 

Image Processing 
Image processing is used to alter the image or signal according to a predefined 
pattern. As Holst (1998, p.52) states: “Image processing can be used to enhance 
images, suppress noise, and put image data into a format consistent with 
monitor requirements.”  The feature to control the polarization of the image is 
also controlled in the image processing block of the system. Another function is 
to control the gain of the individual detectors. Since each detector element has 
its own gain/level through the individual amplifiers, the levels need to be 
altered, calibrated, to make the image recognizable. Other functions of the 
image processing unit are for example gamma correction and image formatting. 
(Holst 1998) 
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Image Reconstruction 
The image reconstruction subsystem is responsible for the digital to analog 
conversion after all the processing is done. Since the processing is done on a 
digital level the signal is sampled when reaching this subsystem. When 
converting the signal, a step-like analog signal is received. The reconstruction 
system filters and smoothes out the signal and presents an output video signal 
feasible for the monitor in question. (Holst 1998, p.60) 
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3 Mathematical Model 
In this chapter, the mathematical model used in the simulation will be presented. 
This is a continuation of the theoretical base of the thesis, covering 
mathematical relations and formulas concerning infrared radiation and sensor 
properties. First the mathematics of radiation will be discussed. The pictures in 
Chapter 2 will be used as a starting point and the mathematical formulas of the 
interactions will be presented. Lastly a similar discussion regarding the sensor 
will follow. 

3.1 Physical Radiation Model 
In Figure 1, different sources of radiation are shown. Those are celestial, the 
Sun, the sky, ground-based objects, and the Earth. The celestial and sky 
radiation sources can, according to Klein (2006, p.201), be seen as one source 
and will hither forth be denoted with the subscript index sky. The Sun and the 
Earth will have the subscript indexes sun and earth. Finally, the radiation 
sources from neighboring ground-based objects will have the subscript index 
neig. Furthermore, in order to be able to use Kirchhoff’s law of thermal 
radiation, and Planck’s law of blackbody radiation, local thermal equilibrium 
(LTE) is assumed. 
 
All the incoming radiation is, as described in Chapter 2.1.1, affected by 
phenomena taking place in the atmosphere before reaching the target surface. In 
order to be able to calculate the amount of incident radiation on a target, 
calculations need to be made with these phenomena in mind. The solar radiance 
is, as described in Chapter 2.1, composed of direct sunlight propagated through 
the atmosphere. The sky radiance is, as also described in Chapter 2.1 made up 
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of diffuse sunlight scattered towards the object, and radiation emitted by the 
atmosphere itself.  
 
All the radiation aiming for the target is decreased by atmospheric effects. The 
total reduction along the line-of-sight is known as extinction. The extinction 
factor in turn includes and solely depends on the absorption and scattering 
phenomena already described in Chapter 2.1.1. The extinction factor �  is 
determined by adding the scattering component �  and the absorptive component 
k, resulting in 

)()()( λλσλγ k+= . (Holst 1995, p.272) 
 
The amount of the radiation that propagates through the atmosphere is 
determined by the transmittance factor of the atmosphere between the source 
and the target. The transmittance ( � ) is inversely proportional to the path length 
(R) and the extinction factor, through the relation 

R
atm e )()( λγλτ −= . (Holst 1995, p.271) 

 
The differently originating radiation, all affected by the above atmospheric 
effects, in the end contribute to the incident radiation at the target. For 
simplicity, the incident radiation will be merged into one entity. The detected 
irradiance (E) at the target surface can therefore be described as 

neigskysolartotal EEEE ++= . 

The size of these contributing components that make up the total irradiance can 
be obtained from computer programs such as MODTRAN. This data generating 
software will be further presented in Chapter 5.4.2. 
 
As described in Chapter 2.1.2, radiation incident on a surface will be 
transmitted, absorbed or reflected. The transmittance will be denoted � , the 
absorptance � , and the reflectance � . However, as stated previously, the 
transmittance of most real-world materials equals zero. This simplification will 
be used and is expressed as 

0=surfτ , 

where surf is the specific subscript index for the target surface. This, together 
with the law of energy conservation described by Holst (1995, p.42), 

1=++ ρατ , 
leads to the following general relation for non-atmospheric substances: 

1=+ ρα . 
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The above expression implicates that the incident radiation is either absorbed or 
reflected.  
 
As explained in Chapter 2.1.2, the surface also emits radiation on its own. This 
is expressed by Planck’s blackbody radiation law: 
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As also mentioned in Chapter 2.1.2, an emittance accounting for the materials 
being non-ideal is introduced. The emittance of a material describes how well 
the material emits radiation compared to a blackbody radiation source with the 
same temperature as the material. This factor is denoted � . The assumption that 
local thermal equilibrium is in effect makes Kirchhoff’s Law valid 

αε = .  
This, together with 1=+ ρα described above leads to the relation 

1=+ ρε . 
 
The radiation leaving the surface is the sum of the self-emitted radiation, the 
exitance, and the total radiation reflected by the surface. The reflected radiation 
includes contribution from both specular and diffuse reflection, resulting in the 
merged formula 

)(M)()T,(M)()(M totalsurfsurfbbsurfsurf λλρ+λλε=λ . 

 
Before the radiance leaving the surface is detected by the sensor, it is attenuated 
by the atmosphere. The atmosphere also introduces path radiance as a source of 
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distortion. With this in consideration, the radiance appearing to originate from 
the surface can be written 

)(L)(L)()(L pathsurfatmdet λ+λλτ=λ , 

where Ldet(� ) is the detected radiance, � atm (� )  is the atmospheric transmittance, 
and Lpath(� ) is the path radiance. Lsurf (� ) is in this case the radiance from the 
target surface, which is not to be confused with Msurf (� ) in the equation above. 
Lsurf (� ) originates from the object but is only a fraction of Msurf (� ). This is due 
to the fact that Msurf(� ) is the total exitance from the surface of the object in 
question, while Lsurf (� ) is the radiance in the direction of one solid angle (Zissis 
1993, p.28). How is it then decided how much of the radiation that is emitted in 
a specific direction, i.e. how big is Lsurf(� )? This is strongly material and also 
angular dependent. As stated earlier, the model assumes local thermal 
equilibrium and another assumption is that the materials in questions are 
lambertian or isotropic emitters. This first of all means that the self-emitted 
radiance from a body is independent of angle and equal to  

π= /ML surfsurf  (Zissis 1993, p.9). 
Second of all, it also implies that the incident radiation being reflected diffusely 
is also reflected with the same properties as for the emittance, i.e. independent 
of the viewing angle of the observer. The incoming angle of the reflected 
radiation is however of interest, since this decides how much of the incident 
radiation that is actually reflected by the surface. This is governed by The 
Cosine Law of Illumination, also known as Lambert’s Cosine Law. The law 
states that the effective area of the illuminated surface is proportionally reduced 
to the cosine of the angle between the incident ray and the surface normal 
(Constant 2006). This ultimately affects Mtotal(� )  in the formula above.  
 
Once Ldet(� )  is calculated at the sensor, the effects of the sensor and how the 
sensor interprets and manipulates the signals can be understood. 

3.2 Sensor Model 
When the radiation has been propagated through the atmosphere, it reaches the 
sensor. The sensor introduces additional factors that need to be taken into 
account in order to express the final detected radiance. These factors are; 
spectral sensor response, optical transmission, internal noise, and active 
wavelength span. By combining these factors with previous formulas, the final 
detected radiance can be written as 

λλ+λτλλ= � λ
λ

d))(L)(·)(L)((RL noiseoptdetfinal
2

1

. 

In the formula, Lfinal is the final detected radiance, τopt(� ) is the optical 
transmission, Lnoise(� ) is the internal noise of the sensor, and R(� ) is the sensor 
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response. The integral in the formula represents the active wavelength span of 
the sensor. 
 
The responsivity of a generic sensor is described by,  

peak
peak

R)(R
λ

λ=λ , 

where � peak is the wavelength for which the sensor has the highest response, and 
Rpeak is the corresponding response (p.82 Holst, 1998). 





 
 

Chapter 4 – Existing Model 
 
 
 
 

   
23 

 
 

4 Existing Model 
The existing simulation model and implementation of the Forward-Looking 
Infrared (FLIR) camera, is based on a static solution with the environment 
described below as a starting point. 

4.1 Environment 
The model has its foundation in two of the generic software applications used 
for the Gripen aircraft and its support systems; the Digital Map Generating 
System (DMGS), and the Saab Image Generator – Graphical Environment 
(GRAPE). 

4.1.1 Digital Map Generating System (DMGS) 
The Digital Map Generating System (DMGS) is used to provide reliable 
geographical data to the Gripen aircraft and its support systems; the Mission 
Support System (MSS) and the Gripen Training System (GTS). 
 
DMGS imports source data through different import modules. The imported data 
can be vector, grid, raster, and table based. The data is typically attained from 
official, verified databases such as the Swedish Lantmäteriet. 
 
The imported data is stored and managed in Oracle databases in order to be 
easily accessible and possible to export in different formats depending on in 
which application the data is required. It is separate export modules that perform 
the actual generation of the different geographical databases, and convert the 
data into the desired format, suitable for the target system.  
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4.1.2 Saab ImageGenerator – Graphical Environment (GRAPE) 
The Saab Image Generator, GRAPE, generates state of the art 3D graphics in 
real-time. This visualization software can be used with any simulator system, 
and has support for a wide range of possible display hardware. The software can 
be run on either an SGI or a PC platform. GRAPE creates 3D graphics from the 
accompanying databases; consisting of terrain databases generated in DMGS, 
and a database containing 3D objects. The software is suited for any kind of 
outdoor simulation, ranging from ground vehicle simulation to rapid 
out-the-window simulation for pilot training.  
 
The terrain databases used are, as stated earlier, generated by DMGS. GRAPE is 
optimized to work together with the formats and standards of DMGS. This to 
achieve the possibility to handle large amounts of data, needed in order to cover 
big areas of land, for example entire countries. To enhance simulation quality, 
aerial and/or satellite imagery of the scene is introduced, and draped over the 
terrain data attained from the DMGS databases. 
 
3D objects desired in the scene can be loaded in real-time; these are created 
from the 3D database and visualized by GRAPE. The 3D models can be 
anything from houses, critter, and trees to targets or other objects controlled by 
other players in the scenario. 
 
Various effects in the scene are also available, such as lights, shadows, damaged 
states of objects, articulated surfaces and more. Several environmental features 
are also supported to make the scene more realistic. Among them are weather 
conditions such as fog and cloud layers, as well as the possibility to set the time 
of day with the result in a correctly positioned Sun.  
 
Other features in GRAPE are the possibilities to; enter different sensor views, 
such as Forward-Looking Infrared or Night Vision Goggles; and to switch 
camera view between, for example pilot, outside and tracking view. It is also 
possible to generate Head-Up-Display imagery in the scene. Support to get 
height above the terrain and line of sight is also present.  

4.2 Simulation Process 
The current model uses pre-generated textures to represent the infrared 
environment. These textures are generated for specific scenarios, resulting in a 
very static solution. Once the parameters and environmental settings have been 
identified, they are used as input by a stand-alone application, which generates 
the textures later used by GRAPE to visualize the infrared environment. GRAPE 
uses the same geometric representation of the physical environment as the 
visual out-the-window simulation does. Infrared textures are thereafter applied 



 
 

Chapter 4 – Existing Model 
 
 
 
 

   
25 

 
 

to the geometrics in the same manner as for the visual case, resulting in a 
simulation of the infrared environment for a predefined scenario. 
 
When the current model was implemented, DMGS was not a part of the 
environment used for infrared simulation. Due to this fact, a stand-alone 
application was implemented to generate the textures needed for the simulation. 
When DMGS was introduced as a tool in the simulation environment, it was 
planned that the functionality of the stand-alone application should eventually 
be integrated to be a part of it. This has hitherto never been done. In the current 
model, DMGS is used to create the terrain loaded by GRAPE. The simulation 
environment of the current model is shown in Figure 6 below. 

 
Figure 6 Integration of the existing model 

The stand-alone applications serve several purposes. One stand-alone 
application handles the texture generation. The application uses atmospheric, 
material, and sensor data to create the textures. All the atmospheric and material 
specific data used in the stand-alone applications was received from Saab 
Dynamics as a part of MSI39, the project in which the existing model was 
developed. Another application is responsible of calculating extinction 
coefficients used in atmospheric transmission calculations. Both the textures and 
extinction coefficients are together with other atmospheric data used as input to 
GRAPE. GRAPE uses the textures as a starting point and performs atmospheric 
calculations to get the influence of the atmosphere. In the atmospheric 
calculations, the extinction coefficients are used to calculate the atmospheric 
transmission.  
 
Water is handled separately from other materials in the simulation; it is the only 
material said to have angle dependant reflections. To be able to distinguish 
water from other materials in GRAPE, water areas are left transparent in the 
texture generation process. In order for the water reflections to be dynamic, 
water is represented by a polygon layer beneath the actual terrain. During the 
simulation, new radiance values for the water are calculated, and the color of the 
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polygon is changed to match these values. The same procedure is applied when 
including the sky in the simulation. For the sky calculations, sky radiance values 
are used. When the effects of path radiance are introduced in GRAPE, no respect 
is taken to the range dependency of the parameter. Instead, uniform path 
radiance is applied for the whole scene. 

4.3 Limitations and Drawbacks 
The current model suffers from some limitations and drawbacks. First of all, no 
parameters are able to be changed dynamically during a running simulation. All 
parameters including time of day, day of year, and weather conditions are static, 
and have to be changed in an offline state. If there is a wish to change one or 
more parameters, the textures used in the simulation has to be regenerated.  
 
Since DMGS was not available as a texture generation tool when the infrared 
part of the MSI39 project was implemented, the texture generation process was 
implemented in a stand-alone application. Today, this is seen as an 
inconvenience and is highly undesirable, since it contributes to a more complex 
simulation environment. 
 
Not all parts of the infrared simulation are handled uniformly. In the terrain, 
water is due to reflections handled separately from other materials. The sky is 
handled in a similar manner which differs from the terrain simulation. Targets 
are treated much like the terrain, where the texture is generated using static 
parameters not changeable in runtime. By treating different parts of the 
simulated scene differently, the model becomes unnecessarily complicated. 
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5 Simplified Model 
In order to move from a totally physically correct model to a feasible program 
implementation, some simplifications were required to be made. These 
simplifications were made with the initial requirements and the effects of the 
simplifications in mind.  
 
The purpose of the implementation was to create a feasible training environment 
for pilots to conduct their schooling in. This puts a few demands on the system 
with regards to environmental correctness, performance, and usability. These 
aspects were all taken into consideration and a simplified model was created to 
meet the demands. 

5.1 Requirements 
The specific requirements for the model are gathered from the fact that the 
result is supposed to serve a training purpose. That is, the result is supposed to 
be good enough for the pilots to be able to use it without being disturbed by the 
incorrectness. The overall requirements can, together with basic system 
requirements, be broken down into sub-requirements. 

5.1.1 General Requirements 
The following general requirements have been identified to be of importance for 
the development of the model.  

Foundation in Physics 
Among the first implementations of a FLIR simulation in the simulator, was a 
stylized version of a black-and-white representation of the scene which served 
as the FLIR image presented to the user. After a while it was decided that a 
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more sophisticated solution was needed. This made way for a new project, 
which sought to establish a FLIR simulation solution with its foundation in 
physics. The result was, as mentioned before, a rather static solution. It did 
however have the advantage of being “physically correct”. This feature was kept 
as one of the requirements for future improvements of the FLIR simulation. 
Therefore, when deciding upon making a new more flexible and dynamic 
solution, it was not desired to deviate from this requirement, but rather enhance 
the physical correctness of the model. 

Documentation 
Even though the documentation does not have a direct impact on the 
simplifications in the model, it still serves several purposes. 
 
An overall requirement is a well documented solution. The proposed solution is 
only a feasibility study, and if successful the work concerning the solution will 
likely continue to develop. A well documented procedure and solution is in this 
case an indispensable aid.  
 
Another important aspect is the possibility to record the exact simplifications 
made in order to further improve and analyze the model. As conditions change 
over time, certain simplifications might not be necessary in the future. 

Evaluation 
Another overall requirement is that the solution should be evaluated. An 
expressed wish was that the solution could be shown to rely on a physically 
correct theoretical base, in order to increase the depth and value of the solution. 
The evaluation of the system is also important in order to examine whether the 
simplifications made to the model have been successful or if they have 
neglected or approximated parts of the physical model to a too large extent. In 
the end, evaluating the training value of the model is requested. 

