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The mix of regular sport production and new digital techniques can give the audience a more spectacular
viewing experience. Nowadays, for example, commercial banners can be virtually added onto the
arenas, and statistical information, such as shot speed in soccer games, lengths in athletics and yards in
American football, can be calculated and visualized during the events. A dream scenario for many sport
producers would be to have a virtual camera system that can give a free viewpoint of the events
delivered in real-time. A virtual camera system can render a new viewpoint of the scenery using only
existing image material as input. This kind of system would be able to produce more spectacular images
and give the audience a clearer view of the events taking place.

The purpose with this thesis work is to investigate whether Image Based Rendering techniques can be
used to produce such a system and what the difficulties and the restrictions from the broadcasting
techniques are. Based on a theoretical background and interviews with Swedish sport producers a
software system for the virtual camera was designed. This system was then evaluated based on three
tests performed. At the moment the system is unable to fulfil all of the requests set up by the producers.
An important part of the work has therefore been to make suggestions on further improvements that can
increase the system performance.
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 I

ABSTRACT 

The mix of regular sport production and new digital techniques can give the 
audience a more spectacular viewing experience. Nowadays, for example, 
commercial banners can be virtually added onto the arenas, and statistical 
information, such as shot speed in soccer games, lengths in athletics and yards 
in American football, can be calculated and visualized during the events. A 
dream scenario for many sport producers would be to have a virtual camera 
system that can give a free viewpoint of the events delivered in real-time. A 
virtual camera system can render a new viewpoint of the scenery using only 
existing image material as input. This kind of system would be able to produce 
more spectacular images and give the audience a clearer view of the events 
taking place. 
 
The purpose with this thesis work is to investigate whether Image Based 
Rendering techniques can be used to produce such a system and what the 
difficulties and the restrictions from the broadcasting techniques are. Based on 
a theoretical background and interviews with Swedish sport producers a 
software system for the virtual camera was designed. This system was then 
evaluated based on three tests performed. At the moment the system is unable 
to fulfil all of the requests set up by the producers. An important part of the 
work has therefore been to make suggestions on further improvements that 
can increase the system performance. 
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1 INTRODUCTION 

This report is a part of a master thesis in Media Technology conducted at the 
Department of Science and Technology (ITN) at Linköping Institute of 
Technology. The project was a collaboration between ITN, Film i Väst (a 
regional resource and production centre for film located in Trollhättan) and 
Filmpoint Communication AB (a Swedish production company located in 
Gothenburg). The master thesis comprises 20 points and was carried out from 
June until December 2005. 

1.1 Background 

In the last years, the television-market in Sweden has expanded a lot. The 
digital techniques have made it possible to launch new channels every year. 
When it comes to the new era of soccer television the broadcasting 
technologies and financial resources have been developed. The television 
companies fight to get exclusive league-contracts, but also the production 
companies fight to get the rights to produce the events. In this competition 
price is one major factor but technology and quality are other important parts. 
Nowadays it is common to see commercial banners virtually added onto the 
grass and information such as shot speed and free-kick distances can be 
calculated and visualized.  
 
A dream scenario for many sport producers would be to have a camera system 
that could show the game from any angle. In the Italian Serie A a camera 
hanging over the field in large cables has been used. Another approach that 
could be easier to include in the productions could be a virtual camera system. 
A virtual camera system is a system that can render new images from a set of 
images. This set of images is produced by a number of ordinary cameras, 
which can be easier to set up and use than a large cable system. 
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1.2 Problem description 

Today no commercial free-viewpoint system for sport production exists on the 
Swedish market. There are attempts to produce such a system but so far no 
one has succeeded. Why is that? What are the difficulties with such a system 
and how can the difficulties be overcome? These questions were the starting 
point for this master thesis put together by Film i Väst, Filmpoint and ITN. 
 
The purpose with the master thesis is to investigate how Image Based 
Rendering techniques could be implemented to construct a virtual camera 
system for sport production broadcasted on television. One main focus area is 
to find difficulties and bottlenecks with the use of this kind of techniques in a 
sport production system. Other questions to be investigated are whether it is 
possible to produce a system that can be run in real-time and at what quality 
the images can be produced. Since the system has to be fitted into the pipeline 
of sport productions it is important to listen to the wishes and demands from 
producers and other people in the trade. This concerns things like the number 
of cameras that are to be used, how the system is to be controlled, how 
expensive the system can be in terms of money, manpower and time, how 
much extra equipment that can be provided to the production, etc. 

1.2.1 Objectives 

There are two main objectives in this project: 
 
• To review existing techniques and evaluate, with the requests laid out by 

the sport producers, whether they are appropriate to use for the 
construction of a virtual camera system. 

 
• To implement the most suitable techniques in the construction of a virtual 

camera system and with this implementation evaluate the system to find 
out what the difficulties and problems with such a system are. 

 
The goal with the implementation is not to produce a virtual camera system 
ready to be launched on the market. The aim is to practically test an Image 
Based Rendering approach and find out what the difficulties with this method 
are. A discussion concerning future work will be of great importance for the 
project. 

1.3 Method 

The master thesis can briefly be divided into four parts consisting of a 
literature review, interviews with Swedish sport producers, an implementation 
phase and last evaluation of the work.  
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1.3.1 Literature review 

In the beginning of the project a literature review was carried out. Related 
literature was mainly collected from the two scientific databases ACM and 
IEEE. The searches were primarily oriented to scientific papers concerning 
Image Based Rendering and soccer. The gathered related work was studied and 
compared to find the most appropriate methods to be used for the 
implementation. Different approaches such as hardware techniques were also 
considered. To get information about the sport production industry the 
Internet and interviews with Swedish sport producers have been the main 
source.  

1.3.2 Interviews 

To be able to really understand what the market was interested in three 
Swedish sport production companies were contacted for questioning. The first 
one was Filmpoint located in Gothenburg. The meeting was held during 
Swedish Match Cup in Marstrand so that a better understanding of live sport 
production could be given. The second meeting was with Spekti located in 
Nacka. The meeting was held in Borås during the soccer match between 
Elfsborg IF and IFK Göteborg so that the work during live soccer production 
for television could be studied. Last a questioning by mail was carried out with 
Mikael Pettersson at Timeline Production located in Bålsta. 

1.3.3 Implementation 

The implementation phase was the most time consuming part of the project. A 
system pipeline was constructed so that an overall view of the system structure 
could be given. The different parts of the project were split up into smaller 
pieces giving the opportunity to work on different areas of the system 
simultaneously. The programming was done with C++ and OpenGL. 

1.3.4 Evaluation 

To evaluate the system three larger tests have been conducted. One of those 
consisted of a 3D scenery produced in 3D Studio Max. The other two 
consisted of filmed material shot with three DV cameras in a soccer arena. 
With these experiments the produced software has been tested to see if it 
measures up to the requests that were collected during the interviews. 

1.4 Limitations 

Due to the limited time schedule this thesis was narrowed down from handling 
sport events in general to focusing on large arena sports like soccer and 
American football. This because these kinds of sports have good conditions to 
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work with (the matches are played on a large grass field), a lot of research has 
been conducted in the area and because these sports are very popular a lot of 
money are invested in their productions making them suitable for advanced 
techniques. 
 
There has been no opportunity to test the system on real footage from a soccer 
or American football match. Instead self-produced material has been used and 
therefore the filmed tests have been limited to contain only statically filmed 
material. The focus has been to try to segment moving persons in real-time and 
therefore segmentation of, for instance, a moving ball has been neglected. 
 
For the system to work in a real production pipeline it has to fit into the 
production chain. This means that the system has to be compatible to the 
formats used in the productions. For now the implementation only works with 
a Targa sequence as input and output. Therefore a converter from the existing 
broadcasting formats to the constructed software and a converter from the 
software to the original format must be attached. This is something that is 
much too time consuming to do in the limited time frame of this project and it 
has therefore not been implemented. 

