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Sammanfattning 
Abstract 
The need for increased safety and efficiency in civil aviation is pushing the introduction of 
Automatic Dependent Surveillance – Broadcast (ADS-B). The basic principle of ADS-B is that each 
aircraft is able to communicate its position and status over a radio data link to surrounding aircraft. 
In this way each aircraft obtains a detailed picture of the surrounding traffic. During a period of 
transition from today's radar surveillance to ADS-B many aircraft will not be equipped with the 
new data link technology and will therefore be invisible to the ADS-B equipped aircraft. The Traffic 
Information Service – Broadcast (TIS-B) has been conceived to be the solution to this problem.  
TIS-B is defined as a broadcast surveillance service in which data from the ordinary ground radar 
system is transmitted from a ground station to airborne systems, providing an air situation picture 
of the non-ADS-B stations.  
 
The topics of this thesis are the definition and implementation of a TIS-B server. The presented 
solution is an evaluation TIS-B server that will receive data from a data-fusing tracker and provide 
one or several TIS-B ground stations with data filtered according to the settings of the server.  
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1 Introduction 
This document is a Master of Science thesis in Computer Science and 
Engineering at the Department of Electrical Engineering at Linköping 
University. The task was performed in cooperation with Sectra Wireless 
Technologies AB in Linköping. 

1.1 Background 
The need for increased safety and efficiency in civil aviation is pushing the 
introduction of Automatic Dependent Surveillance – Broadcast (ADS-B). The 
basic principle of ADS-B is that each aircraft is able to communicate its position 
and status over a radio data link to surrounding aircraft. In this way each aircraft 
obtains a detailed picture of the surrounding traffic. 

During a period of transition from today's radar surveillance to ADS-B many 
aircraft will not be equipped with the new data link technology and will therefore 
be invisible to the ADS-B equipped aircraft. The Traffic Information Service – 
Broadcast (TIS-B) has been conceived to be the solution to this problem. TIS-B 
is defined as a broadcast surveillance service in which data from the ordinary 
ground radar system is transmitted from a ground station to airborne systems, 
providing an air situation picture of the non-ADS-B stations. 

Sectra Wireless Technologies AB in Linköping has since 2000 been running a 
project, with the purpose to develop hardware and software for an ADS-B 
system. 

1.2 Goal 
The main goal of this thesis project is to define, design and implement an 
evaluation server application for TIS-B. 

During the work on the thesis, two sub-goals were defined: 

• Present a data processing part of the TIS-B server. 
This part will handle the flow of real-time target data and will be the 
core of the application. 

• Present a possible graphical user interface for the TIS-B server. 
The user interface will make it possible to change the settings of the 
TIS-B service and will also make it possible to confirm that the data 
processing part is working correctly. 
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1.3 Method 
The work on the thesis has been divided into a number of separable steps. 

The initial theoretical studies make up an important part of the process. Good 
knowledge of the actual problem is required for handling the problem in a 
suitable way. A rough outline of the report is also preferably created at this time. 

Of course the sub-goals in chapter 1.2 make up the biggest part of the work. 
Each of the sub-goals can be divided into four parts: 

• Definition – what this part of the software should be capable of. 

• Design – how to fulfil the definition. 

• Implementation – how to realize the design in programming code. 

• Test – validate that the application does what was intended. 

Finally the last step of the process is to sum up the results of the work and to 
finish the report. 

1.4 Limitations 
Systems for air traffic control and aircraft navigation and communication put 
heavy demands on reliable software products. Since the server application is 
thought of as a demonstration version rather than a complete product, these 
demands on software quality are ignored. The application should however of 
course meet the normal requirements for reliability. In a commercial product it is 
certainly necessary to include surveillance functionality, to alarm in some way 
when something goes wrong. This will not be done in any other ways than 
displaying warnings in the graphical user interface and writing a log file. 

1.5 Disposition 
The outline of the rest of this document is as follows: 

Chapter 2: Air Traffic Management in civil aviation – presents some of today’s 
problems in civil aviation and offers an introduction to ADS-B. 

Chapter 3: Traffic Information Service – Broadcast – introduces the TIS-B 
service and some of the TIS-B concepts. 

Chapter 4: Definition of the TIS-B server – describes in detail the ground system 
of TIS-B and presents a definition of the TIS-B server. 

Chapter 5: Design and implementation – presents the results of the design and 
implementation phases. 

Chapter 6: Test and validation – describes the results of the tests. 

Chapter 7: Conclusions – presents the conclusions drawn from this project.
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2 Air Traffic Management in civil aviation 
This chapter describes some of the current problems in civil aviation. It also 
offers a brief description of Automatic Dependent Surveillance – Broadcast 
(ADS-B) and a description of how ADS-B may solve these problems. 

2.1 Problems of today 
Air Traffic Management (ATM) is often divided into three sub-categories: 
communication, navigation and surveillance (CNS). Below are some of today’s 
problems divided into these three categories. 