5.1.2 Usability Requirements 
The following usability requirements have been identified to be of importance 
for the development of the model.  

Dynamically Changeable Attributes 
One expressed wish with the new system is for it to be more dynamic than the 
current solution. The new system is supposed to be dynamic in the sense that 
there are parameters which are desired to be able to be altered in real-time, i.e. 
during the running of the simulation. As stated earlier, when a parameter is 
changed in the current system, the entire database with textures has to be 
regenerated. This makes it rather difficult to switch between, for example, 
different weather conditions. The attributes requested to be dynamically 
changeable are 
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• Time of Day 
• Day of Year 
• Seasons 
• Climate/Weather conditions 

o Fog/haze 
o Rain 
o Sun 
o Clouds 

Expandability 
The solution is supposed to be of a general nature, thus making it possible to 
expand with complementing data subsequently. Since the system is supposed to 
be used for training purposes, the area over which the schooling is to be 
performed might vary. Because of this it is almost impossible to supply a 
complete list of possible terrains and targets that might come to be of interest. 
This creates the need to be able to add materials and material properties after the 
implementation is completed. This implies that the solution, and the 
implementation thereof, must be of such a general nature that future expansion 
is possible. 

5.1.3 System Requirements 
The following system requirements have been identified to be of importance for 
the development of the model.  

Resolution 
The resolution of the system might be the easiest requirement to identify and 
follow up by testing and validation. The resolution of display that shows the 
FLIR image in the Gripen Airplane is set to 640x480 pixels, which is why this 
resolution is chosen in the implementation of the system. (RAFAEL, 2006) 

Platform Architecture 
There was an initial subtle request to make the implementation of the system 
able to be run on both PC and SGI platforms. However, this was not one of the 
major requirements since the industry tends to be moving towards PC solutions. 

Performance 
The system is, as stated earlier, supposed to be used in pilot training purposes. 
This means that the system must perform in real-time, i.e. there must be a good 
flow in the visual representation as the system presents the FLIR image to the 
user. This is usually considered to be 30 frames per second. However, since this 
is a feasibility study of the model itself, not the final product, a system 
performing at about 5 frames per second is considered to be enough to illustrate 
the benefits and drawbacks of the chosen solution. A plan as how to increase the 
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performance to the desired level of real-time performance in 30 Hz is however 
of interest for the feasibility study in order to decide whether or not to further 
develop the solution. 

Integration with Current Environment 
Today there is, as stated earlier, a solution that relies on DMGS and GRAPE, but 
still needs a stand-alone application in order to run. One requirement was to 
make sure that the chosen solution was integrated in DMGS or GRAPE, or both 
for that matter. This was necessary in order to get rid of the extra interfaces and 
to build a simpler environment for the FLIR visualization. Once the simulator is 
started, there shall be no plug-ins; all functionality should be available through 
the chosen solution implemented in GRAPE. 

5.2 Possible Limitations 
During the thesis procedure, certain limitations set out boundaries for the work. 
These limitations were of different nature, but all resulted in that some areas of 
work were negatively affected. 

Platform Architecture 
The choice of platform also introduces limitations. Some affect SGI more than 
PC; and some the other way around. SGI computers generally have lower CPU 
performance than PCs, resulting in the CPU as a bigger limiter to account for on 
an SGI platform. SGIs on the other hand often have a better support for reading 
data back from the texture memory on the graphics card. Another thing that 
differs is for example support for anti-aliasing, which historically has been 
better on SGI computers. However, the development of new technologies drive 
PCs towards becoming better and better regarding this issue. 

CPU Performance 
The work is inevitably limited by the CPU performance of the computers that 
are to perform the simulation. This is considered to be a limitation since a 
critical factor is how fast the calculations required by the model can be 
executed.  

Memory 
Memory availability is also a concern in the search for a solution; both when it 
comes to storage of the databases and actual working memory when performing 
the calculations during the simulation.  
 
The data used during the infrared simulation must be stored in databases of 
some kind. The physical aspect of how much data is convenient to store could 
be a limit, which is why this problem should be considered during development. 
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This is especially interesting when the databases grow in geographical size, for 
example if a database over a whole country is to be created. 
 
Another possible limit is the amount of internal memory of the computer. When 
the program is started, the data needed on the fly will be read into this memory. 
If there is too much data needed at the same time, the computer might run out of 
memory. 

Graphic Card Performance 
Depending on the solution and how the solution is implemented in the existing 
systems, the graphic card may or may not be a limiting factor. From the 
perspective of this thesis the interesting factors of the graphics card are; the 
architecture of the graphics card, the speed of the GPU, and which instructions 
that can be carried out. 

Access to Information Concerning the Sensor – the POD 
The information needed concerning the sensor comes to a great extent from the 
company that manufactures the sensor – Rafael. This could make it quite hard to 
gather product specific information on such an advanced level that is needed to 
make a correct simulation. 

Availability of Good Data 
On this short notice, material data was only available from; the data used in the 
MSI39 project, which is considered to be correct; data available for free on the 
Internet and in books; and new generated data from MODTRAN, described in 
Chapter 5.4.2. 

Time Limit 
The thesis has a limited time span, which inevitably affects all parts of the 
thesis. This initially limits the literature study part needed to get a physically 
correct model. Furthermore, it also affects the time able to be spent on meeting 
the requirements, which might affect the extent of the solution. 

Knowledge 
Following the time limit, knowledge naturally becomes a limitation. The 
understanding of the area of study was basic as the work with the thesis started. 
Together with the time limit, knowledge limitation is bound to create a delicate 
walk to find the optimal balance between information gathering – attaining 
knowledge; and actually producing results – coming up with a solution.  

5.3 Simplifications 
To meet the requirements, and in order for the model to be reasonable to handle 
from a calculation complexity perspective, some simplifications of the 
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mathematical model had to be made. The simplifications were either neglected 
parts or approximations. 

5.3.1 Neglected Parts 
Some parts of the physical and mathematical models are for different reasons at 
this point not reasonable to include in the model to be implemented. Some parts 
are considered to be too complex to include in the calculations, and for other 
parts, necessary information is missing.  

Neighboring Objects 
When focusing on an arbitrary surface, there are in many cases neighboring 
objects influencing the surface in different ways. The influence is very hard to 
predict and is highly dependant on the nature of the neighboring objects. An 
object influencing a surface is in turn itself influenced by its neighboring 
objects. These inter-object influences form an infinite chain of interactions, and 
it would be rather difficult to model this correlation at the same time as 
managing to meet the performance requirement. Including these objects in the 
calculations would be very costly. Due to these predicted influences, the effect 
of neighboring objects is neglected in the simulation, thus making Eneig=0. 

Sensor Noise 
In addition to the radiance reaching the sensor from the scene, the effects of 
sensor noise is present. Sensor noise originates from the sensor itself and is a 
source of distortion in the detected radiance. Sensor noise is system dependant, 
and efforts towards finding information about it have been made. The needed 
information has however not been found, and instead of improvising the sensor 
noise, it was decided to be neglected. 

Turbulence 
When radiation passes through the atmosphere it is affected by turbulence. 
Turbulence is a very stochastic and complex phenomenon, and it is determined 
by several parameters including weather conditions and surface characteristics. 
The nature of turbulence makes it hard to model accurately, and due to its 
complexity, the choice to leave it out of the model was made. 

Moon 
In the celestial radiation source described in Chapter 2.1, the Moon is included. 
Furthermore, a choice of merging the celestial source with the sky was done. By 
doing this, the direct influence of the Moon is lost, but this was considered to be 
a reasonable loss. 

5.3.2 Approximations 
In order for the model to be less complex from a computational perspective, a 
number of approximations were introduced. 
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Emissivity 
The emissivity factor of a material is determined by the wavelength of the 
radiation. However, the model takes advantage of the gray body assumption, 
stating that emissivity is constant through the entire wavelength spectrum. Other 
parameters affecting the emissivity are not taken into consideration, including 
the angle dependency. 

Atmospheric Transmission 
When radiation is propagated through the atmosphere, it is affected by 
atmospheric transmission. The atmospheric transmission is in reality 
wavelength dependent, but in this model, an average transmission is calculated 
and used for the entire wavelength span of interest. 

Reflection 
The reflection model used in this study is an approximation of real-world 
reflection. To fully describe the reflection phenomenon, one should make use of 
the BRDF function. Instead, the reflection is divided into diffuse and specular 
reflection. 

Riemann Sums 
When the model is implemented, it is not computationally feasible to perform 
the integrations numerically. Therefore, Riemann sums are used to approximate 
integrals.  

Modeled Data 
The data used during the simulation is modeled and sampled for discrete sample 
points. By using modeled data instead of measured data, a deviation from reality 
is introduced. When used in calculations, interpolation is used in order to 
retrieve data for non-discrete points. 

Ideal Circumstances 
The data used in the simulation is modeled for a set of standardized parameters, 
resulting in ideal circumstances. Such ideal circumstances never occur in reality 
and should therefore be seen as an approximation. 

Optical Transmission 
By disregarding the effects of sensor noise, the optical transmission merely 
becomes a scaling factor on the incoming radiance. Since the scaling factor will 
affect all of the incoming radiance in the same way, there is no need to include 
it in the calculations. 

Local Thermal Equilibrium 
In order to be able to use Kirchhoff’s law of thermal radiation, and Planck’s law 
of blackbody radiation in the mathematical model, local thermal equilibrium 
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was assumed. Local thermal equilibrium is not always present in the real world 
but the assumption was necessary for the progress of the study. 
 
Even though thermal equilibrium is said to exist, the effects of convection and 
conduction are not totally ignored. These terms are most certainly a significant 
part of the heating process, thereby contributing to the state of the system by 
affecting the temperature of the scrutinized surface. The temperature data used 
in the simulation was modeled in the MSI39 project. The temperatures are 
modeled using equations that take these two factors into account, and they will 
thereby indirectly be a part of the final system, though not in the same complete 
way as they act in reality. 

5.4 Required Data 
In order to perform all the calculations required by the model, data of different 
kind is needed. Three data types have been identified; material specific data, 
atmospheric data, and sensor data. 

5.4.1 Material Specific Data 
The process of simulating the radiance detected by the sensor involves 
calculations dependant on materials characteristics. To successfully carry out 
the calculations, material specific data is needed. Listed below are the material 
specific parameters identified to be needed during the simulation. 

• Temperature curves 
• Emissivity factor 
• Reflectivity factor 
• Specular reflectivity factor 
• Diffuse reflectivity factor 
• Clutter factor 

 
In the MSI39 project, data was generated and collected for temperature curves, 
emissivity factor, reflectivity factor, and clutter factor. This data will be used as 
a part of this study. The temperature curves are needed in order to calculate the 
blackbody radiance emitted by the surface materials. The factors concerning 
emissivity and reflectivity are used in accordance to the mathematical model 
described in Chapter 3. The clutter factor will be used in the process of 
introducing temperature deviation in otherwise temperature homogenous 
geographical areas. 
 
Data concerning the specular and diffuse reflectivity factors cannot be retrieved 
from the MSI39 project since these factors were not used. Although a search to 
acquire this data has been conducted, none have been found for the materials 
used in this study. 
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5.4.2 Atmospheric Data 
The effect of the atmosphere is an important part of the simulation. To be able 
to fully implement the mathematical model, the atmospheric data presented 
below is needed. 

• Atmospheric transmission 
• Path radiance 
• Direct solar radiance 
• Sky radiance 

 
Atmospheric transmission and path radiance will be needed in order to include 
the influence the atmosphere has on the radiation leaving the surface. The direct 
solar radiance and the sky radiance will be used in the process of calculating 
reflected radiation. 
 
Not only is this data needed, in order to comply with the requirements the data 
also needs to be available for several seasons and weather conditions. In the 
MSI39 project, MODTRAN was used as a tool to generate atmospheric data. 
MODTRAN is a computer model able to produce data for a variety of different 
atmospheres using several user changeable parameters. MODTRAN is capable of 
producing all of the above mentioned data for several weather conditions and 
seasons. Additionally, if wanted, there are numerous parameters, such as wind 
and rain, which can be included in this data generation process. Furthermore, 
MODTRAN has been verified and validated both against measurements and 
other computer models (The Air Force Research Laboratory). By using 
MODTRAN as the tool to generate atmospheric data for the simulation, all the 
necessary data can be acquired.  

5.4.3 Sensor Data 
When simulating the sensor, there are several parameters to take into 
consideration. The parameters of interest have been identified and are listed 
below. 

• Resolution 
• Spectral response 
• Wavelength span 
• Field of view 
• Noise levels 
• Refresh rate 
• Automatic gain control 

 
A lot of information concerning the sensor is confidential, and as a result, it is 
hard to find sufficient information to accurately calculate the influence of all the 
above listed parameters. The parameters for which no data has been found are 
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noise levels and automatic gain control (AGC). The lack of information has 
resulted in the absence of sensor noise in the simulation. The AGC is a part of 
the signal processing in the sensor. It is responsible for enhancing contrasts and 
automatically adjusting the levels of the incoming signal, in this case the 
detected radiance. As stated, no information concerning the AGC has been 
found, but it is not possible to entirely neglect the AGC when performing the 
simulation. Therefore a makeshift solution of the AGC will be used. 
 
The resolution of the FLIR display has been found and is 640x480 pixels. The 
sensor is active in the MWIR band and the spectral response used in the MSI39 
project will also be used throughout this study. It is defined between 3.6 – 4.9 
µm. There are three different FOVs available for the sensor; narrow with a FOV 
of 0.77x0.77; wide with a FOV of 2.8x2.8; and HUD with a FOV of 18.4x24.1. 
The refresh rate of the sensor is 30 Hz (RAFAEL, 2006). 
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6 At the Crossroads 
Before the work of implementing the simplified model began, two different 
alternatives for acquiring information about the scene to be simulated was 
considered; screenshot and ray tracing. The screenshot technique is developed 
as a part of the work in this thesis. The ray tracing technique is a well known 
technique used in different areas, including infrared simulation. These two 
techniques are explained in further detail below. 

6.1 Ray Tracing 
Ray tracing is often used in computer graphics and simulation environments in 
order to create realistic results. When performing a ray trace, at least one ray per 
pixel is sent into the scene (Owen 1999). Ray tracing can be used to gather 
information about the scene. When a ray hits a surface in the scene, the polygon 
in question is examined in order to determine its properties. The properties can 
be of various natures, including material type, bound textures, and normal 
vectors. Each ray can also provide information regarding distance and 
corresponding position in bound textures. When the necessary information has 
been retrieved, the process of acquiring material properties, performing 
calculations, and presenting the final image takes place.  
 
The most obvious benefit of the ray tracing technique is its relation to real-
world behavior of radiation. Radiation can be seen as rays interacting with the 
surroundings. This makes ray tracing suitable for radiation calculations, 
especially those concerning reflections. When a ray hits a surface, it can be 
allowed to be reflected and thereby continue to traverse the scene in order to 
gather information. 
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One disadvantage with using the ray tracing technique for an information 
gathering purpose is that it would most likely require the landscape to use an 
increased number of polygons. The reason for this is that the material properties 
of a polygon will be valid for and affect the entire polygon, resulting in the need 
to further dissect polygons in the geometry. Another drawback is indications 
from experienced 3D graphics programmers that even a single ray trace require 
a lot of calculations, since the ray needs to traverse through large portions of the 
data tree representing the scene. 

6.2 Screenshot 
The screenshot technique is based on a theory developed to benefit from the 
generic functions in GRAPE and DMGS. The overall idea is based on a 
screenshot being generated and reinterpreted in GRAPE for each frame of the 
infrared simulation. The screenshot to be interpreted is generated by GRAPE, 
based on textural and geometrical data provided by DMGS. This line of events is 
in accordance with the standard procedure of the visual simulation. Each pixel 
of the screenshot is designed to be composed of information regarding material 
type and intra-material deviations, and also relate to geometrical information. 
 
After retrieving the necessary information representing each pixel, the 
calculations making way for the final infrared image take place. The results of 
the calculations are to be interpreted and reorganized in such a manner that a 
gray-scale image representing the infrared scene can be presented to the user. 
 
The advantages of the screenshot technique are many. The technique would 
make use of already existing functions in GRAPE and DMGS, which would 
speed up the work process, as well as make integration easier. The way in which 
information is retrieved is also considered quite simple, since no major changes 
or extra calculations are needed, keeping the complexity at a reasonable level. 
 