1.5 Disposition of the report 

The information in chapter two is mostly obtained from the conducted 
interviews. Here the pipeline of today’s sport productions is described as well 
as what the market is interested in terms of a virtual camera system. Also some 
techniques that are used today are described. 
 
In chapter three related work is presented. Both theory regarding earlier work 
that is connected to a virtual camera system for soccer games as well as all-
embracing IBR techniques that can be of relevance for the project are 
described. 
 
Chapter four begins with a motivation of the method chosen for the 
implementation. The rest of the chapter holds a thorough description of the 
program structure and the different components of the implementation. 
 
Chapter five presents the three tests that have been conducted to evaluate the 
system. The result from the tests and an evaluation of the system is presented 
in chapter six. Chapter seven holds a discussion of the work and chapter eight 
contains a conclusion. 
 
An important part of the project has been to make suggestions on how the 
constructed system can be improved. In chapter nine a number of ideas for 
future work are presented. 
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2 LIVE TV PRODUCTION1 

If a virtual camera system is to be useful it has to be easy to incorporate in the 
production chain of sport productions. Therefore it is important to listen to 
the market’s wishes and demands concerning the system. This applies for 
economical factors as well as for practical factors such as rigging of extra 
equipment and management of the system. 

2.1 Production flow for live soccer productions 

When it comes to live TV productions of soccer games the approach is more 
or less the same between different Swedish production companies. If it is a big 
game the number of cameras being used is about fifteen. Of those about three 
to five are filming the field sloping from above. The other cameras film the 
field from ground level since a low camera position gives more spectacular 
images, according to the producers. The cameras filming the field are placed 
along one of the long sides and behind the goals. Why the cameras are placed 
along only one of the long sides is because filming the field from both long 
sides and cutting between these images can confuse the spectator. For images 
from the opposite long side there is often one movable camera that can be 
used. 
 
Nowadays the production is completely digitalized. The production chain, seen 
in Figure 1 on the next page, starts with the cameras that film the event. From 
the cameras the images goes to the OB Van where the mixing and editing is 
done. An image engineer first corrects the image material so that the colour 
values looks satisfying in the monitor and matches between different images. 
                                                 
1 The information in this chapter is mostly based on interviews and questioning of people in 
the sport production business. (The questions and answers from the interviews are presented 
in Appendix A.) 
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Then the mixing takes place where a producer chooses which footage that is to 
be used. The mixing can be described as a funnel function where a larger 
number of input images are narrowed down to one final output image that is 
to be broadcasted. The mixing is a rapid procedure that is simultaneously 
ongoing with the match. During the mixing it is possible to include graphics 
like name tags, team line-ups etc. If the broadcast is high budget the 
production can use more advanced techniques like slow-motion cameras. This 
results in a need for a larger staff working during the broadcast. If for example 
a slow-motion camera is being used one extra personnel is needed in the OB 
Van for its control. After the mixing the image can either be broadcast live or 
be taped for later use. If the material is taped, editing and the adding of 
graphics can be done at a later time. 
 

 
Figure 1 Production chain for soccer productions. 

2.2 Wishes and demands from the market 

The economical conditions vary from producer to producer. Erik Fägerwall at 
Filmpoint believes that the sports production market will be separated into a 
high-cost and a low-cost segment. The high-cost segment will be events like 
major matches, as in Champions League and the world cup, and low-cost 
segments will be events like ordinary league matches in “Allsvenskan”. A 
virtual camera system will be adapted for the high budget production market 
and therefore it can cost a lot and be advanced. Mikael Ljuhs at Spekti, who 
produces the games from “Allsvenskan” in soccer and ”Elitserien” in ice-
hockey, does not agree with Erik Fägerwall. He believes that the companies 
want easy and cheap systems that can be used more often. He does not think 
that a system that can only be used rarely will have a market. Therefore a 
virtual camera system must be easy to use and set up to minimize the costs.  
 
An essential feature for the system is that the quality of the produced images is 
high. If the images look bad it will not be acceptable to use in television 
broadcasts. If that turns out to be the case Mikael Ljuhs at Spekti can see a 
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usefulness for the system in delivering statistical information about the 
matches. This can for example be how far each player has run during the 
match, the ball possession for each player, shot-speed etc. The statistical 
information would be a bi-product of the system and it is therefore important 
to have in mind that this information should be easy to pick out from the 
system. 
 
Another important demand is the real-time aspect. If a system should be able 
to work with older material every camera’s output has to be recorded, which is 
something that the production companies do not do today. A real-time system 
though could use all the material and can also be fitted in the existing pipeline. 
The virtual camera can also be used by one cameraman and the resulting image 
can be recorded by the replay operators. This is a demand from all the 
producers that have been interviewed. 
 
The most wishful and suitable solution for the production companies would be 
to use the existing camera’s image material as only input. If this is not possible 
the number of extra cameras must be minimized since every camera will result 
in an increasing cost for the production. The cost will be in both money and 
time; money since every camera has a price tag and also needs to be managed 
by extra personnel, and time since every extra camera needs to be rigged.  
 
The possibility to include virtual logos and ads is something that Mikael 
Pettersson at Timeline Production thinks is important. With commercial ads in 
the visualization the system could partly or completely be financed, something 
that could be a necessity if a system like this is to be commercially launched. 
 
The last factor of interest for the producers is the forthcoming digital 
revolution. HDTV will have different formats and better resolution. A system 
that cannot handle these formats will have difficulties in a few years when all 
the productions will probably use this new technique. Since the broadcasting 
techniques vary and are under development the system must be adaptable. 

2.3 Current systems 

The Swedish company Tracab is currently working on new techniques for 
extracting statistics from the recorded material. The company started with 
image processing techniques from SAAB used in the JAS fighter project. These 
techniques were then applied to soccer material and the result is a tracking 
software that produces statistics from soccer games or trainings. The software 
could be used in broadcasts, to get player statistics in training purposes or as a 
regulatory assistance tool. To record an event the Tracab system uses stereo 
cameras which gives them very accurate results. The precision is about one 
centimetre. The system works in real-time but it has to be monitored by one 
operator. [18] 
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A system similar to Tracab’s tracking software is “Hawk-Eye”, developed by 
the British company Hawk-Eye Innovations. Since recently “Hawk-Eye” is 
being used as a assistance tool for the referee during tennis games. The system 
has also been employed by television companies to produce statistical 
information for game analysis during cricket and tennis games. As for Tracab’s 
software, the image processing techniques of the system have been derived 
from technology used in missiles. The system uses eight monochrome high 
frequency cameras that are covering the area around the tennis field. The 
cameras are connected to a computer system that can calculate the exact path 
of the ball, and thereby find the position where the ball hit the ground with a 
maximum error of 3.6 millimetres. With this precision “Hawk-Eye” can be an 
important helping aid when it comes to deciding if the ball was in or out. [19] 
 
“EyeVision” is a technique used in Super Bowl XXXV. 30 cameras are placed 
around the field with seven degrees difference resulting in a 203 degrees field 
of view. By sequentially changing cameras the game can be viewed from all the 
covered directions and an effect of a virtual camera flying around the field can 
be achieved. [20] 
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3 THEORETICAL BACKGROUND 

3.1 Related work 

To construct a virtual camera system one can have several different 
approaches. Either one can take on a hardware solution which would probably 
be very expensive. Another way is to use a software solution that can produce 
a more or less exact reproduction of the reality. One software approach would 
be to use a technique called Image Based Rendering2 (IBR). Image Based 
Rendering is an area within computer graphics which makes it possible to 
render computer generated images out of digital images or photographs. IBR 
algorithms can produce photorealistic renderings and can be made to work in 
real-time, which have made them a popular alternative to traditional 3D 
modelling. IBR is often used for static scenes but can also be implemented for 
dynamic scenes, which are of interest here. 
 