2.1.1 Communication 
One of the major shortcomings of the current system for Air Traffic Control 
(ATC) in civil aviation has been identified as the limitations of voice 
communication. More than 90 percent of the communications today are done by 
voice and many accidents can be derived from poor communication between 
aircraft or between aircraft and the ATC. There is consequently a need for a 
digital air-ground data interchange system to simplify the communications and to 
support automated systems, both in the air and on the ground. 

2.1.2 Navigation 
Today’s air navigation system is characterised by insufficient ATC capacity both 
in so-called en-route sectors and in airport areas. This results in non-optimal 
aircraft routes and considerable delays, which in turn end up in large extra costs 
for airspace users and operators. As traffic is expected to grow in the years to 
come, the delays on the ground and in the air are supposed to increase at an even 
higher rate. Each minute of airborne time saved by one aircraft can be translated 
into millions of dollars of fuel costs saved for an airline fleet seen over a year. 
Increased airborne time also naturally results in increased environmentally 
harmful emissions. 

Due to the problems described above efforts must be focused on bringing down 
the airborne time by allowing flights to fly as close to their optimum routes 
between the departure and destination airports as possible. This will result in 
reduced average airborne time, which also means increased airspace capacity. 
Methods to solve the problem and increase capacity must however preserve or 
even improve air safety. 

2.1.3 Surveillance 
The current surveillance system is based on classical radars. These radar systems 
have limited coverage at low altitudes, in non-continental areas, in blind areas, at 
airport surfaces etc. In addition to this it is, due to mechanical rotation, 
impossible for the current system to adapt the reporting rate preferred by the 
ATC. Another limitation is that radar systems are one-way and do not offer any 
possibility to provide mobile systems with surveillance data that is consistent 
with the surveillance picture of the ground system. 
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2.1.4 Safety considerations 
All the problems mentioned above are potential threats to safety. It has been 
estimated, in [1], that if no changes are made to the current system the aircraft 
accident rate in the USA will increase to nearly one major aircraft accident per 
week by 2012. 

In addition to the problems above, in less developed regions, the lack of 
infrastructure is a major problem. Radar systems are, for example, often too 
expensive to be afforded in these regions. Inadequate communication, navigation 
and surveillance facilities lead to an inefficient and potentially unsafe system. 

2.2 Air traffic management of the future 

2.2.1 The CNS/ATM concept  
At the Tenth Air Navigation Conference in 1991 the ICAO CNS/ATM concept 
was endorsed. The concept offers a solution to the problems described above and 
provides the framework of the future ATM. To achieve this the concept is taking 
advantage of advanced satellite and data link technologies. The satellite 
technology will provide the system with position data with much higher accuracy 
and frequency than can be achieved by today’s radar systems. Ultimately the 
concept will enable aircraft operators to conduct their flights along their 
preferred trajectories, dynamically adjusted, in the optimum and most 
cost-efficient manner. The availability of accurate trajectory data will allow the 
ground system to make very precise conflict predictions and this may lead to 
reductions in separation minima and hence increased traffic capacity. 

2.2.2 Automatic Dependent Surveillance – Broadcast 
Key to the CNS/ATM concept is Automatic Dependent Surveillance – Broadcast 
(ADS-B). ADS-B allows each aircraft to automatically communicate its position, 
as well as current and future intent information, both to the ground system and to 
surrounding aircraft. The communication with surrounding aircraft will enable a 
cockpit display to show a detailed picture of the current traffic situation and in 
this way increase the situational awareness of the pilot. Figure 1 shows the 
principle of ADS-B and ADS-B is described in detail in [2]. 
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Figure 1 – ADS-B overview 

Since air-to-air ADS-B does not need any ground infrastructure the system also 
allows traffic surveillance capabilities to be extended into non-continental areas 
as well as into areas where ordinary radar cannot be afforded. 

ADS-B concerns mainly the surveillance problem but the technology needed for 
ADS-B will also solve the other problems. Surveillance data is for example 
obviously needed to be able to handle the navigation part. Another example is 
the ADS – Contract (ADS-C) that uses the same technology as ADS-B but 
instead of broadcasting, the message is sent to a specific receiver. ADS-C will 
therefore be able handle the point-to-point communications between aircraft and 
the ATC. 
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2.2.3 The enabling technology 
VHF Data Link (VDL) Mode 4 is the data transmission technology that will 
realize ADS-B. The technology was designed to support time critical 
applications and services requiring a high-capacity data link. VDL Mode 4 
transmits digital data on a standard VHF communication channel and uses the 
Self-organized Time Division Multiple Access (STDMA) concept. In a TDMA 
system the communication channel is divided into time segments called frames. 
These frames are in turn subdivided into time slots and at the beginning of each 
slot a station may transmit a VDL Mode 4 message. Figure 2 shows an example 
of TDMA. For more detailed information about VDL Mode 4 see [2]. 