There are however some disadvantages with the screenshot technique. The 
information stored in textures must be free from filtering, since the information 
has to be unaltered in order for the classification to function. Another drawback 
is that the information space available for each individual pixel is limited, 
resulting in having to take the limited capacity into consideration when 
designing a possible solution. 

6.3 Choice of Path 
The solution chosen to be implemented is the screenshot technique. This choice 
has been made with several aspects and considerations in mind.  
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First of all, the screenshot technique makes use of generic functionality in 
GRAPE, thus saving a lot of work implementing subsidiary support functions. 
This also makes integration possible in a much smoother manner than if 
deciding to go for the ray tracing solution. The material mapping can easily be 
done using the already existing terrain class mapping function for radar 
simulations in DMGS.  
 
Second of all, during the information gathering process, the screenshot 
technique requires fewer calculations than ray tracing. Too many calculations 
will inevitably lead to lower frame rates, and therefore the number of 
calculations should be kept as limited as possible. The over all complexity of the 
solution with ray tracing is considered to be too high. It is not considered viable 
to perform one ray trace per pixel; this would likely lead to an unworkable 
environment. 
 
Finally, the last argument for choosing the screenshot track is the difference in 
detail level. When dealing with the screenshot technique, the material class of a 
surface can be decided on a pixel level. This is not possible in the same way 
with the ray tracing technique, where materials are assigned on polygon level. 
Using the ray tracing technique would either result in the loss of information or 
an unmanageable increase in polygons.  
 
Even though the benefits overall speak in favor of the screenshot technique, the 
drawbacks cannot be ignored but have to be taken into consideration during 
further development and implementation of the technique. 
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7 The Chosen Path 
Once the choice had been made, the work with refining the screenshot technique 
took place. This first of all meant designing a detailed conceptual description of 
the screenshot technique. Secondly, the necessary data needed for the model to 
run, as well as sources of these data, had to be identified. Third of all, the 
implementation of a test simulation making use of the developed technique had 
to be conducted. 
 
The implementation in turn, was divided into two steps. The first step meant 
creating a stand-alone application outside the visualization software currently 
used for simulation (GRAPE). The second step meant integrating the model with 
GRAPE, in order to test the full combined functionality. The advantage of first 
creating a stand-alone application was that no knowledge or information about 
GRAPE was needed, and it was still possible to quickly test whether the model 
generated reasonable results or not. On the other hand, by doing so, no tools or 
other useful aids and functions that might already be implemented in GRAPE 
could be taken advantage of. 

7.1 Detailed Conceptual Description 
In order to transform the simplified model into a test implementation, a plan was 
developed to describe the necessary steps. This plan was divided into two parts; 
integration with the current environment, and the simulation process cycle. 

7.1.1 Integration with the Current Environment 
As a step towards meeting the requirement of integration with the current 
environment, the conceptual chart shown in Figure 7 was created. 
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Figure 7 Conceptual chart of integration with the current environment 

As in the case of simulating the visual world, DMGS should be used to generate 
the terrain used in the simulation. No changes in the terrain generation process 
should be needed. However, the screenshot technique requires textures 
structured in a certain way. DMGS is currently used to generate textures for 
visual simulation, and also has access to material information needed for the 
infrared simulation. This makes it suitable as a tool to generate the textures 
required by the screenshot technique. Therefore, functionality to perform this 
generation should be implemented in DMGS. This is represented by the IR-part 
of the DMGS box in the figure. 
 
As a part of the integration process, GRAPE should be used for numerous tasks. 
In order to acquire information about the geometry of the physical environment, 
GRAPE should be used to render the scene. The environment should however 
not be visualized to the end user at this point. In order to be able to retrieve 
material properties from the scene, material attributes should be assigned to 
geometric areas. This should be done by taking advantage of suitable 
functionality in GRAPE. To comply with requirements, all calculations being 
performed during execution of the simulation should be implemented in 
GRAPE. The final simulated infrared image should be visualized using GRAPE. 

7.1.2 Simulation Process Cycle 
The simulation process cycle is divided into four groups as shown in Figure 8 
below. The arrows in the figure shall be seen as transitions in time rather than 
exchange of information between groups. The start-up calculations will only be 
performed once for each simulation whereas the other three steps will be 
performed for each frame all through the entire simulation process. 

DMGS GRAPE 

IR DATA 
• Atmospheric 
• Material 
• Sensor 

IR 
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Figure 8 Simulation process cycle 

Start-up Calculations 
In the he start-up calculations phase, all the data necessary to perform a 
successful simulation should be imported to GRAPE. This data should thereafter 
either be directly stored in tables or used as input to calculations performed 
before the actual simulation starts. The calculations being performed at this 
stage should aim to facilitate the calculations executed during the simulation 
process to as large an extent as possible, without putting any restrictions on 
dynamic functionality. 

Scene Information Gathering 
The scene information gathering phase should involve calculations whose result 
is constant during remaining calculations in the frame. This will decrease the 
number of calculations performed, since values common for the entire scene can 
be calculated once rather than for each pixel. 
 
In Chapter 6.3, the screenshot technique was chosen to be the technique used to 
gather material information from the scene. To comply with this choice, this 
technique should be used in the implementation. The screenshot technique 
should be implemented in such a way that it is possible to retrieve material type 
and clutter value for each pixel during the information gathering phase. Clutter 
values are used as a way to introduce intra-material temperature deviations and 
are described in greater detail in Chapter 7.3.3. A similar screenshot should also 
be taken to acquire distance information embedded in the information for each 
pixel. 

Calculations 
In this phase all per pixel calculations should be performed. The final detected 
radiance value for each detector element in the sensor should be calculated.  

Scene Information Gathering 

Start-up Calculations 

Calculations 

Post Processing 
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Post Processing 
In order to produce the final simulated gray scale image presented to the user, 
the final radiance values calculated in the previous phase should be modified. 
This has to be done since the radiance values do not directly correspond to color 
values.  

7.2 Retrieval of Required Data 
Before the work of implementing the simplified model described in concept in 
Chapter 7.1 began, data needed for the simulation had to be acquired. As 
mentioned in Chapter 5.4, the data used in the simulation is divided into three 
groups; material specific, atmospheric, and sensor data. In the stand-alone 
implementation of the simplified model, no sensor data was used. This was due 
to the fact that, at the time of implementation, no sensor data was available. 
However, when the implementation was integrated with GRAPE, sensor 
response was used in the radiation calculations. 

7.2.1 Material Specific Data 
The data used for material properties was taken from the existing model for 
infrared simulation. In the existing model, the material classification consists of 
nine different material classes, shown in Table 1 below. Data for these materials 
has been modeled in the MSI39 project, and since this is a feasibility study, data 
for nine materials were considered enough in order to evaluate the simplified 
model. Using the same data for the materials also makes it easier to compare the 
simplified model with the existing model. 
Table 1 Material classification of the existing infrared model 

Open area Water Pine forest Field Urban area 
Deciduous forest Bog Rough terrain Asphalt  

 
The material specific data used in the existing model was modeled for several 
cases. The parameters used to determine a single case are; climate, cloud 
coverage, and visibility. The following five different climates were used; sub 
arctic summer, sub arctic winter, mid latitude summer, mid latitude winter, and 
tropical. Two categories of cloud coverage were used; a homogenous cloud 
layer or no clouds at all. The visibility was categorized using the terms good and 
poor. In the test implementation of the simplified model, material data for a sub 
arctic summer climate with no cloud coverage and good visibility was used. 
 
The material data used in the existing model are; emissivity factor, reflectivity 
factor, clutter factor, and temperature. The reflectivity of a material is, as 
described in Chapter 2.1.2, divided into diffuse and specular reflectivity. These 
properties are not used in the existing model and therefore no data was 
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available. Since the main task of this feasibility study was to develop a 
successful method for infrared simulation rather than to gather data, the data for 
these properties was estimated. The emissivity, reflectivity, and clutter factors, 
per definition all have values between 0 and 1. The temperature data was 
modeled for each half hour of the day, resulting in 49 discrete temperature 
samples.  
 
This data was stored in tables and indexed by a material number. The material 
classification used in the simulation is however not the same as the material 
classification used in the existing model. Instead, the material classification used 
throughout the implementation is the same as the one used in DMGS. DMGS in 
turn, uses the classification dictated by Lantmäteriet. This classification has a 
wide range of materials. The main reason for using this classification instead of 
the one used in the existing model, is that DMGS is used to create the textures 
used in the simulation. DMGS’s part in the texture generation will be further 
discussed later in this chapter. DMGS has no knowledge of the material 
classification used in the existing model. In order to avoid changes in the 
implementation of DMGS, this approach was chosen. Since DMGS’s 
classification has more materials than the one used in the existing model, 
mapping of materials had to be done.  

7.2.2 Atmospheric Data 
The data used in atmospheric calculations was generated using MODTRAN. In 
order to get the necessary data from MODTRAN, it had to be run with three 
different settings; one creating atmospheric transmission and path radiance data; 
one creating solar radiance data; and one creating sky radiance data. Before 
generating the data, the parameters affecting the output of the different settings 
were identified. For transmission and path radiance three parameters were 
identified; observation height, end height, and range. For sky and solar radiance, 
the respective zenith angles were used as parameters. The observation height 
represents the height of the sensor. The end height represents the height over sea 
level. In this implementation, this height is always set to zero. This means that 
the landscape was said to be at the same level as the sea. The range corresponds 
to the range between the detector and the target surface. 
 
In the radiation calculations of the simulation, wavenumbers instead of 
wavelengths are used. This is due to the fact that MODTRAN uses wavenumbers 
rather than wavelengths in radiation calculations and as output. As described in 
Chapter 5.4.3, the wavelength span for the sensor is 3.6 – 4.9 µm. This 
corresponds to a wavenumber span from 2041 to 2776. The data from 
MODTRAN was chosen to be generated for every fifth wavenumber in the span, 
since this was considered to be a suitable resolution. 
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Due to the fact that the stand-alone application was only intended to initially test 
the functionality of the simplified model, only a limited amount of data was 
used. Only heights from 1 – 10 km were considered and no consideration was 
taken to different ranges. When generating solar radiance data, the solar zenith 
angle was iterated from 0 to 90 degrees using 10 degrees as iterating step. The 
sky zenith angle was set up with the same settings as the solar zenith angle. 
 
When the work was implemented in GRAPE, more atmospheric data was 
generated. During this process, two additional parameters affecting path 
radiance data were identified. These are solar zenith angle and relative solar 
azimuth angle. Also, the influence of the Sun on sky radiation was discovered. 
These additional parameters were from that point on used in the simulation. 
 
When generating more extensive data, the observation heights were divided into 
three areas with different resolution. For observation heights 1 – 20 km, a 
resolution of 1 km was used.  For heights 20 – 50 km, the resolution was 5 km 
and for heights 50 – 100 km, 10 km was used. The same resolution intervals 
were used for ranges. The choice of using different resolutions for different 
heights and ranges resulted in an artifact later discussed in Chapter 9.1.1. 
 
The relative solar azimuth angle was set to be between 0 – 180 with an iterative 
step of 90 degrees. The solar zenith angle also affects the sky radiance data, and 
therefore the same settings concerning the Sun were used generating this data. 
  
Due to the graphical interface coupled with MODTRAN, when generating data 
for path radiance and transmission, only one observation height could be 
handled each run. This resulted in 31 runs in order to cover the whole height 
span. The solar and sky radiance could however be generated using one run 
each.  

7.3 Implementation of the Simplified Model  
The simplified model was first implemented as a stand-alone application, and 
this was done in two steps. The first step was implemented quite early on and 
involved testing the performance of the simulation while computing all the 
necessary calculations. Since no final model was completed at this point, 
approximations of the necessary calculations were made. Upon completion of 
the simplified model, an implementation with the correct equations was made in 
the stand-alone application. This implementation was done according to the 
conceptual simulation process cycle described earlier. 
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7.3.1 Start-up Calculations 
Before the actual simulation in the application began, some start-up calculations 
were performed on the data. In this case, start-up calculations refer to those 
executed during the initiation process of the application. The start-up 
calculations being calculated concern blackbody radiation, parsing of 
MODTRAN generated data, radiation in diffuse reflection, and the import of 
textures.  
 

Blackbody Calculations 
The calculation of blackbody radiation is performed for each of the material 
types used in the classification. The modeled material temperatures are not used 
directly in the simulation. Instead they are input to the function calculating 
blackbody radiation. This function also takes wavenumber as input. Blackbody 
radiation for each wavenumber in the span is calculated and summed up using a 
Riemann sum. The blackbody radiation is calculated and stored for all the 
discrete temperature samples and when used in the simulation, they are accessed 
using material and time of day as indexes. 

Parsing of MODTRAN Data 
The next step was to create parsers for reading the atmospheric data generated 
by MODTRAN. Since three different types of atmospheric data were generated, 
three different parsers had to be implemented. The parsers read the contents of 
the files created by MODTRAN and store it in arrays indexed by the previously 
identified parameters; observation height, end height, solar zenith angle, and sky 
zenith angle. When used in the calculations, the data is acquired using these 
indexes. The parsers parsing solar and sky radiance data iterates over the 
respective zenith angles and uses Riemann sums to approximate integration over 
the wavenumber span.  
 
When parsing transmission data, the atmospheric transmission for each observer 
height and for each wavenumber is stored in a temporary table. An average 
transmission is then calculated and stored for each observer height. MODTRAN 
divides path radiance data into self emitted radiation and scattered radiation. 
These values are added to create the path radiance. As for the solar and sky 
radiance data, Riemann sums are used in the process of approximating integrals 
over the wavenumber span. This is done for each observer height in the data.  

Diffuse Reflection 
In order to save computation time calculating diffuse reflection, solar and sky 
radiance values are merged into a separate table indexed only by solar zenith 
angle. By doing this way, the fact that radiation changes over time is taken into 
account since zenith angle is time dependant. In this calculation, Lambert’s 
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cosine law is used in order to calculate the amount of incident radiation from 
different angles.  

Import of Textures 
The application also uses a texture containing material and clutter data. This 
was applied to a square used to represent the geometry of the landscape in the 
scene. The textures are in the format of RGBA images. However, no complete 
implementation of an RGBA image parser was available, thus this had to be 
done. The parser reads the data of an RGBA image and stores it as float values 
in a texture. The choice of float values as storage format is due to the fact that 
OpenGL uses floating-point values as the internal storage format. This saves 
valuable time since no conversions between storage formats need to be done. 
 
At this point in the application, all data needed to perform the simulation has 
been gathered, all necessary start-up calculations have been executed, and the 
required texture has been applied to the landscape. Next in the conceptual 
simulation process cycle is the scene information gathering.  

7.3.2 Scene Information Gathering 
In the scene information gathering part, the screenshot method previously 
described is used. The application uses double buffering, and the scene is as a 
first step rendered to the back buffer. The scene rendered to the back buffer will 
not be displayed on the screen. Instead, the contents of the back buffer are 
copied from the graphic card to an intermediary working buffer in the primary 
memory, thus making a screenshot of the back buffer rendered scene. The 
intermediary working buffer will be referred to as the screenshot buffer. The 
screenshot is used as a source to acquire information about the materials in the 
scene.  
 
The screenshot acquired in this application is an RGBA image produced in a 
way compliant with the technique described in Chapter 6.2. An RGBA image 
has four channels; red, green, blue, and alpha. The material type for a pixel is 
retrieved from the red channel of the screenshot, and the clutter values are 
retrieved from the green channel. The blue and alpha channels in the textures 
are at this point left unused for future purposes, resulting in no information 
gathered from those channels of the screenshot.  
 
The tool used to create the specific textures resulting in the composition of the 
screenshot is DMGS. This tool, as described in Chapter 4.1.1, uses vector based 
material/terrain classifications and aerial photos as input. The material/terrain 
classifications are used to create data for the red channel, whereas the aerial 
photos are used to create the clutter values placed in the green channel. DMGS 
can also be used to create elevation data, but this was not used during the 
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implementation of the stand-alone application. However, it was used later, when 
an implementation was made in GRAPE. 
 
An analogue procedure is performed with the depth buffer. After the scene is 
rendered to the back buffer, the contents of the depth buffer are copied to 
another intermediary working buffer. The working buffer now contains the 
depth for each individual pixel in the scene. The contents of the depth buffer are 
entirely handled by OpenGL. The depth information is used in the process of 
retrieving the correct values according to distance, regarding atmospheric 
transmission and path radiance. 