In this chapter earlier attempts and related techniques concerning a virtual 
camera system will be discussed. Except for the hardware solutions all systems 
use IBR.   

3.1.1 EyeVision – a hardware solution 

As mentioned above a hardware based implementation for a virtual camera 
system is “EyeVision” which has been used during Super Bowl in the United 
States. The system is compound by multiple synchronized cameras placed 
around the field with small angel changes between each other. While the 
cameras capture the scene simultaneously one is able to rapidly change the 
camera position during playback. The output is a new view that can be used for 
                                                 
2 Rendering means calculating computer generated images. 
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replays which gives the viewer a feeling that the camera is flying around the 
scene. “EyeVision” can not give a completely free viewpoint because the 
“virtual” viewpoint is limited to the placement of the cameras. The system is 
also doomed to have a large number of cameras to make sure that the 
“jumping” between different camera angels will be smooth. Since the system 
has to use many cameras it is very expensive. [21] 

3.1.2 A hybrid solution 

A system that to some extent works in a similar way to “EyeVision” was 
created by Zitnick et. al. [1]. In their system the number of cameras is reduced 
and instead interpolation is used to get a smooth transition for the view 
motion. The capturing of the video and the video processing is done offline. 
The rendering stage is performed in real-time which make the viewer able to 
interactively change the viewpoint while watching the sequence. The hardware 
system uses eight synchronized high resolution cameras placed on a horizontal 
arc covering a viewpoint change of approximately 30 degrees. The system fails 
to produce a completely free viewpoint since the virtual viewpoint has to be 
interpolated from the two nearest cameras, which at the moment only cover a 
linear motion of about 30 degrees. Even though the virtual viewpoint can be 
rendered in real-time the complete system cannot be run in real-time since the 
capturing and processing is done offline. 

3.1.3 A software solution 

In [2], [3], [4], [5] and [6], the authors propose an indirect method for a virtual 
camera system, using image processing and computer graphics. The techniques 
described in these papers use different methods to track and visualize the 
objects filmed by the cameras, but the general pipeline is the same. First the 
images are segmented. After the segmentation process the resulting objects are 
tracked and the camera parameters are calculated if the cameras used are 
dynamic. The last step is a free visualization of the segmented images using the 
calculated positions. By differentiating the three steps a narrower study of each 
component can be performed. 

3.1.3.1 Segmentation 

The segmentation process can be handled in two ways, depending on the 
cameras. In [7] the authors have implemented a segmentation method using 
static cameras. In the initialization step a “background” image is produced. To 
avoid problems with objects outside the pitch, the image is masked to include 
only the pitch area. This background image can then be subtracted from the 
following images and only moving objects will be left. Shadows are deleted 
from this resulting image by using HSV colour properties. In [8] Muller and 
Oliveira address some problems that can occur when using background 
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images, or reference images. Soccer games are played outdoors during at least 
90 minutes. This means that the lighting conditions change a lot over time and 
a background captured in the beginning can be useless at the end of the game. 
Another problem is that the subtraction must update the whole image at the 
same time. Muller and Oliveira use sub images to speed up the tracking 
process. 
 
To avoid that more than one player occurs on a texture another method is 
proposed in [9]. First the background is subtracted and the different objects are 
assigned to separate textures. The extracted textures are then projected onto a 
3D-plane. By shifting the plane and comparing the textures with textures from 
other cameras different objects on the same texture can be separated. 
 
If the cameras are dynamic, a background subtraction method cannot be used. 
In [4] the players and the lines are segmented by using the colour properties of 
the ground. To avoid problems with this type of segmentation techniques due 
to different grass and different lighting conditions, the characteristics of the 
ground can be pre-calculated in an initialization step as in [10]. The 
segmentation can be a difficult task. In [2] dynamic cameras are used but the 
segmentation has to be manually adjusted. 
 
The ball in a game can be difficult to find in the segmentation process due to 
its small size and occlusion. In [11] many of the problems are described. The 
solution in [11] and in [12] is to use a physical model for the trajectory. The 
simulated position can help the segmentation to find the ball, even after it has 
been occluded for a short while. 

3.1.3.2 Tracking 

When the lines and the objects on the ground have been segmented, the 
physical positions on the soccer pitch have to be calculated. In [4], [10] and 
[13] the Hough transform is used to find the lines. [2] uses a faster approach. 
The image is divided into smaller regions. All points on the region edges can 
be used as start and end points for the line and the line equation can be 
calculated.  
 
The circle in the centre of the pitch will be seen as an ellipse and to find it [10] 
uses a method described in [14]. These lines can then be matched with the lines 
on a pitch. To simplify this match [10] uses anchor points. The relationship 
between the 2D positions on the image and the detected lines can then be used 
to calculate the real positions. This method assumes that some of the lines are 
visible in the current frame. 
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A more direct method is suggested in [9] where a dedicated camera is placed 
high over the ground. The objects segmented can then be used to position the 
players without any transformations. 

3.1.3.3 Visualization 

The visualization component in [2] uses an alpha mask for the textures to 
blend it correctly. A similar approach is used in [3] where the textures are used 
with eye-rotated billboards, a simple textured square in 3D-space, which is 
always facing the camera. 
 
Another approach for a free viewpoint system is to use a predefined 3D 
human body model that can be matched to the person in the image [15]. This 
approach uses an energy function to match the 3D model to the human 
silhouettes in the image. Then textures from the existing camera images are 
mapped on to the 3D model. A method like this can be an efficient way of 
getting a system where the virtual viewpoint can be navigated in real-time. One 
disadvantage is that the 3D human body model has to be initialized in advance 
which makes it unattractive for sport productions like soccer. 
 
Another technique is to use image-based visual hulls. From every image view 
one can “carve out” the parts that lie outside the silhouette of the object of 
interest. In that way a cone-like object will be created. Doing so for every 
camera view will produce a number of different cones. The visual hull of the 
object is created by taking the intersection from the cones which will produce a 
3D object that is guaranteed to contain the object of interest. In [16] an image-
based visual hull implementation is presented. The system can handle live 
video streams and can render a virtual view position in real-time. 
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4 SYSTEM IMPLEMENTATION 

4.1 Chosen method 

As described in chapter two a number of requests have to be fulfilled if the 
constructed virtual camera system is to be useful in real productions. The three 
most important requests are the following: To suit Mikael Ljuhs prediction the 
costs of the system should be minimized. This applies to minimization of extra 
equipment as well as minimization of time for rigging and initialization of the 
system. To fit the existing production pipeline the system also has to be fast 
enough to be able to handle real-time. This means that either the hardware is 
very powerful or that the algorithms and methods of the implementation are 
very efficient. Since the costs are to be reduced the second alternative is the 
one of interest here. If the system is to be useful in television broadcasts the 
quality (and the accuracy) of its images has to be high or else it will not be 
accepted by the viewers.  
 
An important aspect is that it should be easy to implement the system in the 
existing production pipeline. As mentioned before the best solution would be 
to use the existing cameras material as input images or to at least reduce the 
number of extra cameras needed. The right place for the system in the 
production pipeline will be to place it after the images have been colour 
corrected which then makes it able to use as an extra source in the mixing. The 
production chain after the virtual camera system has been is shown on the next 
page in Figure 2.   
 
A wishful bi-product would be that the system could produce trustworthy 
statistical information from the matches and add virtual ads and logos on to 
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the arenas. Therefore it is important to keep in mind that the system should be 
easily extendable. 
 

 
Figure 2 The production chain when the produced virtual camera system has been 
added.  

These were the basic conditions that had to be taken into consideration before 
the virtual camera system was designed. With these conditions in mind the 
described methods from chapter three were evaluated with the following 
conclusion as a result: Even though a hardware based system can deliver a 
really good image quality it fails to fulfil the request for a low cost. A hardware-
based system is very expensive and time-consuming when it comes to rigging 
and is therefore not a good solution for this project. The hybrid technique used 
in [1] is to a larger extent more suitable but it lacks the possibility to be run in 
real-time and is still quite expensive. Therefore the hybrid solution is not a 
good idea to use either. A software solution can be fast and it can be of low 
costs. It can easily be split into smaller parts where each part can be 
implemented separately and therefore it is easy to change one of its 
components if it turns out to be inadequate. The most suitable solution for this 
project has therefore been to construct a software system. 
 