There are other technologies for realizing ADS-B, but since Sectra is working 
with VDL Mode 4 this technology is mentioned in this report. 

 

1 2 3 4 5 6 ...

Frame

Time slot 1 
used by 
aircraft A 

Time slot 3 
used by 
aircraft B 

Time slot 2 
used by 
ground 
station 

 

Figure 2 – Time slots in VDL Mode 4 
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3 Traffic Information Service – Broadcast 
This chapter introduces the Traffic Information Service – Broadcast (TIS-B) and 
explains some important concepts in the context of TIS-B. 

3.1 Introduction 
During the transition from today’s radar surveillance to ADS-B the problem will 
be that many aircraft will not be equipped with the new data link technology. As 
a result of this, these aircraft will be invisible to the ADS-B equipped aircraft. 
The solution is a concept called Traffic Information Service – Broadcast. It has 
been defined as a broadcast surveillance service where surveillance information 
from the ordinary ground radar system will be transmitted from a ground station 
to airborne systems as well as to mobile ground systems. This will enable the 
ADS-B equipped stations to provide the pilot or driver with the complete current 
traffic situational picture. 

3.2 Overview of TIS-B 
The purpose of TIS-B is basically to provide airborne systems and mobile 
ground systems with surveillance data that is consistent with the ground 
surveillance picture. TIS-B is described in detail in [3]. 

 

TIS-B 
Ground 
Station 

Radar  
Ground 
Station 

Processing 
system 

ADS-B  
Ground 
Station 

ADS-B 
data 

 

Figure 3 – TIS-B service 

Figure 3 offers a description of how TIS-B is supposed to work. The radar 
ground station will generate surveillance data for all targets while the ADS-B 
ground station will receive data from ADS-B equipped targets. The processing 
system will merge the data and may add identification information when 
available. It will also add some data about the TIS-B service and may also filter 
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the data according to the settings of the TIS-B service. The data will then be 
forwarded to the TIS-B ground station where it finally will be converted into 
VDL Mode 4 format and broadcast to the air. The ADS-B equipped aircraft will 
receive ADS-B data, directly from other ADS-B equipped aircraft, and TIS-B 
data, from the ground station, and will therefore be able to show the complete 
current traffic situation to the pilot. 

3.3 TIS-B modes 
The TIS-B service provides two different modes: The ”full surveillance picture” 
and the ”gap filler service”. In full surveillance picture mode information of all 
surveillance targets are transmitted via TIS-B, while in the gap filler service 
mode the processing system uses the information from the ADS-B ground station 
to remove targets with ADS-B equipment. Only data of targets without ADS-B 
equipment will consequently be transmitted. This thesis project concentrates on 
the gap filler mode, but the application should be capable of providing the full 
surveillance picture mode as well. 

3.4 Service volumes 
For each area of a TIS-B service a service volume (SV) shall be defined. The SV 
represents an airspace volume where the TIS-B service is offered. The SV must 
be totally covered by both the radar ground station and the TIS-B ground station. 
The purpose of the SV is that the pilot or driver should know when it is possible 
to totally rely on the surveillance information presented. Outside the SV the 
TIS-B will be missing and the surveillance information will not be complete 
since aircraft without ADS-B equipment will be missing. The SV can be of two 
different types, airborne or ground. The main difference is that data of a ground 
vehicle target will not be broadcast in an airborne SV. The SVs are defined by a 
polygon shape and a maximum and minimum altitude. Figure 4 shows a basic 
shape of a SV. Radar targets outside the SV are not transmitted by the TIS-B 
service. Each TIS-B ground station should support up to four different SVs and 
each SV should only have one ground station. The SVs may overlap each other 
and each aircraft must be able to monitor several SVs at the same time. 
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Figure 4 – TIS-B service volume 

3.5 TIS-B messages 
The TIS-B ground station is broadcasting surveillance data at regular intervals. 
The broadcast consists of two different types of messages: management 
messages and target messages. The management message contains information 
about the TIS-B service settings and the SV definition. A target message can in 
turn be of three different types, an aircraft target in a ground SV, an aircraft 
target in an airborne SV or a ground vehicle target. Each broadcast starts with a 
management message, followed by one target message for each TIS-B target 
within the SV. The content of the different messages is described in [3]. 
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4 Definition of the TIS-B server 
This chapter describes in detail how the ground system of TIS-B is supposed to 
work. An introduction to the ASTERIX protocol is also given and finally the 
requirements of the TIS-B server are presented. 

Today there is no standard definition, neither of what a TIS-B server is nor what 
it is supposed to do. The TIS-B service description [3] presents in detail how the 
TIS-B service is supposed to work and describes for example the contents of the 
TIS-B messages, the SV definition and so on. The TIS-B server definition in this 
chapter is mainly derived from the service description. 

4.1 The different parts of the TIS-B ground system 
The processing system in Figure 3 is normally divided into several sub-systems. 
It is however neither clearly defined which these sub-systems should be nor how 
the different tasks of the TIS-B service should be distributed between them. A 
common approach is to divide the processing system into one tracker and one 
TIS-B server. The approach is described in [3] and [4], and is shown in Figure 5. 