7.3.3 Calculations 
The calculation part involves all the calculations made in order to retrieve the 
radiance detected by the sensor. The resolution of the sensor is, as stated in 
Chapter 5.4.3, 640x480, where each pixel represents a detector element. In order 
to perform calculations on the entire screenshot, an iterative calculation process 
takes place.  

Distance and Material Interpretations 
Each iteration starts by obtaining the material index and depth of the pixel in 
question. The material index is acquired from the red channel of the pixel in the 
screenshot. The depth is acquired from the working buffer storing depth 
information. In OpenGL, the depth stored for each pixel of the scene is not 
linear to the distance of the objects. The stored depth has a value between 0 and 
1. In order to get the actual distance to the pixel in the scene, the following 
formula is used (Hoff III): 

)·(
·

Distance
nearfarfar

nearfar

ZZZZ
ZZ

−−
= . 

In the formula, Zfar, Znea, and Z are the far clip plane, near clip plane, and stored 
depth value. 
 
In the stand-alone application, the viewing direction of the camera is almost 
always perpendicular to the scene. Due to this fact, the distance is used to create 
the observer height index. This will give rise to some errors, but this is in this 
case the most convenient way to retrieve the index. The height index is used to 
retrieve the distance dependant transmission and path radiance data for each 
pixel. Since this data is available only for discrete sample points, interpolation is 
used to get more accurate values. The atmospheric transmission and path 
radiance will be used in the summarizing calculation. 
 
The material indexes retrieved during the scene information gathering phase are 
used to collect material specific factors regarding emittance, reflectance, diffuse 
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reflectance, specular reflectance, and clutter. It is also used together with the 
time of day to retrieve the appropriate blackbody radiation coupled with the 
materials.  

Reflections 
The amount of reflected radiation added to be included in the total radiation 
leaving the surface is determined by the reflectance factor mentioned above. 
Since reflection is divided into diffuse and specular reflection, these are handled 
separately. One term for diffuse reflection and one term for specular reflection 
is calculated and later used in the summarizing calculation.  
 
First the diffuse reflection term is calculated. This is done by using data from 
the table prepared in the start-up calculations described earlier. This table is 
indexed using solar zenith angle. When calculating the diffuse reflection during 
run, the diffuse reflectance of the material retrieved earlier is used.  
 
Next, the specular reflection term is calculated. The specular reflection term 
consists of two parts; sky radiance and solar radiance. Since the sky covers the 
entire overlaying hemisphere, sky radiance is always present and affecting the 
surface. The sky radiance data is stored in a table indexed by zenith angle of the 
sky. This index is calculated from the zenith angle of the observer and used to 
retrieve the data. As in previous cases, interpolation is used to retrieve data 
between sample points. The solar radiance is on the other hand not always 
present when calculating the specular reflection. Because of this, a check is 
made in order to determine whether the Sun is in the specular direction or not. If 
it is, the influence of solar radiance is added to the specular term. Since the data 
for sky and solar radiance is sampled over the solar zenith angle with a ten 
degree sample interval, interpolation is used to retrieve better values. The 
amount of the total reflection that is specular is determined by the specular 
reflectance factor collected earlier. 

Clutter 
The concept of clutter is introduced to satisfy the need for intra-material 
temperature deviations. Within a larger coherent area of a given material, 
temperature deviation will inevitable arise. In the visual representation of the 
infrared image taken by a real infrared camera, the deviation discussed is 
obvious. Due to this fact, it is of great interest to model these deviations and 
thereby using them as a part of the simulation. In this model, clutter is used to 
describe the internal deviation of temperature in a material. The temperature 
deviation within a material is decided by two parameters. The first is the clutter 
factor of the material, in percent describing the range of the internal deviation. 
The second is the pixel specific clutter deviation calculated by using values in 
the form of black and white aerial/satellite photos. This information is stored in 
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the green channel of the textures. Adjacent pixels often differ in clutter values 
which gives rise to the temperature deviation within the material.  
 
The choice of using aerial/satellite photos as a part of the temperature deviation 
calculations was made by two reasons; it seems contrasts appearing in visual 
imagery also often appear in infrared imagery; and in the training simulator, 
aerial/satellite photos are already being used to create correlation between 
reality and simulation. By using photos to create the temperature deviations, a 
correlation between the visual spectra and infrared spectra is introduced. This 
approach might not be fully in line with the physical model, but the presence of 
temperature deviations relating to the visual world was at this point considered 
to generate an increased training value. 
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Figure 9 Influence of clutter 
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In Figure 9 above, the upper part shows the result of using clutter as the mean to 
achieve temperature deviations. The evident temperature deviations present 
within real-world materials can clearly be seen. The lower part of the figure 
shows the same scene without any intra-material temperature deviation. 
 
The parameters described above are used in order to create a deviation around 
the self emitted radiance calculated for the material. In order to calculate the 
resulting radiance value for the pixel, the clutter deviation c is calculated. This 
is done using the formula 

mid
minmax

min P
PP

PPc −
−

−
= , 

where P is the clutter value of the pixel, Pmin and Pmax are the minimal and 
maximal clutter values in the screenshot, and Pmid is the midrange clutter value 
in the screenshot, i.e. 

2
minmax

mid
PPP +

= . 

These values are calculated for each material present in the scene. The clutter 
deviation will have a value between -0.5 and 0.5. The formula 

matmatpixel L)·c·k(L += 1  

is used to calculate the self-emitted blackbody radiance used for the pixel in the 
simulation. In the formula, Lpixel is the self-emitted blackbody radiance leaving 
the pixel, kmat is the material specific clutter factor, and Lmat is the calculated 
material specific radiance. The emittance factor is multiplied with self-emitted 
blackbody radiance to form the term representing the final radiance emitted by 
the surface. 
 
In order to save computational time, the minimum, maximum, and average 
clutter values for the screenshot are saved between frames. Clutter information 
from all pixels in the screenshot is needed in order to determine these values. 
Therefore, the clutter calculations being performed in the current frame use 
values from the previous frame. This makes it possible to save the needed 
values during the iteration of the screenshot, instead of performing another 
iteration just to gather the same. 

Summarizing Calculation 
At this point in the iteration cycle, all the data needed in order to compute the 
radiance detected by the sensor has been prepared. The self-emitted radiance 
term is added to the reflected radiance term. The result is multiplied with the 
atmospheric transmission and added to the path radiance. The detected radiance 
has now been calculated. The radiance value for each individual pixel is 
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thereafter stored in the red, green, and blue color components of the pixel in the 
screenshot buffer.  

7.3.4 Post Processing 
After the iteration is complete, the post processing of the image begins. For each 
frame, the smallest and largest sensor detected radiance values are stored. This 
is done by comparing each calculated radiance value to the radiances previously 
calculated in the same frame. When the iteration is complete, these values are 
known. They are used to calculate the so called bias and scale values. The bias 
and scale values are used in order to calculate the corresponding gray scale 
value for the pixel. The radiance is offset and scaled in such a way that the 
smallest radiance has a gray scale value of 0 and the largest radiance has a gray 
scale value of 1. By doing this, the coolest pixel in the field of view will be 
black, and the hottest pixel will be white (that is if white-hot is used). The 
calculated bias and scale values are used as offset and multiplicative factor 
respectively. The stretch is performed using a feature in OpenGL, where the 
pixel value is first multiplied with the scale and then added to the bias. When 
using this feature, the red, green, and blue color channels all have separate bias 
and scale values. However, the simulation should produce a gray scale image, 
and therefore all three channels will be set to have the same bias and scale 
values. OpenGL performs the stretch linearly using the formula 

bsLC det += · . 
The formula is altered to use notations used in this thesis. Here, C is the 
calculated gray scale value lying between 0 and 1, Ldet is the radiance detected 
by the sensor, b is the bias value, and s is the scale value. The formulas for 
calculating the bias and scale values are in turn 

minxma

min

LL
Lb

−
−= , 

and 

minmax LL
s

−
= 1 , 

where Lmin and Lmax are the minimum and maximum radiance values calculated 
for the screenshot. 
 
During the post processing, the values in the screenshot buffer are overwritten 
by the stretched values. This buffer now contains the final simulated infrared 
image. It is now, as the last step in the rendering process, written to the back 
buffer. After this, the buffers are swapped by OpenGL and the image is 
displayed on the screen. 
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7.4 Integration with GRAPE 
Upon finishing a successful implementation of the simplified model in the 
stand-alone application, the work was implemented in GRAPE. This required 
some time to get acquainted with the overall architecture and implementation 
design of GRAPE. After the appropriate place to implement the model was 
identified, the work began. 

7.4.1 Start-up Calculations 
As a first step of the integration, the parsers were introduced in GRAPE. The 
parsers handling atmospheric data had to be redesigned due to the changes in 
the source data compared to the stand-alone application. These changes are 
described in Chapter 7.2. The data retrieved from the parsing process is always 
read from the same text files and will therefore always be the same. The parsers 
are designed in order to decrease the time needed for start-up calculations 
during startup. This is done in such a way that the contents of the text files are 
only read the first time GRAPE is run. During this first run, the tables resulting 
from the parsing are stored on disk. The subsequent times GRAPE is run, the 
data will be loaded directly from disk, thus saving time.  
 
When the parsers were rewritten for the implementation in GRAPE, sensor data, 
in the form of wavenumber dependant sensor response, was added to the 
calculations. The sensor response is introduced as a multiplicative in the 
radiation calculations. 

7.4.2 Scene Information Gathering 
The parser reading RGBA files is not used in the implementation in GRAPE. 
Instead GRAPE’s internal texture loader is used to load the textures. In this 
implementation, a new terrain and new RGBA textures with higher resolution 
were generated and used. Attribute files containing settings such as bit depth 
and texture filtering were also generated for each texture. GRAPE uses these 
attribute files in order to load the textures in the intended manner. This is a very 
convenient feature, but this time it gave rise to some errors and a lot of time was 
spent finding the cause. This problem is further discussed in Chapter 9.2. 
 
The screenshot technique used in this model is highly dependant on the color 
values of the textures not being modified before being stored in the screenshot 
buffer. To ensure this, no texture filtering of any kind is used and also the 
features lighting, fog, and anti-aliasing are turned off in GRAPE during 
calculations. The lack of texture filters and anti-aliasing does however create 
unwanted artifacts in form of pixelation and aliasing effects. A discussion on 
this problem is presented in Chapter 9.2. By using the screenshot technique, the 
generic function of GRAPE is utilized. GRAPE renders the loaded terrain with 
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the belonging textures to the back buffer. The subsequent procedure of creating 
the screenshot is the same as in the stand-alone application. Analogously the 
material index is retrieved from the red channel in the screenshot, the clutter 
factor is retrieved from the green channel, and the range index is retrieved from 
the stored depth buffer. 
 
During the simulation, some parameters used for table indexing remain constant 
within each frame. After the screenshot is made, these frame specific indexes 
are calculated. These indexes are; solar zenith angle, relative solar azimuth 
angle, time of day, and observer height.  

7.4.3 Calculations 
After having gathered all necessary information, the process of iterating each 
pixel in the screenshot begins. The atmospheric transmission factor is calculated 
using interpolation between four table values. In this implementation, this table 
is indexed by the parameters observer height, end height, and range. This would 
result in an interpolation between eight table values, but the end height is always 
set to zero reducing this number to four. Similarly, the path radiance is 
calculated using five parameters, including the three just mentioned. The other 
two are solar zenith angle and relative solar azimuth angle. This results in an 
interpolation between 16 table values. When calculating the diffuse and specular 
reflection components, the procedure is the same as in the stand-alone 
application, with the exception of sky radiance being indexed by both solar and 
sky zenith angles. The process of retrieving the material specific properties used 
in the pixel-wise calculation of radiation is also the same as in the stand-alone 
application.   
 
As in the stand-alone application, clutter is used to create temperature deviations 
within areas of the same material. The usage of clutter is the same as in the 
stand-alone application. However, no temperature deviations within water areas 
are used. The reason for this lies in the aerial/satellite photos used as clutter 
values. These photos are not always taken during consistent weather conditions. 
An effect of this is for example that some photos have sun glares in water areas 
whereas others do not. This leads to unrealistic simulated infrared images and 
because of this, no clutter calculations concerning water are performed. 
 
Now all the needed terms have been calculated and the final detected radiance 
value is calculated in the same way as in the stand-alone application. This value 
is stored in the red, green, and blue channels of the pixel in the screenshot 
buffer. 
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7.4.4 Post Processing 
When all the radiance values have been calculated and stored in the screenshot 
buffer, the post processing of the image begins. As for the stand-alone 
application, the values in the screenshot buffer are stretched using bias and scale 
values. However, in this implementation, the bias and scale values are 
calculated using information not only from the current frame, but also from the 
most recent frames. The number of frames used in this calculation is easily 
changed. The smallest and largest radiance values can differ greatly between 
frames, and when using only one frame as a base for the bias and scale values, 
the image can flicker significantly when a very cool or a very hot area enters the 
scene. The reason for using more than one frame in this process is to reduce this 
flickering. 
 
Additionally, in order to determine the model’s ability to handle target objects, 
three tanks were introduced in the scene. These tanks are constructed using 
metals and have a much higher temperature compared to the natural terrain 
previously simulated. This results in larger radiance values and when 
performing a linear stretch on an image containing a tank surrounded by natural 
terrain, the natural terrain will appear very cold in comparison. As a result, the 
contrast will be high for the tanks and low for terrain areas. This is very 
undesirable since only one pixel in the image need to have a significantly larger 
radiance value in order for this effect to appear. 
 
In order to counteract the effect mentioned above, the stretch is divided into two 
areas; one containing the 95 % smallest radiance values, and one containing the 
5 % largest values. Inside these areas, the stretch is performed linearly. This 
procedure is shown in Figure 10. All values below 95 % of the largest radiance 
value in the image will be stretched to cover 95 % of the gray scale values, and 
the radiance values over this threshold will be stretched to cover the remaining 5 
%. In the figure, this is represented by the arrows in the upper part. The smallest 
radiance value (a) in the left part will be stretched to adopt the lowest gray scale 
value, and the largest radiance value (b) in the left part will adopt the gray scale 
value at 95 % of the maximum. The corresponding happens for (c) and (d) in the 
right part. The lower part of the figure shows the relationship between radiance 
value and gray scale color. The result of this approach is a high resolution for 
smaller radiance values and a low resolution for the largest values. This is true 
as long as there is gap between (b) and (c) in the upper part of the figure. 
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Figure 10 Dual interval stretch procedure 

As also done in the stand-alone application described earlier, bias and scale 
values are used in the process of stretching the gray scale values of the image. In 
the stand-alone application, built-in features of OpenGL were used in order to 
perform the stretch. However, the choice of dividing the color span into two 
areas makes it impossible to use the same OpenGL features for the GRAPE 
implementation. The reason is that it is only possible to specify one value for 
bias and scale respectively, thus affecting the entire color range of each channel. 
This is solved by doing the stretching manually, using the formula 

sbLC det )·( += . 
The formulas for calculating the bias and scale values are in turn 

minLb −= , 
and 

minmax LL
s

−
= 1 . 

These formulas are quite similar to the ones used by OpenGL. The main 
difference lies in the bias value. This approach contains fewer calculations and 
will thereby be more efficient. The stretch is performed for both areas, using 
separate bias and scale values for each. This is done by saving the minimum and 
maximum radiance values for each area during the iteration. 
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8 Analysis  
One of the more important parts of the feasibility study is the analysis. In this 
chapter an analysis of the chosen technique as well as of the result thereof will 
be conducted. Main focus will lie in trying to tie the work to the initial thesis 
objective and the accompanying problem descriptions, as well as comparing the 
proposed model with reality and other solutions available on the market. The 
analysis will be divided into parts consistent with the different areas of interest 
identified earlier in this report, i.e. the areas that came to influence the outcome 
of the problem description. First the requirements will be analyzed, and then a 
model evaluation will be presented. To refresh the mind, the initial problem 
description list is once again presented. 
 

• Foundation in Physics 
o How can the model be “Physically correct”? 
o What parameters affect infrared radiation? 