The software solution consists of three main parts: a segmentation component, 
a tracking component and a visualization component. The system’s input 
images must first be segmented so that the background and the players are 
separated. In [2], [7] and [9] segmentation is performed in the HSV colour 
space. Segmentation in the HSV colour space is commonly used when it comes 
to player extraction in arena sports like soccer and American football. This 
depends on the fact that the green field easily can be used as a “green screen”. 
Therefore the approach in this thesis has been to perform the segmentation in 
the HSV colour space. To find the positions of the players a tracking 
procedure must be performed. In [2], [4] and [9] the lines of the field are used 
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to determine the positions of the players. These techniques are well described 
and give proper results and therefore this tracking approach has been chosen 
for the implementation. A billboard-based solution, as proposed in [2] and [7], 
was chosen for the visualization since it is fast and has proved to be able to 
deliver a good result in the papers. 
 
As a starting point for the constructed system the techniques from the above 
mentioned papers have been used, but each method has been modified and 
adjusted so that it would fit into the constructed systems pipeline. 
  
The following parts of this chapter contain a thorough description of the 
constructed system and describe the different methods that have been used.  

4.2 System overview 

The produced soccer visualization software has two basic parts: a camera 
component and a visualization component. As input the implementation gets 
images from the cameras recording the event. These images are manipulated by 
the cameras individual camera component that separates the images into three 
sub-images. The first type of image the camera component produces is the 
field image. This image should only include the parts that are supposed to be 
visualized as the field. The second component is a line image. This is a binary 
image with the lines on the field marked with white. The third component is 
every player on the field in a separate image with the coordinates to this sub-
image attached to it. This separation is performed by a segmentation 
component, which has to be initialized with an empty background image to 
record the colour properties of the field. The line image is sent to a tracking 
component that calculates a transformation matrix that can transform image 
coordinates to field coordinates, see Equation 1-5. The images and the 
transformation matrix are then sent to the visualization component that 
collects the results from all camera components. By merging players with the 
same position on the field and merging the background images a simple model 
of the recorded field can be produced. This model is then visualized by 
billboards that are projected to the virtual camera. A visualization of the system 
pipeline is shown in Figure 3 on the next page. 
 
The software can work in two different modes. The first mode is the moving 
camera mode. In this mode the camera follows the play and the recorded area 
changes during time. This means that the tracking must work on every frame 
to calculate the current transformation matrix and the field texture must be 
updated with the new field images together with the new transformation 
matrix. The second mode handles static cameras. The transformation matrix 
can be calculated in the initialization. While the cameras are static the stadium 
can be masked away in advance in every image, something that facilitates the 
segmentation.  
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Since this is only a test implementation so far no graphical user interface has 
been designed. 
 

 
Figure 3 The different stages of the system implementation. 

4.3 The Camera Component 

Every camera in the system must have a camera component. This component 
consists of two important parts: the segmentation and the tracking. These parts 
are very important for the quality of the resulting images and are also some of 
the most time consuming parts of the software. To reduce the time of 
computation every camera can have a dedicated computer that processes the 
camera component. The resulting images from the segmentation and the 
transformation matrix are the output of the camera component and are the 
input to the visualization component. In a solution with dedicated cameras a 
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network framework has to be included so that the results can be used by the 
visualization component. Figure 4 shows a set-up for a network solution. 
 

 
Figure 4 Network set-up for system. 

As Figure 4 shows, Computer 1, Computer 2 and Computer 3 are attached to 
cameras that are filming an event. The images from these cameras are then 
processed by a camera component in each computer. The results are then sent 
to a central computer where the visualization component renders the output 
image. This system is not yet implemented in the software so instead the 
central computer has to process all the camera components and the 
visualization component. This makes the system slower as shown in Figure 5 
since NumberOfCameras * CamComponentTime will be much larger then 
NetworkTrafficTime. 
 
 
 
 
 
 
 
 

4.4 The Visualization Component 

The task of the visualization component is to sort the textures that are being 
produced in the segmentation process and to visualize them. Every camera 
produces several player textures, one field texture and one line texture. The 
player textures have got texture coordinates from the input image attached to 
them, which tell the original position of the texture. These coordinates are 

With network solution: 
Time = max(VizComponentTime,CamComponentTime) + NetworkTrafficTime 
 
Without network solution: 
Time = VizComponentTime + NumberOfCameras * CamComponentTime 

Figure 5 Time of computation with and without a network solution. 
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transformed with the 2D transformation produced by the tracking component. 
The transformation transfers the coordinates from the image plane to the field 
plane. The new field plane coordinates can now approximately tell the players 
position on the field.  
 
To keep track of the player textures, the visualization component has 
something called player objects. These objects keep track of the positions of 
the cameras and all textures that have been associated with the player. A player 
can thereby consist of one or more textures. If the player is visible in only one 
camera it can still be rendered with this texture but more textures give more 
accurate results. The position associated with a texture is compared with the 
existing player objects positions. If the new texture is within a threshold it is 
attached to the object. If no object is found a new object is created and the 
texture and position is attached to it. The rendering function calculates which 
physical camera view is closest to the virtual camera view. The texture that is 
produced by this camera is then mapped onto a polygon that is always turned 
toward the virtual camera. This means that the rendered object has an error 
that is proportional to the angle between the virtual camera’s view vector and 
the camera with the view closest to the virtual camera’s view vector. 
 

 
Figure 6 Visualization error with virtual camera. 

In Figure 6 two cameras film a black object. Their view vectors are marked 
with black lines. When a virtual camera will visualize the object it will pick a 
texture from one of the cameras. In Figure 6 Virtual Camera A will pick a 
texture from Camera 1 since this is the camera with the view vector closest to 
Virtual Camera A’s view vector. Virtual Camera B will pick the texture from 
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Camera 2 since this camera is the closest. The visualization will then have an 
error of °α in Virtual Camera A and °β in Virtual Camera B. 
 
The field is controlled by a stadium component. This component has the field 
textures from the cameras as input and as output it generates a new texture. To 
do this, every incoming texture has to be transformed by the camera’s inverse 
transformation matrix that also has been calculated by the tracking component. 
Every texel in the new image is then interpolated from the corresponding 
texels in the incoming field textures. To speed up the calculations this mapping 
can be done once with the first field textures.  

4.5 Segmentation 

The segmentation component is one of the most crucial parts of the program 
since it is very important for the quality of the systems resulting images. If a 
good segmentation of the players can not be produce the quality of the systems 
resulting images will be drastically reduced.  