 

Radar data 
Tracker TIS-B server 

TIS-B  
ground station 

TIS-B  
ground station 

TIS-B  
ground station 

ADS-B data 

Processing 
system 

Radar data 

Flight data 

 

Figure 5 – The processing system 

4.1.1 The tracker 
The main reason for the approach in Figure 5 is that the tracker already exists in 
the ATM ground system of today. It is for example used by the ATC. The main 
tasks of the tracker are to merge radar data and to add flight information 
provided from a database. The radar data may be on different formats and may 
come from several different sources. The new task of the tracker will be to add 
ADS-B data in the merging process. 

4.1.2 The TIS-B server 
The TIS-B server is responsible for defining the SVs and for removing targets 
outside a SV. The server should also be capable of the gap filler service mode, 
i.e. remove targets with ADS-B equipment. Another task is to determine if the 
ADS-B equipment is not working and in such case transmit correct position radar 
data for that particular target even if the service is in gap filler service mode. The 
server is finally responsible for creating the TIS-B management messages. 
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4.1.3 The TIS-B ground station 
When the ground station receives data from the TIS-B server it will have to 
convert the data into VDL mode 4 messages that will be broadcast. The ground 
station will also handle scheduling and other tasks related to the broadcast. 

4.1.4 The ASTERIX protocols 
For communication between the different parts in Figure 5 the ASTERIX 
protocols are used. ASTERIX is a collection of application/presentation 
protocols developed to support surveillance data exchange and transmission. 
ASTERIX is widely used and the general structure of a protocol message is 
shown in Figure 6 and is described in [5]. In a message, the ASTERIX category 
number and the size of the message are followed by one or several records of the 
given category. Each record starts with a field specification that is followed by 
the data fields. The content of these fields is the issue that differs between the 
different categories. The different categories are used for different purposes and 
in the context of the TIS-B server two different categories are used. Category 62 
(see [6] for details) is used for target messages that are sent from the tracker to 
the server but also from the server to the ground station. Category 22 (see [7] for 
details) is used for the TIS-B management messages that are sent from the server 
to the ground station. Since these categories still are working drafts it is desirable 
that the system is flexible to future changes of the protocols. This report is based 
on the latest ASTERIX versions available, which means version 0.23 of category 
62 and version 0.10 of category 22. To be able to test the application the server 
was adjusted to handle version 0.18 of category 62. See chapter 6.1.1 for further 
information. 

... Record  nCategory Size

Data field 2FSPEC Data field 1 Data field 3 Data field 4

Record

ASTERIX  message

Record  1

 

Figure 6 – ASTERIX message structure 

4.2 Requirements of the TIS-B server 
Before stating the requirements of the TIS-B server, the server was divided into 
two different parts; one data processing part, handling the flow of target data, 
and one graphical user interface, handling the SV definition and other settings of 
the service. 
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Starting from the approach described in [3] and [4] a discussion with Sectra led 
to the following requirements of the TIS-B server. Items marked with (I) are 
primary requirements and items marked with (II) are secondary requirements. 

4.2.1 The overall system 
The whole system should be able to: 

1. Handle four (4) service volumes per ground station. (I) 

2. Handle several ground stations. (II) 

3. Keep the delay of the system to a minimum. (I) 

Item 1 is an established fact of the TIS-B service, while item 2 is due to practical 
reasons. Since the data handled is real-time data it is important to minimize the 
delay of the system and therefore item 3 was added. 

4.2.2 The data processing part 
The data processing part of the server should be able to: 

4. Receive radar target data on ASTERIX category 62 format. (I) 

5. Discard old data. (I) 

6. Remove targets that have correctly working ADS-B equipment, i.e. 
switch between ”full surveillance mode” and ”gap filler service 
mode”. (I) 

7. Remove targets outside the service volume. (I) 

8. Create complete management messages on ASTERIX category 22 
format. (I) 

9. Create ASTERIX category 62 messages with information about the 
TIS-B service added. (I) 

10. Send management messages (ASTERIX category 22) and target 
messages (ASTERIX category 62). (I)  

11. Restrict outgoing data rate. (I) 

12. Schedule the outgoing data flow. (I) 

13. Record incoming data. (II) 

14. Record outgoing data. (II) 

Items 4-10 are fundamental for the functionality of the TIS-B server. The 
ASTERIX protocol should be used since the standard is widely used. Item 11 
should prevent overloading the TIS-B ground station and 12 should prevent 
unnecessary queuing at the ground station. Items 13 may be useful for security 
reasons, as an audit log, while item 14 was added for testing. 
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4.2.3 The graphical user interface  
The graphical user interface (GUI) should be able to: 

15. Add and remove ground stations. (II) 

16. Add, remove and redefine service volumes. (I) 

17. Show the current traffic situation in a service volume. (I) 

18. Change the settings for options described in the data processing 
part. (I) 

19. Change additional settings for the service volume. (I) 

20. Change settings for network connections, both from the tracker and to 
the ground station(s). (I) 

21. Save and load configuration settings. (I) 

22. Show replay of recorded incoming data. (II) 

Items 15 and 16 are fundamental for the functionality of the TIS-B server. Item 
17 makes it easier for the operator to use the application and to get feedback 
from the system. Items 18-21 were added to make it easy to change the settings. 
Item 22 makes it easy to check the content of recorded data. 