• Requirements 
o Which requirements are present regarding; performance, 

properties, settings, and dynamics? 
o How can these requirements be met? 
o Are there limitations that make some of these requirements 

difficult to meet? 
• Evaluation of the Model 

o How can the model be evaluated? 
o How does the model compare to other products or solutions? 
o How does the model compare to reality, according to users? 
o Is there a future potential in the solution? 
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8.1 Model Requirements 
One of the main focuses of this thesis was to identify which requirements the 
model has to satisfy in order to be feasible for training purposes. This resulted in 
a concise list of requirements presented in Chapter 5.1. It is therefore of interest 
to analyze these requirements and determine whether they have been fulfilled by 
the chosen solution or if some are still lacking.  

8.1.1 General Requirements 
The general requirements lay the initial foundation for the implemented model. 
The foundation in physics is together with the possibility to evaluate the model 
considered two of the most important requirements, which is why the following 
analysis is of great interest. 

Foundation in Physics 
The fact that the simplified model, and thereby the test implementation, actually 
is derived from a physical model based on well known laws and relations of 
physics leads to the model inevitably having its foundation in physics. What 
could jeopardize this statement are the simplifications and assumptions made in 
the model. 
 
Neglected parts that could impact the foundation in physics include neighboring 
objects, sensor noise and turbulence. The lack of impact of Moon radiation 
affects this aspect during nighttime. The biggest infringement on the foundation 
in physics is probably the lack of effect from neighboring objects. This 
simplification results in, among other things, the appearance of the rather sharp 
edges found between materials. Also hot objects do not transfer heat to the 
surroundings when in contact, for instance a hot tank standing on a field. This 
would in reality give rise to a thermal shadow on the ground. The lack of sensor 
noise makes the image produced during simulation too good, which is a 
problem since this to some extent decreases the training value. The fact that the 
radiation from the Moon is not taken into consideration in the simulation results 
in a smaller amount of radiation due to reflection, resulting in the model being 
less accurate during night usage. Note however, that the Moon is included in the 
physical model. It is likely that the Moon should be handled separately in the 
same manner as the Sun. 
 
A few approximations have also been made in the model that could affect the 
foundation in physics. The emissivity is not angle or wavelength dependant, but 
constant over all angles and wavelengths. The atmospheric transmission is not 
wavelength dependant, but constant over all wavelengths. The reflection is 
divided into specular and diffuse reflection, the more accurate BRDF described 
in Chapter 2.1.2 is not used. To decrease the complexity, Riemann sums are 
used instead of integrals in computations. To acquire easily accessible material 
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data, the temperature as a function of time is modeled instead of measured in the 
real world.  
 
All these approximations affect the outcome of the simulation. However hard it 
might be to establish the influence of each individual approximation, it is even 
harder to figure out the combined effect. But as Mattsson stated in Appendix A, 
it is more important to be able to se the characteristic differences between 
materials than for the simulation to be 100 % correct. 
 
These simplifications and assumptions all deviate from reality in one way or the 
other, the important aspect however is that they do not contradict reality. This 
leads to a simplified model that of course differs from reality but is still an 
approximation thereof, thus preserving the foundation in physics.  Another 
aspect of this requirement is the relation to the existing model, which will be 
further analyzed in Chapter 8.2.1 Comparison with Existing Model. 
 
The wish to maintain a foundation in physics results in having to make 
simplifications and abbreviations of reality in order to keep the model at a 
comprehensible complexity level. Certain simplifications, such as the 
approximation of integrals as being Riemann sums, results in less CPU power 
needed in order to carry out the instructions. This means that a more powerful 
CPU could increase the possibility to reduce the simplifications needed to be 
made in the model. The extent to which the requirement Foundation in Physics 
can be fulfilled is in other words to some extent a tradeoff between performance 
and reality. However, since the main focus of the model is to achieve training 
value, it seems reasonable to increase performance and introduce simplifications 
as done in the model in question.  

Evaluation 
An interesting aspect of this thesis is the evaluation part; to manage to evaluate 
a model that deviates from reality, where the actual task of the thesis lies in 
researching the manner of how the model is supposed to deviate. This has 
however been conducted in a feasible manner, and is further discussed in 
Chapter 8.2 Model Evaluation. 

8.1.2 Usability Requirements 
Since the model aims to create an increased training value for the end user, the 
usability requirements are of great importance to analyze. These will once more 
be shortly presented and thereafter analyzed one at a time. 

Dynamically Changeable Attributes 
One of the requirements that might add the most to the perception and training 
value for the end user is the dynamically changeable attributes. This is one of 
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the corner stones in this thesis and also one of the main reasons that the 
feasibility study came to take place. It was desired to investigate the possibility 
to make certain attributes changeable during run, and also prioritize between the 
same. 
 
The list of attributes to be dynamically changeable presented in Chapter 5.1.2 is 
in the end what to aim for. Not all of the attributes on the list have however been 
implemented to work dynamically in the test implementation. As of now, time 
of day and day of year can be changed dynamically during execution. The 
functionality to alter these parameters has been integrated with the rest of the 
surrounding systems, i.e. when time or day is changed in GRAPE, the data or 
properties affected by this in the infrared simulation are also changed. This 
practically means that when for example the time is changed in GRAPE, 
properties such as object temperature and atmosphere composition are updated 
in real-time to comply with the new environmental settings. This concludes that 
the first two requirements on the list of dynamically changeable attributes have 
been fulfilled.  
 
What has not yet been implemented and tested is the possibility to change 
season and weather condition, implying that the final two requirements on the 
list are yet to be satisfied. It is not however considered to be a major effort to 
implement these features, since there is support for the attributes to be 
dynamically changeable in the proposed model. The implementation of these 
features could presumably be made in accordance to that of the function to 
change time or day. It is however already possible to change the weather 
conditions by manually replacing the atmospheric tables in the implementation 
with new generated tables from MODTRAN using the updated weather condition 
settings. These settings are with regard to rain, fog and cloud conditions as 
desired. The same procedure is viable for changing the climate conditions. 
 
Altogether this requirement is not entirely fulfilled, but the conditions to meet 
the entire requirement are present. The existing prerequisites for further 
development and a full completion of this requirement are further dealt with in 
Chapter 9 Discussion. This is considered to result in a solution that to an 
acceptable degree meets this requirement.  
 
A possible limitation is the available internal memory. This is not however 
considered a problem in the proposed model. The memory needed for the 
simulation is limited to the tables loaded upon start-up of the execution. These 
tables do never get so big that the memory limit will be an issue. The computers 
of today have memories large enough to handle the data. 
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A factor that to a big extent affects exactly how dynamic the attributes can 
become is the speed of the CPU. The dynamics inevitably introduces extra 
calculations. This is especially obvious when it comes to creating time or 
distance steps that are perceived as being somewhat consistent. The data 
generated is always generated for a number of discrete points as described 
earlier. To get smooth transitions between different times or distances, the data 
has to be interpolated. The interpolations demand a lot of calculations, thus 
limiting performance. The characteristics of the impact of changing the 
attributes are considered to be satisfactory, this in relation to performance 
discussed in further detail below. 

Expandability 
The expandability aspect of the usability requirements had a quite central role, 
since the implementation is supposed to work in multiple environments and 
under various conditions. The fact that the test implementation was created 
using a limited amount of data even further emphasizes this requirement.  
 
The implementation has been done with generality in mind. This is apparent 
especially in the information gathering phase. The information loaded upon 
start-up as well as the information read during execution can easily be changed 
between runs. The design of the implementation is of such a character that the 
information contained in each pixel, i.e. the RGBA values, can be read and 
processed as long as the coding rules for material and clutter information are 
followed. This means that further material types can be added subsequently as 
long as they comply with the predefined rules and are added to the table of 
materials in order for the material properties to be read properly. The generality 
also includes changing of the atmosphere.  
 
The model is overall ignorant to the values contained in the data fields fed into 
the simulation; it only considers the way the data is structured. As long as all 
data fields are represented for a new material class, it will process the 
information contained in the fields as for any other already existing type. This 
means that more specific data or data covering entirely new geographical areas 
can be added when needed. 
 
The generality of the model also results in that no distinction is made between 
terrain/background and manually modeled objects such as trees, houses or 
vehicles. This implies that as more data regarding target infrared parameters 
become available, newly created models using the information can be added in 
the scene. 
 
All the above arguments imply that the expandability requirement has been 
fulfilled to the best of current knowledge. It is always impossible to say that one 
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has all bases covered considering all possible future situations that might arise. 
Altogether however, it seems safe to say that expandability has been achieved. 

8.1.3 System Requirements 
The system requirements are the more tangible aspects of the model. This 
section seeks to present and analyze the impact and outcome of these 
requirements. Their more technical nature makes an objective analysis easier to 
conduct. 

Resolution 
The resolution has been said to be one of the easier requirements to identify and 
follow up. This is probably true, since the resolution requirement is directly 
derived from the specification of the infrared sensor placed in the Gripen 
aircraft. The simulation is supposed to run at a resolution of 640x480 pixels, 
which the test implementation in fact does. This results in that the requirement 
regarding resolution is considered to be fulfilled. As discussed later on, the 
requirement to comply with the specifications for resolution does in fact impact 
performance. To meet the resolution requirement is however considered to be a 
choice of high value, since this is the only physical representation of the sensor 
image that the end user comes in contact with.  

Platform Architecture 
The initial intent was to first complete the test implementation for a PC 
platform, evaluate, and then make changes to get a similar installation on an SGI 
platform. This was uttered as a subtle request in the requirement specifications, 
since current simulations run on both platforms. Early performance tests 
however, showed that the complexity and the number of calculations needed to 
be carried out were quite too many for the CPU on the SGI platform to handle. 
With this information in mind, together with the current standing and future 
outlook for the company SGI as such, it seems to have been the right choice to 
only concentrate on getting decent results on a PC platform. This however, 
results in that the dual platform requirement has not been fulfilled. 

Performance 
The system is, as stated in the thesis objective, in the end mainly to be used for 
training purposes. The purpose of having a performance requirement was, with 
the nature of the feasibility study in mind, to be able to examine the system in a 
satisfactory manner. This was the basic reason for the performance requirement 
to be set to only 5 Hz. The final update frequency of the test implementation 
landed somewhere between five and seven frames per second, depending on the 
environment, which resulted in a test implementation that fulfills the first part of 
the performance requirement.  
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The second part of the performance requirement was to come up with a 
proposed plan on how to proceed towards acquiring a real-time implementation. 
This is also considered to have been fulfilled, and the continuation plan, with 
the steps considered necessary to reach the final goal of 30 frames per second, is 
described and discussed in detail in Chapter 9.1 How to Proceed. 
 
The parameters influencing and limiting the performance are also of interest to 
analyze. The speed of the CPU and the graphics card are among those affecting 
the system to a large extent. The limited speed of the CPU inevitably sets an 
upper limit to the number of operations able to be carried out each second, thus 
directly affecting the performance of the simulation. A faster CPU would 
certainly increase the overall performance of the system, due to the many 
calculations carried out each cycle of the simulation. This is one reason why the 
platform architecture influences the performance; conventional SGI computers 
generally have a much slower CPU than modern PCs. 
 
The extent to which the speed of the graphics card limits the performance of 
today’s test implementation is harder to analyze. The implementation does not 
make use of any of the more advanced functions and instructions available on 
the current modern graphics cards, implying that this factor is less limiting than 
for example the CPU. However, as the work progresses and some of the 
proposed improvements in Chapter 9.1 may be implemented, the performance 
of the graphics card might become all the more crucial.  
 
Some of the requirements actually work against one another. For example to 
what extent the simulation complies with real world physics, and how many 
parameters are to be dynamically changeable, add to the complexity of the 
model. An increased overall complexity increases the number of calculations 
needed to be carried out during the simulation, thus decreasing performance. 
The final requirement that has been identified to oppose the performance is the 
resolution. A higher resolution in the test implementation increases the number 
of calculations carried out linearly to the increase in size. These contradictory 
effects are of course undesirable, but impossible to avoid, which is why it is of 
importance to find a balance between the requirements concerned. The balance 
gives an impression to have been found as far as performance is concerned, 
since as stated earlier, this requirement has been met.  

Integration with Current Environment 
The requirement to integrate the implementation into the current environment, 
sought to eliminate extra plug-in modules or add-ons. The purpose was to 
achieve full functionality in GRAPE as the sole product for visualizing 
simulations, and for DMGS to be the tool to use when generating terrain data. 
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The result is overall considered to fulfill these requirements. The first 
supporting argument for this statement concerns the aspect of integration with 
DMGS. The terrain used in the infrared simulation is in fact generated by DMGS. 
The fundamentals regarding the chosen infrared terrain data modeling were 
closely integrated with current functionality to gain synergy effects. Although 
some modifications had to be made, the initial requirement to generate the 
infrared terrain data in DMGS was met. 
 
The second part of achieving integration concerns the implementation in 
GRAPE. As of now, the test implementation is in fact integrated as a part of 
GRAPE. The parameters changeable during execution are all altered through the 
user’s interface of GRAPE. Furthermore, all data needed for the simulation is 
either imported directly during start-up, through import modules implemented in 
GRAPE, or during run through the generic functionality of GRAPE. This is 
considered to complete the requirement of integration to a satisfactory extent. 

8.2 Model Evaluation 
In order to get a better understanding of how the model turned out, a model 
evaluation is presented. The evaluation will include comparisons with the 
existing model, reality, and another product available on the market. 

8.2.1 Comparison with Existing Model 
In this comparison, the requirements identified for the thesis are used as a basis. 
However, some of these requirements are not of value for comparison purposes 
and are therefore not present in the analysis below. 

Foundation in Physics 
Both the model currently used for infrared simulation and the proposed model 
have their foundation in physics. Similarly to the proposed model, the existing 
model uses well known physic laws and relations to form a mathematical model 
to base the simulation upon. The most significant difference between the two 
physical models is the way they handle reflections. The existing model only 
handles diffuse reflection without any respect to the incident angle of the 
radiating source. The proposed model however handles both specular and 
diffuse reflection, and when calculating diffuse reflection, the angle of incidence 
is taken into account. This results in the proposed model probably having 
reflections more accurately simulated and more similar to real world reflections. 

Dynamically Changeable Attributes 
One of the main drawbacks of the existing model is the lack of possibility to 
dynamically change certain parameters during a simulation already in progress. 
With the existing model, the textures used in the simulation are generated in a 
stand-alone application before the simulation starts. This application uses static 
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settings for time of day, day of year, and atmospheric conditions to create the 
textures. This results in a very static solution without possibility to change these 
parameters during run. For example, if there is a wish to change the time of day 
for a given scenario, new textures adjusted to the new conditions has to be 
generated. This is undesirable since it is very time consuming.  
 
In the proposed model, it is possible to dynamically change the parameters time 
of day and day of year. The model is developed in such a way that, when 
changing these parameters dynamically, there is no time delay for the changes 
to have effect on the calculations. This is one of the most important features of 
the proposed model. There is no longer any need to restart the simulation and 
spend time on time consuming texture generation. 

Integration with Current Environment 
When the existing model was developed, DMGS was not a part of the software 
environment used today. The existing model was instead partly implemented as 
stand-alone applications performing texture generation and producing some 
atmospheric data. Later on, there were intentions of implementing this 
functionality in DMGS, but this never happened. The textures and atmospheric 
data generated by the stand-alone applications are used as input to GRAPE.  
 
As opposed to the development of the existing model, the proposed model was 
developed with DMGS in mind. The corresponding functionality found in the 
stand-alone applications of the existing model is split between DMGS and 
GRAPE. The textures required by the screenshot technique and used in the 
implementation are generated using functionality in DMGS. GRAPE is used to 
render the textures as a part of the information gathering process in the 
implementation. GRAPE also performs all calculations regarding materials, 
sensor, and atmosphere. The approach of letting DMGS produce the textures is 
natural since it is used to produce the textures used for normal visualization. 

Performance 
The main drawback of the proposed model compared to the existing model is 
performance. In the existing model, many of the calculations performed in the 
process of producing the infrared simulation are carried out in the stand-alone 
applications in an offline state. By using this approach, a frame rate of 30 Hz is 
achieved.  
 
In the proposed model, in order to achieve the required dynamic properties, 
more calculations are computed online and this has an impact on performance. 
The proposed model has a frame rate of 5 – 7 Hz.  
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Platform Architecture 
Due to the fact that the existing model uses pre-calculated textures and only a 
relative small number of calculations are being performed online, it can be run 
on both SGI and PC platforms. Today, this is a big advantage since the main 
platform used in the simulators is SGI. 
 
Due to the large number of calculations being performed online in the proposed 
model, no work has been made to develop a solution for the SGI platform. The 
model is at this point only developed for the PC platform. 