4.5.1 Extraction of the players 

A main advantage when it comes to soccer games is that since the field is green 
it can practically be used as a “green screen” during segmentation. The first 
step in the segmentation of the players is to transform the image from the 
RGB (R = red, G = green, B = blue) colour space to HSV (H = hue, S = 
saturation, V = value) colour space. This is done with a colour conversion 
algorithm that makes it possible to calculate the corresponding H, S and V 
value from each pixel’s R, G and B value. In HSV it is easier to get a good 
result from the segmentation because the HSV colour space not only takes 
colour (hue) into consideration but also saturation and the intensity (value) of 
the colour. The image is thresholded with the HSV values (the colour 
properties of the field) picked out in the initialization removing the green areas 
in the image. The resulting image contains the players but also lines, goal 
mouths and some noise. While the goal mouth and the lines in the field are 
white they can be removed by segmenting in the white domain of the image. A 
problem with this approach is that it also can take away white areas of the 
players, which is highly unwanted. Another approach is to convert the image to 
a binary image and then use the two binary morphological operations dilate 
and erode. (Dilation is used to enlarge the boundary of an object while erosion 
shrinks the boundary.) By using erode and dilate most of the noise is removed 
leaving the players intact. To be able to place every single player in a separate 
sub-image the objects in the image have to be labelled. The labelling algorithm 
scans each row in the image first one time to the right and then a second time 
to the left to label each object pixel. This results in that all the image objects 
are “tagged” with labels unique for that particular object. To make each object 
contain only one unique label the image is scanned again, resulting in the final 
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labelled image were each object is “tagged” with one unique label. During the 
labelling procedure the coordinates for each player are also found and saved. 
To make sure that no non-player object is left a sorting by size is done. Each 
object is compared with a maximum and minimum value for the width and the 
height of the players (decided in the initialization) and if the object size is 
between these values the object is marked as a player. The objects that do not 
match the size are ignored. Each labelled player is then cut out, where the non-
player pixels are set to zero in the alpha channel, and restored to RGB colour 
space. To further reduce the noise around the player a final thresholding is 
done to each player object before it is saved as an RGBA image (where the last 
channel is the alpha channel).  

4.5.2 Extraction of the field 

The extraction of the field is very similar to the procedure with the player 
extraction. The same threshold as for the player extraction is used but instead 
of removing the green areas these are kept and everything else is removed 
leaving an image containing only the field. To reduce noise the image is 
transformed to a binary image where erode and dilate are used. The resulting 
image is transformed back to RGB and saved as an RGBA image. 

4.5.3 Extraction of the lines  

The extraction of the lines is performed in both the HSV and the RGB colour 
space. White areas in HSV correspond to pixels with high V-values and low S-
values. In RGB white pixels are the pixels that have high values in each 
channel [4]. Segmentation using these facts results in an image where only the 
lines are left. The resulting image is saved as a binary image where the lines are 
white and everything else is black. If the resulting image should contain noise, 
which can disturb the tracking component, the morphological thinning 
operation can be used. (Thinning is used to produce the skeleton of an object 
in a binary image).  

4.6 Tracking 

The tracking component should detect the lines in the line image generated by 
the segmentation component. The goal is to transform the image coordinates 
to 2D field coordinates with a 2D transformation. To compute the 
transformation matrix four coordinate relationships between the image space 
and the field space have to be found. As all the coordinates of the line 
intersections on a soccer field are known these values can be used if the same 
intersections in the image are found. 
 
The input images are in a black or white format with the lines as white and the 
rest as black pixels. On a soccer pitch and in many other sports two interesting 
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features can be noticed. The lines are sparse and they are also rather long. 
These features can be used when tracking lines in a method proposed by Yan 
et al [2] which are described in pseudo-code in Figure 7. 
 
 
 
 
 
 
 
 
 
 
 
Both this method and the Straight Line Hough Transform (SLHT) are 
implemented in the Tracking component but it is optimized towards the Yan 
algorithm and might not always work properly with Hough detection. In a 
comparison3 between the two algorithms the Yan algorithm is faster, uses less 
memory and is as accurate as the SLHT. A problem is that the lines in the 
image can give different line coefficients in different grids due to the 
discretization in the camera. Therefore the lines have to be reduced in some 
way. In the algorithm by Yan it is done with a least square-fitting method. In 
our implementation the reduction is performed in one simple step. If two lines 
are too similar the one found in least grids will be deleted.  
 
When the lines are found the intersections are calculated. All intersections are 
saved with x and y coordinates, but also with information from the lines that 
are intersecting in this point. The most horizontal line is saved as Horizontal 
line and the other as Vertical line. When all intersections are calculated a 
reduction is performed again. The intersections are clustered if they are within 
a certain distance. This can be seen as the final line reduction as well. With all 
intersections known the topology is found. Every intersection node will be 
associated with the closest node in four directions. The directions are both the 
directions of the Horizontal line and the Vertical line. This topology tells us in 
which directions there are neighbours. With a recursive search following the 
topology of the neighbouring nodes a detailed description of the node can be 
found. An example of this procedure is shown in Figure 8 on the next page. 
The topology is found in both the line image and the file. When one points 
coordinates is found in the line image (Q1) this coordinates can be associated 
with the corresponding point in the line file (P1). With the topology 
information the point above can be associated (Q2 with P2)  and so on. 
 
                                                 
3Test results with the same images and set-up on a 1.5 MHz computer:  
 With Hough transform: 0.12-0.15s / frame  
 With Yan algorithm: 0.006-0.025s /frame 

Step 0: Produce the edge image of the given image (This is done in our 
segmentation component) 
Step 1: Grid the image and find the equations of the line segments in the 
various grids. 
Step 3: Verify whether an identified equation is really a line. 
Step 4: Find the accurate line equation using the least square fitting. 

 Figure 7 Line detection method by Yan et. al. 
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Comment 
Comment 
Width x  (x is an integer with width in meters) 
Height y  (y is an integer with height in meters) 
NumOfPoints n1 (n1 is an integer with number of nodes) 
NumOfLines n2 (n2 is an integer with number of lines) 
CamDir c (c is an integer between 0-3 specifying 

which side the camera is positioned at) 
 (one blank line) 
0 x0 y0 (node 0…) 
1 x1 y1 
… 
n1 xn1 yn1 
l1 l2 (line one between node l1 and node l2) 
l3 l4 
… 
ln… 

 
Figure 8 Example of recursive assignment of coordinates.  

The same algorithm is performed on the model of the lines on the pitch. This 
model can be loaded into the software with a line file. A description of the line 
file format is found in Figure 9. When the topology description of the nodes in 
the model is found they can be matched with the descriptions of the nodes in 
the image. If the match is good enough the neighbouring nodes can be 
associated with the corresponding nodes from the file. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9 The file format used in the application. 
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When four or more nodes have been associated with the correct coordinates 
the transformation matrix can be calculated.  
 
Let p be any point in the image plane, p′ is the corresponding point in the 
field plane and let M be the transformation matrix.  
 

pMp *=′      (1) 
 
With homogenous coordinates Equation 1 will be as in Equation 2. 
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If a scale factor is chosen so that 133 =M there will be eight unknown 
parameters in the matrix and eight known values from the four coordinate 
pairs. The matrix can be rewritten as Equation 3 and 4. 
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Equation 4 can then be written in matrix form and the coefficients can be 
solved with an 8x8-matrix inversion4 as in Equation 5. 
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4 Inversion performed numerically by the free Newmat10 package.  
http://www.robertnz.net/nm10.htm, acc. 2006-01-04 
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5 EXPERIMENTS 

To test the system three larger experiments have been conducted. The aim was 
to be able to test the system on image material produced by Filmpoint’s 
equipment. Due to the limited time of the project such an arrangement never 
took place and instead test images were produced with equipment from 
Linköping Institute of Technology.  
 
The first test consisted of still images produced in 3D Studio Max. The second 
and the third test contained film clips from a soccer arena. The filmed material 
was shot with three DV cameras placed on tripods arranged so that the virtual 
viewpoint could cover a range of approximately 45 degrees. The rendering has 
been performed on a 1.5 MHz computer with Windows 2000. 
 
Since the system is constructed to only work with Targa images the input 
images have to be in the Targa format. The image size is 720 · 576 pixels, 
which at the present is one of the standard production formats for Swedish 
television. No tests have been conducted on material adapted to HDTV. For 
HDTV the image size will be increased, something that makes each input 
image more time consuming for the system to process. 

5.1 Test one 

This first test was performed on image material from a 3D scenery produced in 
the software program 3D Studio Max. The scenery consisted of a green surface 
with white lines simulating the conditions of a soccer field. To correspond to 
the players three 3D objects were placed on the surface. Four virtual cameras 
were positioned so that the complete 360 degrees around the field would be 
covered.  
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Since the test was static one single Targa image was produced from each 
camera giving the system a total of four images to work with. The four input 
images are shown in Figure 10. The output of the virtual camera system is a 
window with the recreated scenery where you can interact by changing the 
viewpoint. As described in chapter 4.4 the displayed object textures change 
during the interaction so that the displayed texture always is the one with the 
closest distance from the virtual viewpoint. 