4.2.4 Non-functional requirements 
23. The application should be flexible to future changes of the ASTERIX 

formats. (I) 

24. The application should be implemented in Microsoft® Visual Studio. (I) 

Item 23 is due to the fact that the ASTERIX formats still are working drafts and 
item 24 was required from Sectra. 

4.3 Alternative solutions 
The two obvious alternatives concerning the definition of the TIS-B server 
would either be to put the server together with the tracker or together with the 
ground station. The main advantages with the tracker would be that some time 
probably would be saved and that many decisions taken during the data 
processing would be simplified. The problem with this solution is that the tracker 
is used by other systems than TIS-B. This would almost certainly limit the 
possibility to merge the two modules. The benefit from the ground station 
solution would once again be time saving since this would minimize the queuing 
and prevent doing some operations twice, such as parsing and scheduling. The 
main drawbacks would be that one TIS-B server would be needed for each 
ground station and that the central administration in that case would be missing. 
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5 Design and implementation 
This chapter presents the results of the design and implementation phases. The 
different parts of the TIS-B server are also described in detail. 

The two different parts of the server were designed and implemented as two 
separate applications. Due to the need for a fast system the data processing part 
was implemented in Visual C++. The GUI could have been implemented in 
Visual Basic but because of positive experiences of developing GUIs in Visual 
C++, that programming language was chosen for the GUI as well. 

5.1 The data processing part 
Starting from the requirements in chapter 4.2 the design phase led to the 
following structure of the data processing part of the server (Figure 7). 

Parser Database Sender
Cat 62

Tracker

Cat 62
Cat 22
Ground
station  

Figure 7 – The data processing part 

5.1.1 Parser 
The task of the parser is to receive the incoming target message (ASTERIX 
category 62), parse through the data and save interesting parts of the data in the 
database. Since the ASTERIX message format still is working draft an isolated 
definition of the message was made within the program. The parser is then using 
this definition during the parsing. This means that when the message format is 
changing only the definition has to be changed and not the parser itself. In the 
definition some fields have been labelled as critical, which means that if one of 
these fields is missing the parser will not accept the data. See also chapter 5.1.4. 

Since almost no field in the incoming ASTERIX message is mandatory some 
tasks might be hard to carry out. An example of this is to detect whether the 
target is a ground vehicle or not. The parser is then looking for three optional 
fields: 

• “Emitter category” in the Mode-S/ADS-B related data 

• Vehicle fleet identification 

• Pre-programmed messages 

If none of the fields above indicates that the target is a ground vehicle or if the 
fields are missing the target will be thought of as an aircraft. 

A summary of the decisions made by the server can be found in Appendix D: 
Basis for the decisions made by the TIS-B server. 
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5.1.2 Database 
The purpose of the database is to store all data needed for the application. This 
includes both target data and the settings of the TIS-B service. Since one of the 
main requirements was to minimize the delay some kind of in-memory database 
was desirable. Because of its simplicity a trial version of the SQL/XML-
IMDB™ from QuiLogic Inc. was selected. The trial version is limited to one 
hour operation time per session. See [8] for further information about this 
particular database. The database is completely isolated in the programming code 
to make it possible to easily change database system.  

During run-time the database holds all data needed. If the application is shut 
down all settings are saved to a configuration file that is read when the 
application is started. Since target data is of no interest when it is old, the target 
data is discarded on shut down. 

5.1.3 Sender 
The sender handles the transmission of data to the ground stations and since the 
transmissions should be simultaneous there is one sender for each ground station. 
The tasks of the sender can be divided into two parts: collecting data and sending 
data.  

Collecting data 
The collecting part collects data from the database and then filters the data 
according to the settings of the service. One of the main tasks is to find out 
whether a target is within a service volume or not. As described earlier the 
service volume is defined by a polygon shape and two altitude extremes. Since 
the altitude of a target may be missing the following rules were created:  

• If the target has an altitude, it must be within the SV. 

• If no altitude exists the SV must be of ground type. 