Miscellaneous 
In the existing model, the user can fly in all directions and get the corresponding 
view of the infrared simulation. This includes a simulation of both terrain and 
sky. The most apparent part of the world not simulated by the proposed model is 
the sky, which results in a somewhat unrealistic infrared imagery when the sky 
is visible to the user. 
 
When performing calculations in the proposed model, all materials are treated in 
the same way. All materials are subject to the same calculations including 
reflection. This is in contrast to the existing model where water is treated 
separately. In the existing model, water is the only material considered to have 
reflections depending on the angle of incidence of the radiating source. In the 
proposed model, all materials are said to have reflections dependant on this 
angle. Treating all materials the same way probably results in more accurate 
reflection calculations. 

8.2.2 Comparison with Reality 
To get a better understanding of how well the model performs in comparison to 
reality, and also to better evaluate the training value of the model, comparisons 
with screenshots from the real infrared sensor in Gripen as well as a user 
evaluation has been conducted. 

Photographic Comparison 
To be able to analyze the simulated model and compare it to the real sensor, 
“correlating” screenshots were taken from the test simulation and from video 
recordings of the LITENING sensor. The video captures of the real imagery were 
kindly provided by Peter Tillgren, SAAB AB. All through these comparisons the 
real-life image will be presented on top of the simulated image.  

Figure 11 
Shown in Figure 11 below is a scene containing a bridge over water connecting 
two land masses. The land masses mainly consist of fields and forests, with a 
net of roads running through the area. Both pictures are taken during daytime in 
the summer period. 
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One of the more interesting features of these pictures is the clarity with which 
the roads and the bridges are shown. The correlation between the simulated 
picture and the real-world picture is very apparent on this matter; the bridge is 
perceived as being very hot in comparison to the surrounding cold water. The 
roads connecting to the bridge are however only apparent in the simulated 
image, this due to the fact that the forest, which the road runs through in the 
real-world image, is covering the radiation from the road. The topology of the 
simulated scene is not comprised in the same manner, thereby hindering the 
appearance of this phenomenon. The lack of topology difference is mainly due 
to the absence of tree/forest models in the simulated scene. In order to preserve 
consistency in the simulated terrain, the elevation of the terrain making up the 
road is the same as the one of the adjacent forest. 
 
A difference between the pictures is the absence of apparent atmospheric 
influence in the simulated picture, whereas in the real-world picture this 
phenomenon is rather obvious. The reasons for this difference could be many. 
The simulated picture has a steeper angle towards the ground, thus decreasing 
the deviating influence from the atmosphere within the scene. Another possible 
reason could be that the atmospheric affect is simply too small in the simulation. 
 
The analysis of Figure 11 implies that there are apparent similarities between 
the model and the real-world behavior regarding how roads or bridges behave in 
relation to surrounding terrains, such as water. However, the magnitude of the 
atmospheric influence is a matter for further research. 
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Figure 11 Differences between bridge and water in reality and simulation 
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Figure 12 
Shown in Figure 12 is a landing strip surrounded by fields and nearby forests. 
Some minor roads also wind about in the surrounding region. Both pictures are 
taken during daytime in the late summer period. 
 
There are several interesting observations to be made in the capture from the 
real sensor video. First of all, the landing strip is very obvious in the real-world 
picture. The landing strip appears to be very hot in comparison to the 
surrounding field; the field in turn appears to be warmer than the adjacent forest. 
The heat from materials in the real-world picture appears to “bleed” out into the 
surroundings, thus influencing the flanking areas. This shows by the relatively 
smooth transitions between the materials in the upper picture. Another 
interesting observation is the rather big intra-material deviations, especially 
obvious in the fields surrounding the landing strip. 
 
The simulated screenshot also shows some of the tendencies noticed in the real-
world image. The relatively hot landing strip has a very high contrast towards 
the surrounding materials; the strip is visibly among the hottest, i.e. whitest, 
areas in both pictures. The transition between the materials is however rather 
abrupt, which is quite typical for simulated environments since the classification 
makes the distinction between materials very clear. Another remark is the 
temperature deviations within and between materials. The adjacent field in the 
simulated picture is darker than the landing strip, and the close by forest is even 
colder, as in reality during corresponding conditions. The fact that the forest is 
not even darker in the simulated picture is considered to be due to the very cold 
water entering the top of the scene, thus affecting the gray scale composition of 
the image. 
 
 The analysis of Figure 12 implies that the temperature relations present 
between the materials existing in the scene seem to be correct, i.e. the gray scale 
representation seems to be created in a feasible manner. It however also 
emphasizes an apparent drawback with the simulation; it is too strict. The 
contrasts between different material types are too distinct. The simulated image 
needs to be smudged out in order to have a more natural look. 
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Figure 12 Landing strip 
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Figure 13 
In Figure 13 below, the upper picture shows an urban area situated on both sides 
of a river, and the lower picture shows an urban area located near a lake. The 
same weather and temporal conditions apply for both pictures.  
 
The most interesting characteristic of the pictures is the effect of atmospheric 
phenomena. In both pictures, the scene becomes darker at the top, a fact that due 
to the difference in distance between the lower and upper parts. At the top, there 
is a farther distance to the ground, which inevitably means that the radiation 
from this area has to propagate through more atmosphere than the radiation 
from an area found at the bottom of the pictures. Less radiation is detected from 
the upper area, and thereby this portion of the image becomes darker. Even 
though the effect of the atmosphere is present in both pictures, it is more 
obvious in the picture taken from real-world video footage. 
 
Another comparison to be made is the difference in gray scale levels between 
the pictures. In the real-world picture, the water is colder than the surrounding 
urban area, creating a noticeable contrast. In the lower picture, the urban area is 
located above the lake, and as clearly can be seen, the same relation regarding 
gray levels and contrast is present in the simulated case.  
 
Although the effects of the atmosphere are present in the simulation, it is hard to 
draw any conclusions about how accurately the simulation reflects real-world 
atmospheric effects. Furthermore there seems to be a correlation between reality 
and simulation regarding the compared gray scale levels. 
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Figure 13 The influence of the atmospheric phenomena 
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Figure 14 
It is of interest to analyze the impact of models in the simulation. Figure 14 
shows a number of hot tanks against a natural terrain background. The pictures 
were taken during daytime in the late summer. 
 
When very hot objects are introduced in a colder environment, the contrast 
between the objects and the surrounding environment will be quite big. This can 
clearly bee seen in the capture taken from real-world footage, where the tanks 
create a very obvious contrast with the terrain. Similarly, in the simulated 
capture, the three tanks located on the ground introduce the same effects. 
 
In the real-world capture, one can identify heat trails created by the tanks. These 
trails arise from heat exchange occurring when the tanks are moving through the 
terrain and they can be of great importance when tracking the movement of hot 
objects. In the simulated picture, no heat trails near the tanks can be seen. There 
are two reasons for this. First, the tanks are static and have not been moving 
when the screenshot was taken. Secondly, the simulation does not keep track of 
history and does not perform any heat exchange calculations. As a result, if the 
tanks were to move around in the scene, no trails would appear.  
 
The overexposure of the tanks present in reality is also present in the simulation. 
Even though no information has been found regarding the image processing in 
the sensor, at least this aspect of the simulation seems to be working 
satisfactory. The heat trails appearing in the real world is an obvious 
characteristic in infrared imagery, and the lack of such characteristics in the 
simulated imagery is an apparent drawback. Further study of this area is of 
interest. 
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Figure 14 Tanks in the field 
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User Evaluation 
To get the user perspective of how the simulation performs and also to get an 
idea of the training value of the simulated model, an interview with Rickard 
Mattsson, test pilot at the Swedish Defence Material Administration (FMV), 
was conducted. He was able to point to some properties and features of the 
simulation, positive as well as negative, that he thought were of extra interest. 
The main thoughts will be presented and analyzed in categories below, whereas 
the interview as a whole can be found in Appendix A. 

Atmosphere 
Mr. Mattsson overall got the impression that the influence of the atmosphere is 
to homogenous. This, Mattsson argues, might have to do with the standardized 
conditions of the atmosphere in the simulation or a not entirely correct 
magnitude of the influence. High resolution atmospheric data for farther 
distances is also considered necessary, up to about 70 km of distance. Heights 
however, are only necessary up to about 20 km, since the most common usage 
altitude is just above 5-6 km. 
 
These observations even further emphasize the results of the analysis of the 
screenshots. The over all extent to which the atmosphere affects the attenuated 
radiation needs to be further examined. This, together with an increased 
working distance of the sensor, is considered to probably add value to the 
training aspect as well as to the physical correctness of the simulation. The 
height requirements specified by Mattsson are however fulfilled and even 
surpassed, since atmospheric data is available up to 100 km in the test 
implementation. 

Infrared Characteristics Increasing Training Value 
During the interview with Mr. Mattsson a discussion concerning the infrared 
characteristics emerged. It is important for increased training value to be able to 
bring out the infrared characteristics in the simulation apparent in real-world 
imagery. This would, according to Mattsson, increase the training value since it 
is important to be able to show the obvious identifiers characteristic for infrared 
imagery.  
 
Mattson got the impression that the crossover moments present in the simulation 
are similar to those found in the real infrared world. These moments occur at 
certain points when materials change temperature from for example cold to 
warm. The transition gives rise to moments when most objects in the scene have 
similar temperatures. When passing these points of time the whole relation 
between what is relatively cold compared to relatively warm in the image is 
rapidly shifted around. This phenomenon causes the crossover moments. 
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Mattsson further argues that the entire time shift sequence is perceived as 
having a nice dynamic behavior. 
 
Drawbacks identified by Mattsson are the lack of a thermal shadows as well as 
the lack of shadowing. The two concepts should not be confused. No shadows 
are present in the simulation to give rise to the fact that surfaces in shady areas 
often have a lower temperature than corresponding materials located in open 
sunlight. This phenomenon is known as shadowing.  
 
When a hot object, for instance a tank, has not been moved for a period of time, 
it gives rise to a thermal shadow in the terrain on which it stands. This is due to 
the occurrence of thermal conduction described in Chapter 2.1.2. These thermal 
shadows are, according to Mattsson, an important feature since they are used 
when tracking down targets. 
 
Overall, the influence of time of day in the simulation seems to be working 
satisfactory. The crossover moments seem reasonable and the time shift works 
in a feasible dynamic manner. However, there seems to be a need to simulate 
thermal shadows and shadowing. Implementing these features would further 
increase the training value of the simulation. 

Material Features/Properties 
The simulated environment is according to Mattsson perceived as being of a 
somewhat too digital nature. Even though the clutter helps in making the 
simulation look more natural, the borders between materials are too distinct to 
get complete similarity. The transitions need to be smoothened out in order to 
achieve a more natural look Mattsson argues. 
 
It seems the way of creating temperature deviations within materials by using 
the clutter concept described in Chapter 7.3.3 is successful in creating reality 
correlation. However, Mattsson’s comments on the simulation being too strict, 
also previously noted, even further emphasizes the conclusions of the screenshot 
analysis in Chapter 8.2.2, that a way to create smoother material transitions 
should be looked into. This is considered to decrease the digital look of the 
simulation.  

Miscellaneous 
According to Mr. Mattsson and his experiences, the infrared sensor is in reality 
mainly used during nighttime to complement the visual view. The usage during 
nighttime makes up about 90 % of the total usage.  
 
The data and work concerning the sensor simulation has mainly been 
experimented with during daytime. The largest result of this circumstance is that 
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the nightly conditions in the model should be further looked into. The physical 
and mathematical models laying the foundation for the simulation anticipate 
these kinds of environmental conditions. There is however a lack of data in this 
area; the impact of the radiation from the Moon has been neglected in the 
simplified model. The overall impact of this simplification is not easily 
established without further information. It is however of interest to keep in mind 
during further improvements and development. 

8.2.3 Comparison with an Existing Product 
A comparison with Multigen-Paradigm: Vega Prime – IR Scene has been 
conducted. The Vega Prime - IR Scene is commercial software available off-
the-shelf, that generates real-time infrared imagery of a given scene. It is a 
module available for those using Multigen-Paradigm’s Vega Prime engine for 
visualization, i.e. the equivalent of GRAPE. As base for the calculations it uses 
databases consisting of geometry, material textures, and photo textures. These 
databases together with MOSART, an atmospheric and surface temperature 
database construction tool, provide the basic data needed for the simulation 
calculations to take place.  
 
The mathematic physical model used to perform the infrared calculations is 
almost identical to the one used in the chosen solution. The reason for this 
probably being that the theory regarding radiation is rather old and well 
founded, leaving almost no room for subjective speculations.  
 
As stated earlier, the Vega Prime – IR Scene is a module available to those 
already using Multigen-Paradigm Vega Prime as the visualization software, 
resulting in that integration with GRAPE would be rather difficult. Not to 
mention the fact that the IR Scene has its own tools for providing and generating 
material classification and databases. Integration is something that is not likely 
to go smoothly, and is not a reasonable option. The parameters dynamically 
changeable during run are: observer altitude, view line-of-site (LOS) elevation, 
view LOS azimuth from light source, solar/lunar elevation, LOS range between 
viewer and polygon, and time of day. The system runs on Windows (PC), IRIX 
(SGI), and Linux (PC), and is capable of frame rates up to between 30 and 60 
Hz, depending on configuration. (MultiGen-Paradigm, 2006) 
 
The obvious benefits this software offers, compared to the one presented as the 
proposed model, are multiple platform support and performance. This software 
meets the requirements to run in real-time and also be able to run on both PC 
and SGI platforms. Regarding the foundation in physics, there is considered to 
be a draw, mostly depending on the undeniable fact that the very foundations of 
the two models rest on the same basic physical model. 
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There are however features of the chosen solution that are considered to surpass 
those of the Vega Prime solution. The requirement to integrate the infrared 
simulation with the visualization software GRAPE is hard, if not impossible, to 
achieve with the software offered by MultiGen-Paradigm. The Vega engine is 
required, making it an overall solution rather than just satisfying the need to 
simulate infrared scenery. The same is true when it comes to integration with 
DMGS. MultiGen-Paradigm offers its own database generating tools for 
generating textures and geometric environments, thus replacing some of the 
functionality offered in DMGS rather than facilitating integration.  
 
The integration with the current environment is considered to be more valuable 
than getting the frame rate up to speed. Also synchronization becomes an issue 
when dealing with external applications as well as the problem with using 
several parallel databases resulting in consistency issues. The overall evaluation 
speaks in favor of continuing the work with the feasibility study. The work and 
cost of trying to integrate two solid overall solutions for visualization and 
simulation is seemingly too high.  
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9 Discussion 
In the following section a discussion will be presented regarding; how to 
proceed with the work conducted in this thesis; unforeseen problems 
encountered during the study; possible improvements in a makeover; and 
alternative solutions. Main focus will however be on how to proceed, since this 
is considered to be an important aspect of a feasibility study. 

9.1 How to Proceed 
With the analysis in Chapter 8 as a base, we think that the chosen solution has a 
future and that it should be further tested and developed. An important part of 
the feasibility study is to present a plan for how the work should continue and 
be prioritized. The plan for this study is divided into three parts; data, 
performance, and improvements.  

9.1.1 Data 
In the test implementation conducted in this study, a limited amount of data was 
used. Therefore, it is of great interest to evaluate the model further by 
introducing more data. 

Larger Geographical Area 
In the test implementation, the geographical area used to evaluate the model was 
much smaller than the areas normally used in similar simulations. By using a 
smaller area, GRAPE might perform better than normally. This could have lead 
to a too high frame rate. In Chapter 8.1.3, the performance requirement of 5 Hz 
was said to be fulfilled. As a step to further evaluate the performance of the 
model, the model should be tested with a geographical area more representative 
to normal use. 
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More Models 
As described in Chapter 7.4.4, in order to examine how the test implementation 
handled object models, three tanks of the same model type were entered in the 
scene. The use of only one model type and only a small number of models are 
probably not enough to fully test the capabilities and limitations of the proposed 
model. In order to further examine the proposed model’s ability to handle object 
models, many different object types and a large number of models should be 
introduced. 

More Atmospheric Data 
When the atmospheric data was generated, many parameters were used to 
describe the atmosphere. In the test implementation, three different resolutions 
were used for the range parameter. This is described in Chapter 7.2.2. When 
ranges from two different range spans were present within the same scene, an 
artifact from the interpolation of atmospheric data could clearly be seen as a line 
running through the entire scene. By generating new data using the same 
resolution for all ranges, this artifact should disappear. In order to prevent 
similar artifacts concerning other parameters, each parameter should use the 
same resolution for its entire data span.  
 