 
Figure 10 Input images for test one. The cameras are placed from the front, the back, 
left and right. 

5.2 Test two 

Since test one verified that the system was working, test number two took 
place. The second test was more extensive and consisted of filmed material of 
approximately one-minute length captured by three static cameras5. The images 
were shot in a soccer arena focusing on the area in front of one of the goal 
mouths were three persons were walking around. The cameras were placed on 
the grandstand so that the positions of the cameras are high enough to give a 

                                                 
5 A static camera is a camera without camera movements during the filming. 
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good background for the segmentation and tracking. The cameras were 
arranged so that one filmed the area in height with the centre line, one in 
height with the goal line and the last one was placed between the other two. 
Figure 11 shows an example of the input images from the three cameras. The 
virtual viewpoint covers a range of approximately 45 degrees. 
 

 
Figure 11 Input images from test two. The top image is from the right camera, the 
middle image is from the middle camera and the bottom image is from the left 
camera. 

Since the virtual camera system only works with the Targa file format the three 
filmed sequences were converted to Targa sequences. This procedure 
unfortunately led to a loss in quality of the input images. Each frame in the 
Targa sequence was individually processed by the system and then saved, 
producing a new output sequence of Targa files. This image sequence was re-
converted to a movie-file where the result of the test could be seen more 
clearly. 

5.3 Test three 

To investigate if the results could be improved a third test was made. The third 
test was shot at the same arena as the second test with the same camera 
placement. But here the cameras were more zoomed in on the two persons on 
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the field, making the objects to be cut out larger. The new field of view 
resulted in that the lines on the field could no longer be used for the calibration 
of the cameras. Instead a 3.5 · 4 meter square area was marked out with white 
plastic bands simulating the white lines on the field. The persons were walking 
around inside this square. As in test two the virtual viewpoint covers a range of 
approximately 45 degrees. Examples of the input images from the three 
cameras are shown in Figure 12. 

 
Figure 12 Input images from test three. The top image is from the right camera, the 
middle image is from the middle camera and the bottom image is from the left 
camera. 

A predefined difficulty with this test was the weather conditions. Since the 
filming was done in a later time period than the second test a lot of leaves were 
lying on the ground and there was also some frost in the grass resulting in a lot 
of noise in the images. The images also contained hard shades on the ground 
due to sunny weather.  
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6 RESULTS 

6.1 The result of test one 

The first setback of the system appeared during test one. The segmentation 
turned out to be very time consuming and even after improvements and 
optimization of the code the time parameter was far from real-time. This 
depends on the fact that the segmentation has to loop trough the images 
several times, which takes a lot of time. Especially the labelling procedure is 
very time consuming.  
 
Otherwise the system behaved well, as can be seen in Figure 13. The result 
from the segmentation was acceptable; the cut-outs of the objects had only a 
smaller loss of object pixels around the edges. The tracking component had no 
problem with detecting the lines in the segmented image with the lines and the 
four corner points were therefore found without a problem. As can be seen in 
the output images the placement of the object textures is almost correct. (The 
objects should be placed on top of the black holes that are visible.) The black 
holes in the images correspond to the field areas that lie under the objects and 
therefore are never visible in any camera. The swapping between textures from 
the different cameras as the viewpoint changed worked well.  
 
Even though the test confirmed that the program was working, it was not 
enough for testing the reliability of the system. This is dependent on the fact 
that the input images are artificial (something that results in images with 
perfect conditions) and therefore are much easier to segment than real images. 
 
 



 

- 29 - 

 
Figure 13 Example of output images from test one. 

The time of computation was about ten seconds per frame or 2.3 seconds per 
camera and frame. The most expensive procedure is the labelling that uses 
about 80 % of the camera time. 

6.2 The result of test two 

Because some of the parts of the system pipeline contains smaller errors the 
final result in test two was much poorer than the results in test one. Even 
though the segmentation was facilitated by masking out the parts of the image 
containing the stadium in advance the segmented images did not deliver the 
desired result. The lines in the images were so indistinguishable they were hard 
for the tracking to find. Instead the static camera mode was used. Since the 



 

- 30 - 

players were so small they were hard to detect, resulting in bad cut-outs with 
loss of information at the edges. Since the segmentation is not robust 
throughout the sequence its performance will differ between different images. 
For example it might miss the legs of a player in one image resulting in an error 
in the texture coordinates. This leads to the player being placed at the wrong 
coordinates in the visualization, making the player “jump” around in the 
resulting movie. Sometimes the segmentation fails to find a player at all in the 
image, which results in flickering in the final movie. This can also lead to that 
the clustering component mix up the players placing one player in the missed 
player’s position. In Figure 14 some of the output images from test two are 
shown. 
 

 
Figure 14 Output images from test two. 

The time of computation in this test is a few seconds longer than in the first 
test, about 13 seconds per frame and four seconds per camera and frame. The 
reason is that the expensive labelling have more small segments to handle since 
noise now are present in the input images. 

6.3 The result of test three 

The results of test three were of much better quality than test two. Some 
examples of output images from test three are shown in Figure 15 on the next 
page. The segmentation performs more accurate when the resolution of the 
players is higher, which increases the error threshold. The better segmentation 
leads to a more accurate positioning of the players and the movement has a 
better flow. The biggest problems from test two were the unstable positioning 
of the players, something that now has been solved for most of the frames. 
The error that occurs appears in single frames, but this does not affect the final 
result in the same way as in test two. 
 
There are still a number of problems to be solved. The tracking can not work 
properly since there is too much noise in the line images. This is solved with a 
static camera setup. The corners of the square area are within a too small 
distance to be able to zoom in on the players. This leads to difficulties with 
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calculating an accurate transformation matrix. In Figure 15 this is shown by the 
bad perspective effect in the projection of the background images. The players 
are also falsely positioned with approximately half a meter. 
 

 
Figure 15 Output images from test three. 

The time of computation is similar to the time in test two, about 13 seconds 
per frame. With a network solution the time should drop to about four 
seconds per frame. The labelling is still using about 80 % of the time. The time 
complexity of the implementation is O(n2) since the search in images is 
performed in two dimensions. 
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7 DISCUSSION 

7.1 Evaluation of the system 

The proposed system pipeline has a number of problems. The biggest problem 
is that every part generates a small error but the error accumulates along the 
way and can therefore generate unacceptable errors if the accuracy is not good 
enough in every single component. It begins with the quantization that the 
camera performs. Since the objects on the field can be rather small (10-50 
pixels) a difference of a pixel between two frames makes a relative change of 
the shape. When this image gets to the segmentation component the difference 
can get bigger if the segmentation misses some pixels around the edges. If the 
tracker component only has an accuracy of three pixels the error can have 
accumulated to about ten pixels. If the camera is positioned low the position of 
a player can have an error in meters from these ten pixels. When this happens 
25 times per second the player objects will “jump” around, especially along a 
vector represented by the cameras view vector projected onto the field. These 
facts result in a demand for high accuracy of the components in the pipeline. 
 
In the visualization component a clustering function has to decide where the 
object is in fact positioned out of a number of positions. In the 
implementation, the clustering function only calculates a mean value of the 
positions and uses this as the object position. When the object disappears from 
one or more cameras the mean value will move drastically and the object will 
“jump” to a new position. To make the implementation independent to these 
changes the clustering part of the implementation is of high importance to 
achieve good quality. 
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The system has, because of time constraint, not been optimized and cannot 
work in real-time at this moment. The most time consuming part is the 
segmentation and in the segmentation the most time consuming part is the 
labelling of the objects on the field. Another expensive process is the mapping 
of the different field textures to the resulting field texture. This can be solved 
by a minimization of the updating frequency. The field does not change in 
appearance more than in variations of the lighting conditions. So far the 
implementation can render a scene in real-time, almost track a scene in real-
time but not segment the scene in real-time. 
 