The target must of course also be within the polygon shape to be inside the SV. 
To determine whether a target is within the polygon a simple algorithm was 
evolved from the ideas of the “odd-even rule” described in [9]. The algorithm 
counts the number of times a beam of the target is crossed by the polygon edges. 
An example is shown in Figure 8. If the beam is crossed an odd number of times 
the target is within the polygon. 
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Figure 8 – Inside SV detection 

The collecting part is finally responsible for putting together the two different 
ASTERIX messages from the data collected. The ASTERIX category 22 
message is almost identical to the TIS-B VDL mode 4 management message and 
this results therefore in no problem. The ASTERIX category 62 message is 
unfortunately not that easy to adapt to the different VDL mode 4 target messages 
of TIS-B. One approach is given for the ground station interface in [10] and this 
approach is used for the TIS-B message ID and for the SV ID. Which fields that 
are present in the messages are described in Appendix B: ASTERIX formats. 

Sending data 
The sending part handles the scheduling of message transmissions to the ground 
station. Since it is desirable to minimize the queuing in the ground station the 
transmissions are spread in time during the update period. This means that the 
targets are divided into several “packets” that are sent with some interval. An 
example is shown in Figure 9. It is also desirable that these packets do not 
contain too few targets since this might result in a lot of empty space in the VDL 
mode 4 messages finally broadcast by the ground station. The sender is therefore 
also considering the “minimum packet size” that can be set in the application. In 
addition to this the sending part is also checking that the maximum data flow is 
not exceeded. 
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Figure 9 – Scheduling the sending of data 

5.1.4 Requirements for the environment 
The incoming target message must contain a target position, some kind of 
identification and a timestamp telling the age of the data. If one of these fields is 
missing the parser will not accept the data. The fields needed to be able to 
provide both target messages and management messages without default values 
are presented in Appendix B: ASTERIX formats. 

When the ground station receives data it will have to convert it into TIS-B VDL 
mode 4 messages that actually will be broadcast. How the fields in the ASTERIX 
messages sent from the TIS-B server should be used to produce these VDL mode 
4 messages is presented in Appendix C: TIS-B VDL mode 4 messages. 

During the work it was noticed that the callsign identification is quite space 
consuming and therefore it should not be included in every broadcast. The TIS-B 
server is not dealing with this consideration at all, but is forwarding the callsign 
field when it exists. The decision may instead be taken in the TIS-B ground 
station with regard to the current load of the traffic. 

The data processing part of the server will discard data that is older than a 
specified value. This implies that the computer where the server runs must have 
some kind of time synchronization. This is however not a problem since servers 
for this purpose (NTP-servers) are quite common and client synchronizers can be 
downloaded for free. 

5.1.5 Requirements not implemented 
The requirements 13-14 are not implemented in the intended way. Due to limited 
time and test reasons, the network connection is not implemented. Instead the 
server is reading a file as input and writing a file as output. This was however not 
the way expected in the requirements mentioned above. Further information is 
given in Chapter 6. 

5.1.6 Alternative solutions 
A possible alternative implementation would be to do the filtering in the parser 
instead of in the sender. This would save some space in the database but would 
probably not save any time since each target still has to be tested against every 
SV. This solution would also spoil the distinct separation between the different 
functions of the program. 
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5.2 The graphical user interface 

5.2.1 Communication with the data processing part 
The main task of the GUI is to define ground stations (GS) with SVs and to be 
able to change the settings of the TIS-B service. Some kind of communication 
with the data processing part is of course necessary and since the chosen 
database makes it possible to easily share data, this was the obvious choice of 
communication channel. As in the data processing part the programming code 
connected to the database is isolated to make the transfer to another database 
easy. 

5.2.2 Appearance and functionality of the GUI 

 

Figure 10 – Main window 

The main window of the GUI is shown in Figure 10. From the menu, shown in 
Figure 11, it is possible to load an existing configuration and to save the current 
configuration to a file. From the menu it is also possible to open a dialog for 
changing the global properties of the server. The dialog for the global settings is 
shown in Figure 12. The properties that only concern the behaviour of the GUI 
are not saved in the database, but are instead saved to the Windows registry. 
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Figure 11 – Menu 

  

Figure 12 – Global properties 

At the top-left of the main window there is a tree structure with the ground 
stations handled by the server and their service volumes. Below the tree are some 
buttons for modifying the tree items, e.g. adding and removing SVs. The 
functions of the buttons also exist on a context menu, shown when right-clicking 
on the tree items. Below the buttons some property fields are showing the 
properties of the item selected in the tree structure. To the right is the plot area 
and at the bottom are some status fields indicating the current status for input and 
output with both text and coloured indicators. At the bottom-right a status log is 
showing errors and status changes of the server.  

When a GS is selected in the tree structure, the properties of the GS are shown. 
These properties can be changed by using the edit button below the tree. The 
dialog in Figure 13 shows the properties and this dialog is also shown when 
adding a GS. 
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Figure 13 – Ground station properties 

When a GS is selected the plot to the right shows the SVs of the selected GS. 
Figure 10 shows an example of this. If a SV is selected the properties of the SV 
are shown and the plot is then showing the current traffic situation in the SV, see 
Figure 14. At each target the ID is displayed and when the target is an airborne 
aircraft the altitude is also shown. The refresh rate of the plot is set in the global 
properties dialog, Figure 12. 