During the user evaluation in the analysis, observer heights up to 20 km was 
said to be enough for atmospheric data. In the proposed model, observer heights 
up to 100 km are taken into consideration. If heights up to only 20 km are used, 
there is no need to store atmospheric data for up to 100 km. A reduction of the 
height span would result in less data and less memory consumption during the 
simulation. 
 
In this study, the end height was always set to zero when the atmospheric data 
was generated. This was done since all objects used in the scene were placed on 
the ground. However, to be able to accurately work for all scenarios, the 
atmospheric data should be generated for end heights up to at least 20 km. By 
doing this, flying objects such as aircrafts can successfully be modeled. 
 
As stated in Chapter 7.2.2 and Chapter 8.1.2, the test implementation only uses 
data for one atmospheric type, and there is no possibility of changing seasons. 
However, MODTRAN is capable of generating data for a large variety of 
atmospheric conditions, and it is quite easy to do this. As a part in the process of 
further evaluating the model, we think that atmospheric data for different 
conditions should be generated and tested with the model. 
 
In Chapter 5.3.1, the choice of leaving the direct effect of the Moon out of the 
calculations was made. Later on, Mr. Mattson revealed that the FLIR-camera is 
used mostly during nighttime and due to this, the effect of radiation from the 
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Moon should be further examined. The data needed for including radiation from 
the Moon in the calculations can be acquired from MODTRAN. 

9.1.2 Performance 
The frame rate of the test implementation is as stated in Chapter 8.1.3 between 
five and seven frames per second. Although this is enough to fulfill the 
performance requirement, it still needs to be improved in order to meet the 
future requirement of real-time performance. As described in Chapter 8.2.1, the 
performance of test implementation is the main drawback compared to the 
existing model. To achieve real-time performance, a plan divided into the four 
steps implementation technique, optimization, hardware, and clean-up is 
presented below. Depending on the results of the individual steps, not all steps 
of the plan might be necessary to carry out. Also, by increasing the 
performance, some of the simplifications introduced in Chapter 5.3 might not be 
necessary. 

Implementation Technique 
In the test implementation, all calculations are being performed by one single 
CPU.  
The computer on which the test implementation has been implemented has two 
CPUs and a state of the art graphics card. The first step aims towards taking 
advantage of this hardware. 

Shaders 
During the final part of the implementation process, shaders emerged as the 
obvious next step to achieve better performance. 
 
A shader is a computer program designed to run on the graphics card. By 
allowing a shader to be executed on the graphics card, the parallel architecture 
of the graphics card can be utilized. There are two types of shaders; vertex and 
fragment. For this simulation, the most interesting shader is probably the 
fragment shader. A fragment shader handles pixel specific operations and 
calculates the color value of the pixel. The fragment shader is applied for each 
pixel in the scene. 
 
By using shaders, some calculations can be computed using the graphics card 
instead of using the CPU. This would lead to a lighter load for the CPU, and 
thereby the frame rate would increase. It is uncertain how many of the 
calculations that can be transferred to the graphics card, but by further studying 
how shaders can be used with the chosen model, one should get a better 
understanding of exactly how the simulation can be adapted to using shaders. 



 
 
Dynamic Infrared Simulation 
 
 
 
 

 
84 
 
 

Multiple CPUs 
As stated earlier, the computer used while implementing the model has two 
CPUs. The implementation does however not take advantage of this fact. The 
possibility to utilize both CPUs should at an early stage be taken into 
consideration during the process of increasing performance. It might be possible 
to use shaders and at the same time effectively utilize both CPUs.  

Optimization 
The focus of this study has been to successfully develop and test a model for 
infrared simulation. During the implementation process, no great efforts have 
been made to ensure that the calculations are being performed in an as 
optimized manner as possible. Due to this, we feel that the natural step would be 
to examine the implementation and try identifying calculations that might be 
able to be optimized. 

Hardware 
The computer on which the test implementation has been running has a 
relatively high performance. There are however computers with even higher 
performance on the market. If the test implementation would be tested and 
evaluated on a top-of-the-line computer, the increase in performance might be 
enough to satisfy real-time requirements. Even though it can be quite expensive 
to invest in newer and better hardware we think that this should be done before 
the clean-up step described below. 

Clean-up 
All of the parts included in the proposed model affect the final simulated image. 
There might however be parts which affect the final image to a very small 
extent. At this point, if the performance is not high enough, one should consider 
examining all the influencing parts and determine whether one or more can be 
removed without affecting the result too much. 

9.1.3 Improvements 
When the performance of the test implementation has reached a satisfactory 
level, new improvements can be introduced in the simulation. The 
improvements described below have been prioritized both with training value 
and the effort needed for implementation in mind. The improvement first listed 
is the one we think should be implemented first, and the one mentioned last 
should be implemented last. The list of improvements has been composed with 
the analysis in Chapter 8 as a base. 

Sky Model 
In order to fully simulate the environment, the sky should be included in the 
simulation. This should probably be rather easy to do, and it would give the 
simulation a better overall impression. When implementing the sky, radiance 
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data generated by MODTRAN can be used to calculate the final detected 
radiance. As stated in Chapter 8.2.1, the absence of the sky in the proposed 
model is one of the drawbacks of the compared to the existing model. By 
introducing the sky in the simulation, this drawback would disappear. 

More Sensor Parameters 
In this study, the only sensor parameter taken into consideration is the sensor 
response. To further improve the simulation of the sensor, internal sensor noise, 
a more correct AGC, and optical transmission should be included. The main 
reason for not including these parameters in this study is that no information 
about them has been found. There might however be documents describing 
these parameters that we have not had access to. The internal sensor noise and 
optical transmission is included in the mathematical model, and if information 
can be found, it should be quite simple to implement these parameters.  

Smoother Inter-material Transitions 
As mentioned in the user evaluation in Chapter 8.2.2, the borders between 
materials are often too distinct in the simulation. This problem could probably 
be handled in a number of ways. First of all, no filters are used in the 
simulation. By for example adding a Gaussian filter in the post processing, 
smoother transitions between the materials would be achieved. One could also 
introduce the transition at an earlier stage in the simulation. For example, one 
possible solution is to let some specified areas consist of two materials and 
somehow describe how much of each material the area consists of. By doing 
this, the two materials could be used in the calculations and their summarized 
effect would create a gradient in the area. 
 
We think that by implementing smoother inter-material transitions, the training 
value of the simulation would increase, and every reasonable step towards this 
should be taken. 

Possibility to Dynamically Change Season and Weather Conditions 
There is at this point no possibility to change season and weather conditions in 
the simulation. There is however material data from the MSI39 project and 
atmospheric data from MODTRAN available to support such a possibility to be 
implemented. As mentioned in Chapter 8.1.2, we think that it is quite easy to 
implement this feature since the overall support already is available.  
 
In Chapter 5.4.2, the capability of MODTRAN to produce atmospheric data for 
weather conditions including parameters such as rain and wind was mentioned. 
The presence of rain can greatly decrease the atmospheric transmission. From a 
training perspective, it would be of interest to be able to show how the 
atmospheric transmission can change for different conditions. 



 
 
Dynamic Infrared Simulation 
 
 
 
 

 
86 
 
 

Dynamics in Weather Conditions 
In the user evaluation, Mr. Mattsson pointed out that the weather conditions 
were too homogenous. This is interesting, since we have not had any real notion 
of whether the influence of the atmosphere was reasonable. 
 
There are several different ways to introduce inhomogeneities of the atmosphere 
in the simulation. One would be to allow local variations in the weather, such as 
rain and clouds, to occur. By making use of local variations, the atmosphere 
would be more dynamic, and would probably feel less homogenous. MODTRAN 
is capable of producing data for both rainy and cloudy weather conditions. 
 
Another possibility would be to use more than one atmospheric composition 
within the same simulation. For example, when flying over urban, maritime, and 
rural areas, different suitable atmospheric compositions could be used. This 
would lead to the atmosphere having a less homogenous feeling, and thereby 
certain desirable features unveiled during the user evaluation would partly be 
met. The data needed for such a scenario could easily be generated using 
MODTRAN. 
 
Another way to introduce inhomogeneities of the atmosphere into the simulation 
would be to include atmospheric turbulence. Turbulence has as stated in 
Chapter 5.3.1 been left out of the simulation due to its very complex and 
stochastic nature. If one could find a way to model the turbulence in a 
reasonable manner it would be worth a further investigation. It is however 
uncertain how the turbulence would fit into the model. 
 
By introducing a less homogenous atmosphere, the simulation would better 
reflect the real world and the training value would be enhanced. Exactly how the 
proposals should be implemented is beyond our knowledge, but by further 
examining them we think that it can be done. 

Shadowing and Thermal Shadow 
During the interview with Mr. Mattsson, he identified the lack of shadowing and 
thermal shadows as two drawbacks when talking about infrared characteristics. 
These phenomena are very obvious characteristics of infrared imagery in the 
real world. We feel that with Mr. Mattsson’s statement as a basis, it is important 
to strive for an implementation of these effects. 
 
Shadowing occur when certain areas are in shade from the Sun. The absence of 
direct sunlight leads to a cooler temperature of the material. Currently, the test 
implementation does not take any respect to shadowing and during the day, all 
areas and surfaces are considered to be lit by sunlight. 
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The phenomenon of thermal shadows arises due to thermal conduction. When 
objects move through the terrain, heat is exchanged, and the object leaves a trail 
in the terrain. In order to introduce physically correct thermal shadows in the 
model, thermal conduction should be modeled. The need for keeping track of 
history is apparent, since it is the historical events that give rise to thermal 
shadows in the first place. Data wise, some sort of interpolation between the 
temperature or blackbody radiance curves of the interacting materials should 
probably be done.  

Dynamic Heat Models 
Dynamic heat models have not been explicitly mentioned this far in this thesis. 
A dynamic heat model is a model with an internal heat source. The temperature 
of the model depends on how long the internal heat source has been active. An 
example of a model with an internal heat source is the tank model used in the 
simulation. 
 
To properly include dynamic heat models in the simulation, thermal conduction 
should be introduced. This would probably be done in a similar manner as for 
heat shadowing. 
 
We think that the introduction of dynamic heat models would enhance the 
correctness of the simulation.  

Miscellaneous 
In the process of creating temperature deviations within materials, the only 
material handled separately from others is water. The reason for this is as stated 
in Chapter 7.4.3 the quality of the aerial/satellite photos used as the deviation 
source. It might therefore be of interest to find an alternative source for 
temperature deviations within water areas. 
 
In the reflection calculations, no consideration has been taken to the orientation 
of surfaces. To more accurately handle the reflections, the orientation should be 
included in the calculations. 
 
There is a benefit of the proposed model that is not related to the initial 
requirements, but still serves a purpose and thought to be beneficial to future 
work with the prototype. So far, only the red and green channels of the textures 
are used to store information needed during simulation. If, in the future, 
additional information suitable to be stored in textures is needed to be taken into 
account, the blue and alpha channels are available. Also, if this additional 
information is extensive, multi texturing can be used, that is, applying more than 
one texture to the same polygon. This would even further increase the amount of 
available space for saving information.  
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9.2 Encountered Problems 
During the course of the feasibility study, a couple of problems have arisen. 
Some have been dealt with while others remain unsolved. 

9.2.1 Bit Depth of Textures 
When the stand-alone implementation was completed, the model was integrated 
with GRAPE. This transition resulted in a problem regarding the loading of 
textures. In the stand-alone application, the textures were loaded using eight bits 
for each channel, resulting in 32 bits per pixel. When loading textures, GRAPE 
uses attribute files to retrieve settings for the textures. During the generation of 
the attribute files, the setting “default” was chosen for bit depth. When loaded in 
GRAPE, this resulted in the red, green, and blue channels having only five bits 
and the alpha channel only one bit. That is, only 16 bits were used for each 
pixel. The three least significant bits of the red, green, and blue channels were 
therefore all set to zero in the texture loading process. This means that all 
materials having indexes from zero to seven ended up having a material index 
of zero. Additionally, all indexes above seven were offset. Until the source of 
this error was identified, and the bit depth set to eight bits per channel, the 
model produced incorrect images. 

9.2.2 Aliasing and Pixelation Effects 
The screenshot technique used to gather information about the scene requires 
unaltered textures in order to work. In the simulation of the visual world, as a 
step to reduce pixelation and aliasing effects, texture filters are used to create 
smoother looking textures. In the visual case, the textures are only used for 
visualization purposes, and therefore texture filters are a nice feature to use. In 
the screenshot technique however, the usage of texture filters would scramble 
the contents of the textures and make the stored information useless. 
Additionally, no filters are added in the post processing phase of the simulation.  
 
As a result, the resolution of the aerial/satellite photos used as clutter becomes 
an issue. If the resolution is not high enough, individual pixels can take up 
significantly large areas, and the presented image will appear pixelated. This is 
especially obvious when zooming in from a relatively close distance. The 
pixelation should however mostly affect the terrain, since the textures of 
modeled objects often have a higher resolution. 
 
Furthermore, the lack of filters also results in a very digital looking image with 
very distinct and sharp edges. This is highly unwanted, since it is a deviation 
from how infrared imagery looks in reality. 
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In Chapter 7.4.4, the use of information from multiple frames to reduce 
flickering was described. One positive side effect of using multiple frames in 
this manner is that it also reduces the visible effects of aliasing. Before this 
procedure was introduced, the aliasing effects were more prominent. In our 
opinion, the reduction of aliasing effects lead to a higher training value. 

9.3 Improvements in a Makeover 
Overall, we are quite satisfied with how the work of this feasibility study has 
been conducted. However, when looking back, there are some obvious things 
that we feel could have been done in a slightly different manner. These 
improvements are presented below. 

9.3.1 End User Communication 
The interview with Mr. Mattson was performed during the end phase of the 
feasibility study. During the interview, he described how pilots made use of the 
infrared imagery and what characteristics they looked for in an infrared image. 
He pointed out certain infrared characteristics that were of importance for the 
training value. In retrospect, it seems like we might have been concentrating too 
much on having a physically correct model, thereby to some extent diverting 
focus from the training value perspective. 
 
This, in our opinion implies that we should have spoken to Mr. Mattsson or 
other end users at an earlier stage. By doing so, we might have been able to 
eliminate the shift in focus. It is possible that we thereby could have achieved an 
even higher training value in our solution. 

9.3.2 Documentation 
The documentation of this thesis has not fully been conducted parallel to the 
work carried out at Saab. The theoretical base was written quite early on, but 
rather little was documented during the implementation. When we eventually 
started documenting, the negative aspect of this manner became obvious. Some 
parts that could have been authored quite fast took longer to finish later on due 
to recollection issues. We do however not feel that anything has been 
overlooked by this course of action; only that the final documentation process 
could have been more efficiently conducted.  

9.4 Alternative Solutions 
During the designing and implementation phases of this thesis, i.e. after 
deciding on the proposed solution, no obvious alternative solution came to our 
minds. It is interesting to in retrospect contemplate on what the reason for this 
might be. It might be the case that the two solutions presented in the thesis are 
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the only solutions possible for satisfying this specific problem. This is however 
very unlikely. It is, to be honest, more likely that the proposed solution has been 
considered so good in the eyes of the creators, that other ways of thinking were 
unconsciously cast aside. It is also not possible to eliminate the risk that group 
thinking has occasionally been occurring during the course of this thesis. 
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10 Conclusions 
During the course of writing this thesis, the initial objective as well as the 
problem descriptions aiming to meet this objective, have been in focus. The 
method and the results thereof have been described and analyzed, and a 
discussion concerning work conducted and to come has been presented. The 
conclusions of the thesis as a whole, and the problem descriptions in specific, 
will follow below. 
 
The objective of this thesis was as mentioned in the introduction to conduct a 
feasibility study and test implementation of real-time rendering of infrared 
simulation satisfactory for pilot training purposes. The simulation was to be 
based on a real-world physical model of the properties and behavior of infrared 
radiation. The physical model was further supposed to depend on several 
environmental properties and parameters, which in turn were required to be able 
to be dynamically changed during operation.  
 