With proper conditions the software can produce images of fairly high quality. 
In test three the conditions are satisfying and therefore the result is the best 
that the software so far has produced. The high resolution (the players cover 
approximately 30 % of the image height) and the low number of players are 
the main causes of the result. To have the same result in a larger scale (with a 
larger field area and more players) high performance cameras have to be used 
since test three has shown the importance of high resolution.   
 
The tracking component is dependent on good maps of the lines created by 
the segmentation. If the lines are hard to detect or the maps are filled with 
noise the tracking has problems with the performance. The tracking 
component must only be attached to the cameras that are moving. The static 
cameras will only need to be calibrated once, either with a calibration file or 
with the tracking component. 
 
The visual experience is reduced due to the black surroundings in the images. 
It is hard to relate between the original footage and the resulting virtual camera 
footage since there are so few correlating points. To increase the quality some 
kind of fix camera system could record the parts of the field that are not 
covered by the action cameras, following the game. Another problem is the 
resolution of the textures. As mentioned earlier many of the players captured 
by the cameras are small and therefore represented by a small number of 
pixels. This leaves no room for errors in the process when the errors will have 
a large influence on the result. 

7.2 Evaluation of the interview results 

As mentioned earlier the three most important demands from the producers 
are low costs, real-time processing and good quality. This means that the 
implementation must be easy to set up, easy to integrate with existing 
equipment and it must use as much of the existing footage as possible. 
Including commercials in the resulting scene could solve the economical 
factor. 
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Figure 16 The three basic conditions visualized as the corners of a triangle. 

One of the main difficulties with this project has been to try to fulfil these 
three basic conditions. The conditions can be symbolised by a triangle where 
each condition is placed in one corner, as seen in Figure 16. In this triangle it is 
possible to satisfy two of the corner conditions but it is difficult to satisfy all 
three. For example the produced system can be fast and deliver high quality 
images but then it will be expensive while it needs more high-tech equipment. 
This parameter constellation can be resembled to “EyeVision”. The produced 
system can also be fast and cheap but then its quality will be poor. The last 
parameter constellation is to have a system that is cheap and of high quality but 
then it is hard to be able to fulfil the real-time aspect. As technology evolves 
technical equipment will become better and less expensive and probably it will 
be easier to fulfil all of the three conditions in the future. 
 
The implementation has revealed some problems in the approach. The existing 
camera set-up is not enough to give a good view of the scene. In a regular 
league game in Sweden 15 cameras are recording the event but only three to 
five cameras are from a higher position, which gives a good background for 
segmentation and tracking. The parts of the field that are recorded are not 
enough to give good views from new directions. Some additional cameras will 
be needed for the image quality. If these cameras could be static high quality 
stereo cameras, this could increase the quality of the output images since stereo 
correspondence would give better accuracy to the tracking and thereby better 
accuracy in the positioning while rendering. The importance of time and 
money minimization must not be forgotten. 
 
The tracker component calculates “anchor points” which are matched with 
points from a file. These anchor points are calculated from the intersections 
and corners of the lines on the field. To build a correct transformation matrix 
four points are needed. This fact restricts the filming so that four or more of 
these intersections or corners must be seen in the image. The producers 
generally like close footage where none or only a few of these anchor points 
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can be seen. This restriction can be solved with a couple of dedicated cameras 
that films the event with a bigger field of view in combination with the closer 
footage. Ideally the tracker should only need some lines to extract four anchor 
points. 
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8 CONCLUSION 

The aim of this project was to reveal problems and find out what the 
difficulties with the construction of a virtual camera system are. The work has 
been separated into two main parts; interviews with sport producers and a test 
implementation.  
 
The interviews were performed to give a specification of what the system 
performance should be like. The questioned producers were mostly interested 
in a real-time camera system that produces high quality images and is of a low 
cost.  
 
The implemented software described in chapter 4 can produce free-viewpoint 
images from the image material captured by one as well as a number of 
cameras. The number of cameras that can be used depend on the performance 
of the used computers. The most difficult task was to achieve real-time 
performance with high quality results, since the quality is connected to the 
processing time of the system.  To take this implementation into a commercial 
product would require improvements on all the system components. The 
constructed system can though be seen as a shell to future software.  We 
believe that this pipeline together with additional cameras and improved 
components can result in a commercial software.  
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9 FUTURE WORK 

An important factor for the visual experience is the surrounding of the field, 
such as the arena, spectators, goal mouth and also commercial billboards. 
These components have been disregarded in the implementation but are of 
great importance if a commercial system is to be considered. The problem with 
the field texture mapping has so far been a 2D problem but if a mapping to the 
surrounding is to be performed some kind of 3D model has to be considered. 
A simple model of the arena could be loaded and for productions like the 
“Allsvenskan” games this would probably not generate any problems since it 
would demand 14 models which can then be reused many times. Another 
approach could be an implementation of Paul Debevecs “Modeling and 
Rendering Architecture from Photographs” [17]. This approach could both 
handle the generation of the model and the view dependant texturing part 
which probably would be necessary when these objects contains a lot of 
moving objects such as the spectators.   
 
The two most time-consuming parts, the segmentation and the field texture 
mapping, are per pixel operations and could be speeded up on the GPU. The 
field texture mapping operations are very suitable for such a solution since it 
only would be a one-way transport over the bus. The segmentation could also 
be hardware accelerated but the algorithm would then have to be modified. To 
use another segmentation technique could also be a way to solve the real-time 
issue.  
 
The player objects are in the current implementation independent of the 
previous objects. This means that objects can make unrealistic movements and 
change the appearance drastically. A clustering that evaluates the objects shape, 
direction, size and speed could help the whole system. The segmentation could 
use this information to find the correct players faster, the rendering would be 
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more accurate and a lot of the now existing artefacts could be removed. This 
could use existing optical flow algorithms. 
 
In the near future the television will change when the High Definition TV 
changes the formats. This will generate better resolution in the system, but will 
also slow the system down, since there are more pixels to process. The 
presented implementation handles images of the format 720 · 576 pixels. The 
HDTV formats will have much higher resolution. The larger images will 
demand more memory of the computers. 
 
The implementation can now work with an input and output of a Targa 
sequence. This is not acceptable if the system should work in the current 
productions. To solve this problem a converter from the existing broadcasting 
formats to our software and a converter from our software to the original 
format must be attached.  
 
To visualize the players and objects on the field camera rotated billboards are 
used. This is not the best algorithm for good quality but it is fast and works 
well in the pipeline. In the background algorithms as the “Visual Hull” [16] and 
the 3D-model approach used in “Free-Viewpoint Video of Human Actors” 
[15] are suggested. The problem with this is to get them to work in real time 
with many objects. This is an interesting area where much has been done and 
could be done.  
 
To get an accurate positioning not only lines have to be considered. To achieve 
four good anchor points in the midfield also ellipses have to be tracked since 
there is a big circle in the middle. This is a problem that is well defined and the 
circle can be tracked with the “Least square fitting algorithm” presented in 
[14]. 
 
Soccer and many other sports include a ball. All the positioning in our 
implementation are made in two dimensions, but when it comes to the ball the 
third dimension must be included since it is in the air much of the time. The 
movement of an object like this is very well known for the human mind so it is 
important that it behaves correctly. This can be done by some kind of 
trajectory based tracking algorithm. The solution created by Tracab has the 
possibility to perform this [18]. 
 
Something that has been disregarded in the implementation is the problem 
with occlusion. In the tests only a small number of “players” on the field have 
been tracked and visualized. When the number of objects increases the 
problem with occlusion will appear more frequently. When a player covers 
parts of other players this will be processed as one larger object in the 
implementation, because no separation algorithm is included. An algorithm like 
this should detect when segmented objects in reality are two players occluding 
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each other. An image example where one of the billboards contains two 
players that have been processed as one larger object is shown in Figure 17. 
 