 

Figure 14 – Service volume plot 

When editing or adding a SV the dialog in Figure 15 is shown. To the left 
vertices of the SV can be added or changed and the plot preview to the right is 
showing the current shape of the SV. The polygon is drawn from the vertices of 
the list and is automatically closed. The arrows in the middle can be used to 
change the position of the vertices in the list. Tests are made to make sure that 
the edges of the SV not are crossing each other. In the middle of the dialog there 
is a status text telling the user if some of the physical properties are incorrect.  

In the TIS-B VDL mode 4 messages all coordinates are given relative to a 
reference point. This reference point is part of the management message sent 
from the TIS-B server and the point is here calculated as the centre of the 
smallest rectangle that includes all vertices. 
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Figure 15 – Service volume properties 

5.2.3 Requirements not implemented 
The requirement 22 was not implemented in the intended way. Since the function 
for recording was not implemented (see chapter 5.1.5) there was no reason to 
implement the function for showing replays. 
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6 Test and validation 
This chapter describes some results of the testing part of the project. 

6.1 The data processing part 
The obvious problem when testing the data processing part has been the absence 
of the environment where the TIS-B server is supposed to run. Neither a tracker 
nor a TIS-B ground station was available and this was one reason that the 
network connection part of the server was not implemented. To implement some 
kind of network functionality without having the surrounding environment 
would have required building a quite complex test environment to be able to 
validate the real-time functionality of the system. There was simply no time for 
building such an environment. Because of this the tests have not been as 
extensive and as close as desired and much more tests are needed before the 
functionality and reliability of the data processing part can be considered as 
validated. 

The absence of on-line data as input to the system has resulted in very brief tests 
of some parts, for example the functionality for discarding old data and to do so-
called “garbage collection” in the database. Some parts of the code, for example 
the inside test for the service volume, was re-used in the GUI and those parts 
were mainly tested in that part because of the graphical feedback. 

6.1.1 Parser 
During the whole project there have been problems to get input data for the 
system to parse. Quite early it was obvious that no on-line data was to be found 
and when we finally got hold of ASTERIX data on a file it was an older version 
of category 62. The good thing about this was that the demand for flexibility to 
changes in the ASTERIX protocols was thoroughly tested. The parser was 
without trouble re-built to accept version 0.18 of ASTERIX category 62 as input. 
The parser was after this tested with both the real input data and generated input 
data. 

6.1.2 Database 
During the tests there was a problem with the database causing the whole system 
to hang. The problem appeared when increasing the numbers of ground stations 
and service volumes and seemed to be caused by read/write locking in one of the 
database tables. Minor changes were made in the database requests and thereby 
the time during which each thread had to access the particular table was 
considerably decreased. After the changes the problem has not occurred again. 

In chapter 6.1.4 the choice and performance of the database are evaluated. 
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6.1.3 Sender 
To change ASTERIX output format no changes were needed in the sending part. 
Since the sender totally depends on the data stored in the database, and this data 
in turn comes from the parser, the target messages sent from the sender became 
version 0.18 without changes. 

A professional application, ASTERIX Analyser from Duetsche Flugsicherung 
GmbH, has been used to validate the correctness of the data sent from TIS-B 
server. 

6.1.4 System performance 
One of the overall system requirements was to keep the delay of the system to a 
minimum. To estimate the system delay and to evaluate the database chosen 
some tests were made with this purpose.  

The database from QuiLogic, used in the server, was compared with a simple 
data structure in memory and with a Microsoft® Access database. The data 
structure was chosen because nothing will probably be faster than that and it was 
for that reason interesting to see how much slower the QuiLogic database was. 
The Access database was chosen since it is one of the most common databases. It 
should be noticed that the simple data structure is not usable in the form used in 
the test. It lacks for example every kind of synchronization for handling multi-
threads that clearly is needed in the server. 

The test was accomplished with one ground station with one service volume and 
with an increasing number of targets. At the test the server was running under 
Microsoft® Windows XP® on a computer with a 700 MHz CPU and with 512 
MB of RAM. The result of the test is shown in Figure 16. A second test was also 
made on a similar computer but with 256 MB RAM and Windows 2000®. The 
result of this test did not significantly differ from the first one. 
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Figure 16 – Minimum system delay 
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The time measured in the tests was the minimum system delay, which means the 
minimum time from the point when a target is received by the parser to the point 
when it appears on the output. To get the maximum system delay the settings for 
update period and scheduling must be considered.  

The conclusion from the tests, which also is evident from Figure 16, is that the 
database from QuiLogic is fast. On average it gave the system 1.6 times more 
delay than the memory structure. This can be compared with the Access database 
that on average gave the system 6.8 times more delay. It can also be concluded 
that it is important to keep the number of targets processed by the server 
reasonably low to get a low delay. Without real field-tests it is difficult to state 
what delay can be accepted. Probably the delay may only be a problem in areas 
with high-density traffic. The solution in such case could be to split the SVs, use 
one TIS-B server for each SV and also use some kind of pre-filtering application 
to remove unnecessary targets and in this way decrease the number of targets 
processed by each TIS-B server. 