The overall objective is concluded to have been completed. A feasibility study 
and test implementation of infrared simulation meant for real-time rendering has 
been conducted; the implementation is described in detail in Chapter 7. 
Furthermore, a plan on how to proceed to achieve the future goal of real-time 
rendering has been provided in Chapter 9 as requested. The model has its 
foundation in the physics theoretically described in Chapters 2 and 3, with 
simplifications made, described in Chapter 5, in order to meet the requirements 
described in Chapter 5.1. The parameters affecting infrared radiation are 
identified in Chapter 2. Below, a more thorough presentation of the specific 
conclusions will follow. 
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10.1 Requirements 
The requirements identified for the model and whether they are considered to 
have been fulfilled or not are presented in the following section. 

• The foundation in physics has, as stated previously, been fulfilled, 
however with the simplifications described in Chapter 5.3 made to the 
model. 

• The documentation is, upon finishing this thesis, considered to be 
fulfilled. The documentation will serve as a starting point for future 
work. 

• The model and chosen solution is considered to have been evaluated. 
Further conclusions from the evaluation will follow later in this chapter. 

• The requirement to be able to dynamically change attributes has been 
met. From the list of attributes desired to be dynamically changeable, 
some have been implemented and tested/evaluated, while some are yet 
to be implemented. This is shown in Table 2 below. They have all 
however been considered and taken into consideration throughout the 
entire working process.  

Table 2 Dynamically changeable attributes        

Implemented Not yet implemented 
Time of Day Seasons 

Day of Year Weather/Climate 
Conditions 

  
Even though Weather/Climate Conditions are considered not 
dynamically implemented, it is still possible to change these manually as 
described in Chapter 8.1.2. 

• The model is expandable, as described in Chapter 8.1.2, with regard to 
new models, new materials, new terrain types, new atmospheric 
compositions and new geographical areas. 

• The test implemented simulation is running at the required resolution of 
640x480 pixels. 

• The test implementation does not support multiple platforms. It is only 
possible to run the simulation on a PC in a Linux environment. 

• The performance of the system has met the required 5 Hz, and has been 
managed to run at 5-7 Hz. A plan of how to reach for the future goal of 
real-time performance has however been presented in Chapter 9. 

• The infrared simulation has been integrated with the current 
environment. The terrain generation used as a base and source of 
information for the simulation is done primarily by DMGS, while the 
actual simulation and visualization is done by GRAPE, where all 
dynamic parameters can be altered. 
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10.2 The Evaluation 
The evaluation of the model is considered to have been quite successful. The 
main conclusions are presented below, divided into sections in accordance with 
the evaluation process. 

10.2.1 Comparison with Existing Model  
The most important conclusions gathered from the comparison with the existing 
model are listed below. These point out benefits as well as drawbacks of the 
proposed model compared to the already existing one. 
 

• The proposed model has, as stated above, the ability to dynamically 
change attributes; the existing model does not offer this feature. 

• The test implementation of the proposed model is better integrated with 
the current environment than the existing model. 

• The models are considered to be on almost the same level regarding 
physical correctness. The proposed model does however account for 
reflections more accurately. 

• The test implementation cannot compete with the existing model when it 
comes to performance; the existing model manages to perform in real-
time. 

10.2.2 Comparison with Reality  
The comparison with reality resulted in the following list of conclusions. 
 

• The temperature correlation between simulated materials is feasible 
since it seems to be in accordance with reality. 

• The simulation is perceived as being of a too digital nature. The 
transitions between materials are for example not smooth enough, thus 
creating rather sharp edges between different materials. Another 
contributing factor is the lack of effect from sensor noise. The simulation 
is too crisp; the result needs to be smudged out.  

• The magnitude of the effect the atmosphere has on the propagated 
radiance should be further examined and evaluated. The influence of the 
atmosphere is perceived as being too homogenous. 

• Additional high resolution atmospheric data is needed up to 70 km of 
distance. 

• No heat trails of moving objects appear in the scene. Materials do not 
exchange heat with the surrounding, thus eliminating the effect of 
thermal shadows seen in reality. 

• There is no shadowing present in the simulation, resulting in that objects 
situated in direct sunlight have the same temperature as those located in 
shady areas. 
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• The thermal crossover moments present in the simulation are similar to 
those found in reality. 

• The influences of dynamic time of day changes seem feasible. 
• No impact of radiation from the Moon. Since the infrared sensor is used 

mainly during nighttime, the impact of this flaw should be examined. 

10.2.3 Comparison with an Existing Product 
The comparison with Multigen-Paradigm: Vega Prime – IR Scene resulted in 
drawbacks and benefits with both solutions. A list of conclusions is presented 
below. 
 

• The overall conclusion is that Vega Prime – IR Scene is not a viable 
alternative with regard to the stated requirements.  

• Integration with the current environment would be rather hard, if not 
impossible, since the IR Scene requires the user to use Vega Prime as the 
visualization software. The IR Scene furthermore uses its own separate 
application for generating terrain databases. 

• The IR Scene can, unlike the proposed model, perform in real-time and 
run on multiple platforms, SGI as well as PC. 

10.3 Answers 
In order to fully treat the problem description presented in Chapter 1, the 
questions are answered with the previous conclusions as a base. 
 
How can the model be “Physically correct”? 
By conducting a thorough literature study where well known theory is studied, 
the model can be said to be physically correct. Such a literature study has been 
conducted and the result is presented in Chapters 2 and 3.  
 
What parameters affect infrared radiation? 
There are several parameters affecting infrared radiation before it reaches the 
sensor. The most important parameters are presented in the literature study in 
Chapter 2, and can be divided into three groups; atmospheric, material, and 
sensor. 

• Transmission 
• Absorption 
• Emission 
• Reflection/Scattering 
• Conduction 
• Convection 
• Turbulence 
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• Path radiance 
• Sensor characteristics 

 
Which requirements are present regarding; performance, properties, 
settings, and dynamics? 
The requirements of the model are presented in Chapter 5.1. Some are inherited 
from the existing model while others are a result of the drawbacks from the 
same. The requirements are divided into three groups; general, usability, and 
system.  

• Foundation is physics 
• Documentation 
• Evaluation 
• Dynamically changeable attributes 
• Expandability 
• Resolution 
• Platform architecture 
• Performance 
• Integration with current environment 

 
Are there limitations that make some of these requirements difficult to 
meet? 
There are many possible limitations that could affect the result in a negative 
way. The identified limitations are presented in detail in Chapter 5.2, and the list 
is as follows. 

• Platform architecture 
• CPU performance 
• Memory 
• Graphic card performance 
• Access to information concerning the sensor 
• Availability of good data 
• Time limit 
• Knowledge 

 
How can the model be evaluated? 
By comparing the model with the existing model, other products and reality, a 
reasonable evaluation is achieved. Additionally, by having a good discussion 
with a pilot, the training value aspect is covered. The evaluation of the model is 
presented in Chapter 8.2.  
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How does the model compare to other products or solutions? 
The chosen model offers key functionality and improvements not present in the 
existing model. However, the performance of the existing model is better than in 
the chosen model.  
 
When comparing with Multigen-Paradigm: Vega Prime – IR Scene, the chosen 
model is much easier to integrate it with the current image generating system. 
The model already takes advantage of functionality within present in the current 
environment. Vega Prime does however perform in real-time and offers a 
solution both for PC and SGI.  
 
At the moment, the main drawback of the chosen solution is performance, but 
we feel that by following the plan presented in Chapter 9.1, the performance can 
easily reach the same level as other models. 
 
How does the model compare to reality, according to users? 
The main comments are about infrared characteristics. Characteristics apparent 
in infrared imagery are a very important aspect of the training, and some 
characteristics are present in the model, while others are not. Furthermore, the 
simulation is perceived as having a too digital look with sharp edges between 
materials in the scene. Overall, users think that the model produces a better 
result than the existing model. 
 
Is there a future potential in the solution? 
We feel that the model presented in this feasibility study should be further 
developed and used as the model for infrared simulation. The plan on how to 
proceed presented in Chapter 9.1 offers a good guideline for how to continue the 
work. 
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Appendix A  
Intervju med Rickard Mattsson (2006-09-07), Testpilot vid Verifierings- och 
Valideringscentrum (VoVC) – FMV 
 

1. Vad är ditt helhetsintryck? 
För homogena och standardiserade väderförhållanden. Under min tid har 
jag aldrig upplevt ett standarddygn. Det är viktigt att kunna påvisa vilka 
skillnader som finns mellan CCD-kamera och IR-kamera, vilket gör 
dynamiken viktig. Det tycker jag simuleringen lyckas med. Jag tycker att 
det ser ut som en mycket bra start och att det är något som Saab borde 
fortsätta att utveckla. 
 

2. Hur känns gråskalorna i bilden? 
a. AGC/Stretch 

Svårt att säga, men de erfarenheter jag har från Gripen är att om 
det kommer in något som är extremt varmt, så blir omgivningen 
mycket svartare. Detta är speciellt tydligt om det är områden som 
blir extremt varma, exempelvis vid explosioner och bränder. 
 
Behandling av signalen i Gripen gör vidare att man kan välja att 
ställa in exempelvis om man vill fokusera och öka 
noggrannheten kring centrum av bilden, eller om man ska ha 
samma i hela bilden. 
 

b. Kontrast i terräng? 
Väldigt skarpa kontraster mellan olika material i den simulerade 
bilden, verkligheten är inte lika skarp. Mer mjuka övergångar 
mellan de olika materialen. Detta beror även på 
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väderförhållanden. Ibland är övergångarna mjukare och ibland 
hårdare. 
 

3. Hur upplever du atmosfärens inverkan? 
Atmosfären är aldrig helt homogen. Något för liten atmosfärisk 
inverkan, den är inte lika tydlig som i verkligheten. Dock kan det vara 
svårt att avgöra på dessa ganska korta avståndsförhållanden. I 
verkligheten är det mindre skillnad inom bilden med avseende på 
atmosfärens inverkan när man zoomar in till en mindre FOV än när man 
har den större FOV:en. 
 

4. Hur förhåller sig materialen till varandra? 
Det är svårt att säga generellt. Om jag sätter mig och kollar på en riktig 
IR-bild så kan jag inte säga att det ena är ett rapsfält och det andra en 
åker, men det är viktigt att man kan skilja de olika områdena åt. Det är 
alltså viktigare att kunna se skillnader mellan områden, än hur 
skillnaderna faktiskt yttrar sig. Det är viktigare att man kan se skillnader 
än att simuleringen är 100 % fysikaliskt korrekt. 
 

a. Stämmer förändringarna i kontrast/intensitet med tid på 
dygn?  
Det finns tider på dygnet då det är svårt att urskilja vad som är 
vad, eftersom temperaturförhållandena är samma i stora delar av 
bilden. Sådana tider på dygnet kunde hittas i simuleringen, vilket 
är viktigt för att man ska kunna visa på sådana effekter för dem 
som tränar. Vissa tider på dygnet kanske inte lämpar sig till att 
flyga vissa uppdrag på grund av att mål, exempelvis broar mot 
vatten, blir svåra att urskilja. Det var även bra dynamik i 
händelseförloppet när tid på dygn ändras. 
 

5. Hur vanligt är det med effekter från spekulär reflektion? 
a. Hur ofta uppträder de? Hur tydiga är de? 

Inget jag direkt tänkt på. I 90 % av fallen är det mörkt ute när jag 
använder IR-sensorn. Men det är klart att man ser att det lever i 
vatten och så. Inte enskilda vågor, men de stora rörelserna bidrar 
till att bilden blir levande. 
 

b. Hur stort träningsvärde skulle det ha? 
Kan inte direkt svara på det, men det skulle leda till att bilden 
upplevs mer levande. 
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6. Hur upplever du skillnaderna inom materialen? 
a. Klotter on/off 

Bättre med klotter än utan, det gör att bilden känns mer naturlig. 
 

b. Koppling visuellt/IR 
En bra dag med perfekta förhållanden så skiljer det inte så 
mycket mellan CCD och IR. Men så länge det är bra ljus så 
använder jag CCD. 
 

7. Hur skulle du prioritera dynamisk funktionalitet, tid på dygn, dag 
på år, väderförhållanden? 
 
1. Tid på dygn. 
2. Väderförhållanden. 
3. Dag på år. 
 
Tid på dygn ser jag som ett krav att man ska kunna ändra för att kunna 
visa på vilka skillnader som råder vid användandet av en IR-kamera vid 
olika tidpunkter. Man vill ofta undersöka olika tider på dygnet inför ett 
uppdrag för att visa på hur vissa saker syns tydligare vid vissa tidpunkter 
och för att visa när det är lämpligt att använda IR och inte.  
 
Väderförhållanden kommer på andraplats för att kunna visa hur olika 
väder påverkar olika faktorer i bilden. Det kan ju tänkas att vädret slår 
om inför ett uppdrag och då är det bra att vara förberedd på hur det 
kommer att påverka IR-bilden som man kommer att se. 
 
Dag på år kommer definitivt på tredjeplats. Det vore intressant att 
dynamiskt kunna ändra dag på år för att kunna visa på skillnader, men 
det är inte så ofta som det skiftar så kraftigt inför ett uppdrag. Det är 
även ganska typiskt för just Sverige att ha så stora skillnader mellan de 
olika årstiderna, så inför internationella uppdrag kan det spela mindre 
roll. 
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8. Vad kan förbättras?/Vad saknas? (för förhöjt träningsvärde) 
Möjlighet att ställa in max/min värde för vit/svart-kalibrering, samt 
tröskelvärde. 
 
Det vore bra om det fanns en liten ratt som instruktören kunde skruva på 
för att ändra väderförhållanden, t.ex. mängden regn, dynamiskt med 
omedelbar inverkan. Detta för att kunna visa på hur olika förhållanden 
gör att exempelvis avståndsinverkan radikalt ändras. 
 
Skuggor är viktiga för temperaturskillnader och historik har ett 
pedagogiskt värde. Ena sidan av ett hus kan ha varit solbelyst under en 
längre tid och se helt normalt ut i CCD-läge, men vara extremt mycket 
varmare när man slår över till IR-läge. Detta är även intressant för att se 
om det exempelvis, tills för ett tag sen, stått ett flygplan på platsen. 
 
Bilden får gärna göras mindre digital, det är för skarpa gränser just nu. 
 
Det vore bra med något slumpmässigt genererade variationer i vädret, då 
väderförhållandena inte är så homogena som i denna simulering. Det 
finns alltid någon typ av partiklar i luften.  
 

9. Det kryper i bilden, hur känns det? 
a. Mål 

Jag känner igen fenomenet att saker gömmer sig mellan pixlar 
från radar, men vet inte hur det är med IR-kameran. 
 

10. Vad skulle du vilja vara längsta avstånd/höjd som simuleringen 
fungerar för? 
Avstånd upp till åtminstone 60-70 km, höjder upp till 10 - 20 km är fullt 
tillräckligt. Under normala flygningar ligger man på medelhöjd, vilket är 
på ca 5-6 km höjd. Detta för att undvika handburna eldvapen som kan 
skada flygplanet. 
 

11. Övrigt 
Det är slutinterfacet som är begränsande för bildens kvalité i Gripen, inte 
sensorn i sig, dvs. hur bra upplösning och hur stor skärmen är inne i 
cockpiten. Det märks extra tydligt när man har WFOV, då kanske del av 
bilden upplevs suddig och man kan bara urskilja att det är något på en 
del av skärmen som är varmt, sedan får man zooma in på den delen för 
att få en bättre bild av vad det är man tittar på. 
 
I simulatorn är det ca 95 % av fallen metodik, handhavande och process 
som övas. Detta gör att det är av stor vikt att kontroller och känslan när 
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man använder IR-sensorn är riktigt, snarare än att bilden är 100 % 
fysikaliskt korrekt. 
 
Det är mycket viktigt, ur ett träningsperspektiv, att man kan visa på och 
få piloterna att förstå skillnaden mellan CCD- och IR-kamera. Detta för 
att exempelvis kunna visa på under vilka förhållanden IR fungerar men 
inte CCD. 
 
De gånger det kan vara intressant att använda IR på dagen är exempelvis 
om någon har kamouflerat sig visuellt, för att på så vis upptäcka deras 
värmesignatur. Ett annat fall skulle kunna vara om man skjutit mot ett 
mål och vill undersöka om träffen var effektiv. Om man exempelvis 
skjuter mot en bränsledepå kan man slå på IR efter några sekunder för att 
se hur värmen sprider sig i bilden. Gör den det så vet man att det var en 
lyckad träff. 
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Appendix B 
Below follows some additional screenshots from the test implementation 
integrated with GRAPE and DMGS. 
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På svenska 
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