 
Figure 17 One of the billboards contains two players. 

If a further development towards a commercial software is to be done a 
graphical user interface for the system needs to be designed. This interface has 
to be adjusted so that it is user friendly for the production team that is working 
during sport broadcasts and so that it fits the production pipeline of sport 
productions. 
 
This thesis work has focused on soccer productions but the system can also be 
adjusted to fit into other sport productions. In that case some smaller 
adjustments need to be done to some of the components of the software. 
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APPENDIX A 

Appendix A contains the questions and answers from the three interviews 
performed at the beginning of the thesis work. This information was collected 
at the field study at Filmpoint 2005-07-09 (”Swedish Match Cup”, Marstrand), 
at the field study at Spekti 2005-08-25 (”IF Elfsborg – IFK Göteborg”, Soccer, 
Borås Arena) and from the questioning by mail with Timeline Production. 

Production-technical questions: 

-What does the production flow (from camera to the transmitted 
material) at sport productions look like? Where would a digital product 
fit in? What has already happened with the footage and what happens 
after? 
 
Filmpoint: Filmpoint use a digital system. From the cameras the footage 
comes to an image engineer who corrects the colours and makes the image 
material more “even”.6 After this step the material is mixed where the input 
comes from all the cameras that are being used and the output is the material 
to be broadcasted or taped. The taped material can either be further edited or 
transmitted. 
 
During the Marstrand-production seven cameras were used. Three of those 
were from a link (they were filming on the boats) and the rest were placed on 
tripods along the waterside covering an area of about 900 meters. 
 
Spekti: The system that Spekti uses is digital and they are using a self-
produced software. The production in Borås was of a larger scale then the one 

                                                 
6 Here is an appropriate position for our system to come in. 
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in Marstrand but the production flow was very similar. One difference was that 
it was a live broadcast transmitted for Canal+ and therefore the graphics were 
included in real-time. A number of slow-motion cameras were used to produce 
slow-motion replays during the game. The images from one slow-motion 
camera were managed by one extra personal in the OB van. 
 
Timeline Production: Timeline Production has the same production pipeline 
as Filmpoint and Spekti. 
 
-How many cameras are used at a soccer production? How many of 
those film the field sloping from above (i.e. not from ground level)? How 
are the cameras normally placed? 
 
Filmpoint: During soccer productions at Ullevi (Gothenburg) sixteen cameras 
are used. About five of those films the field sloping from above while the rest 
film from ground level (because it produces more spectacular images). The 
cameras are all but one placed along one of the long sides and from behind the 
two goals. (While filming you only want to film the scene from a maximum of 
180 degrees so you do not confuse the spectator.)  
 
Spekti: During the Borås match about fifteen cameras were used. About four 
of those where filming the field sloping from above. Three cameras were used 
for filming in the studio. The cameras filming the field were placed along one 
of the long side and behind the goals. For images from the opposite long side 
one movable camera were used.  
 
Timeline Production: For Timeline Productions a typical camera placement, 
on e.g. the qualifying match for the world championship on Råsunda, looks 
like this: 
 
K1 = Head camera. Regular optics, 20x. 
K2 = High close-up next to K1. Large optics, 70-86x. 
K3 = Low close-up placed in the middle or to the left of the side line. 
Superslowmotion. Large optics, 70-86x. 
K4 = Movable Steadicam covering the left half of the field (to avoid the 
linesman who always is on the right half of the field). The camera is working 
wireless from a link. Wide-angle optics, 9x. 
K5 = Crane from behind the left goal. Wide-angle optics, 9x. 
K6 = Low close-up placed behind the right goal. Superslowmotion. The 
camera covers both the goals = large optics, 70x. 
K7 = High-end placed high above the right goal. Large optics, 55-70x. This 
camera is covering the length direction; among others shots from the farther 
goal post are displayed very well.  
K8 = 16 meter camera on he left side (offside camera) at height with K1 and 
K2. 
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K9 = As K8 but on the right side. 
K10 = Low reverse, as K3 but on the opposite side. 
K11 = Placed between the benches and is also used for interviews. Normal 
optics, 20x. 
K12 + 13 = Fixed camera behind the goals just behind the ads. Wide-angle 
optics.  
K14 = Beautyshot placed high above the arena. Creates impact, is used for 
background graphics etc.     
 
Something that would facilitate for a virtual camera system is to include 
a number of fixed cameras to the productions. Is this something that is 
viable? 
 
Filmpoint: Filmpoint thought it is most suitable to use a number of fixed 
cameras. They did not think that the rigging of those cameras would be 
difficult, especially not if the positioning can be calculated from the image 
material. According to Filmpoint soccer broadcasts tends to move against two 
more and more polarised areas where one is more high-tech and has a large 
budget with advanced equipment while the other one is a low budget 
alternative. A virtual camera system is only suitable for the more advanced 
broadcasts where there would not be a problem to include a number of fixed 
cameras.     
 
Spekti: Spekti did not agree with Filmpoint that a virtual camera system only 
should be used for high-budget productions. In that case the market for the 
system would be too narrow and no one would buy the system. Spekti was 
very positive to a system that to such a large extent as possible reduces the 
number of fixed cameras. They thought that a system that uses four (or less) 
fixed cameras definitely would be of interest. 
 
Timeline Production: Timeline Production agreed with the statement that a 
virtual camera system only would be used in large productions such as 
international matches, “the match of the week” etc. 
 
-Soccer and American football are large TV-sports which can be suitable 
to adjust the system for. Are there any other sports that have such a large 
production (financially and in terms of interest) that a more advanced 
camera system can be of interest? 
 
Filmpoint: Filmpoint thought the system would be suitable to use at for 
example goal scenes in a number of sport productions as for example skiing 
and sailing. (It would though mean that extra equipment would be needed at 
the production.) The system is also suitable for sport productions where a large 
number of cameras are included.   
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Spekti: Spekti thought that the system would be most suitable for large arena 
sports like soccer, American football and ice-hockey.7 
 
Timeline Production: Timeline Production agrees with Filmpoint and Spekti. 

Questions for the image producer: 

-What is of most interest with a virtual camera system from your 
perspective? What would be the ultimate scenes a system like this could 
produce?  
 
Filmpoint: To be able to produce a virtual camera view generated in real-time 
that for example could be managed with a joystick during the mixing. The 
image quality needs to be high for the system to be implemented in a real TV 
production. 
 
Spekti: While the image material has to be of such high standard Spekti were 
sceptical about the image quality that the virtual camera system can produce. 
They thought that the system would have great potential because it could 
produce statistical information (like the number of shots on goal, ball 
possession etc.) automatically during the games.  
 
Timeline Production: Timeline Production thought it was important that the 
system could be used in real-time for replays. Another important characteristic 
of the system would be that it can deliver different virtual windows, ”big-
screens”, so that it can be used on matches as well as in the studio. This is 
something that several of today’s system can do, among them the one that 
Timeline Production uses during qualifying matches for the world 
championship and international matches for Viasat. Timeline Productions 
system delivers ”big-screens”, distance to the goal at free-kick, shot speed etc. 
 
-A virtual camera system could give rise to interesting replays and the 
ability to more advanced game analysis. Is there any other work of area 
that you can see? 
 
Filmpoint: Filmpoint were mostly interested in real-time aspects of the 
system.  
 
Spekti: Spekti was very interested in a system that can produce reliable game 
statistics automatically which can be a bi-product of the system. 
 

                                                 
7 When it comes to ice-hockey the border can be a problem since it hides large parts of the 
field and the players. 
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Timeline Production: Timeline Production was interested in the possibility to 
include virtual logos and ads. According to Timeline Production this could be 
of crucial importance for the financing of such a system. Especially in Sweden 
which is a small country with comparatively small production budgets. 