6.1.5 Opinions on the ASTERIX format 
As noticed before the ASTERIX protocols used in the TIS-B server are still 
working drafts. The main structure of the protocol, shown in Figure 6, is 
however fixed. There is no version handling at all within the protocols and 
during the work with the data processing part the absence of version handling 
has appeared to be a true weakness. ASTERIX is solving the problem by giving 
a new version a different category number. This is however not done for the draft 
versions and since category 62 is not backwards compatible this fact makes it 
impossible to be able to handle several draft versions of the same category. 

Another comment can be made on the fact that ASTERIX lacks any kind of 
checksum. One possibility could be to use one of the extra fields at the end of the 
ASTERIX message to add some kind of checksum. Because of the safety 
demands and the sensitivity of this kind of information some kind of checksum 
should be considered in a commercial product. 

6.2 The graphical user interface 

6.2.1 Functionality 
The functionality of the GUI has to some extent been carefully tested. This 
mainly involves the re-used code from the data processing part, primarily 
concerning the filtering phase. The geometric matters, such as plotting and 
preventing crossing of the SV edges, have also been thoroughly tested. 

6.2.2 Appearance 
The appearance of the GUI has only been evaluated by a couple of persons at 
Sectra. Before developing the GUI any further it is of course desirable that some 
end-users are able to give their opinions on the GUI. 
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7 Conclusions 
This chapter sums up the results from the previous chapters and represents the 
end of this thesis. 

Working on this thesis has been an interesting and rewarding task. It has been 
especially interesting to be at the front of the development where standards still 
are revised, no similar applications exist and no environment for the system 
exists. These facts of course bring some disadvantages as well. 

7.1 Future CNS system 
The need for new CNS systems in civil aviation can hardly be questioned. The 
CNS/ATM concept with ADS-B as the key seems to be a good solution that can 
solve many of today’s problems. During the transition to ADS-B the TIS-B 
concept will certainly be needed to provide ADS-B equipped stations with data 
of the non-ADS-B equipped stations. 

7.2 The TIS-B server presented 
The TIS-B server developed during this project and described in this report is a 
good example of how a future TIS-B server product is supposed to work. The 
server has all the features and functionality that are expected by the TIS-B 
concept. Real field tests are however needed to validate the correctness and 
reliability of the server. 

7.2.1 The data processing part 
The data processing part of the server is the heart of the server and offers data 
processing that is reasonable fast. The structure of the parser is very general and 
can easily be extended to accept other ASTERIX categories. This makes it very 
straightforward to re-use the parser in other applications where an ASTERIX 
parser is needed, for example in the TIS-B ground station or in a test and 
development tool for analysing ASTERIX data. 

7.2.2 The graphical user interface 
The GUI presented represents an easy way to administrate the TIS-B server. It is 
straightforward to set up the server and to make changes in the settings. The 
advantage of a GUI, compared with e.g. a configuration text file, is that it is 
much easier to get feedback from the system and thereby confirm that the 
settings made are correct. 
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7.2.3 Future extensions 
• When the environment where the server is supposed to run exists, the 

first thing needed would naturally be some kind of network connection 
with the surrounding systems. 

• In civil aviation there is a completely different level of safety demands 
on software products than on the presented server. This aspect must be 
taken into account when developing the system.  

• In the GUI a nice future feature would be to enable maps as background 
when defining service volumes and when showing the traffic plot. This 
will simplify verification of the settings even more. 

7.3 Possible problems 
Target identification falls out of the scope of the TIS-B server but some 
reflections can yet be presented. The absence of general target identification 
seems to be a great disadvantage in the ATM world of today. The ICAO address 
that exists in ADS-B may solve this problem but targets missing the ADS-B 
equipment will still use a variety of target identification that may or may not be 
unique in the current context. In addition to this, today there is no way to identify 
a ground target, which does not have ADS-B equipment. It does not matter if the 
target is a vehicle or an aircraft. The ground radar used on airports can simply 
not be used to do that. This is a problem that has to be solved before the TIS-B 
service can be used on the ground. 

As noticed in this report the ASTERIX protocols lack any kind of version 
handling. This fact can however hardly be considered as a big problem, but 
rather as a weakness and an inconvenience that will disappear when the final 
versions are released. 



A server application for Traffic Information Service – Broadcast 

   

  29 

 

8 References 
[1] White House Commission on Aviation Safety & Security, Final Report to 

President Clinton. Vice President Al Gore, Chairman, February, 1997 

[2] VDL Mode 4 in CNS/ATM – Master Document, Issue 1, Swedish Civil 
Aviation Administration, October 1999 

[3] TIS-B Service Description, Andreas Nees, Oliver Reitenbach, Deutsche 
Flugsicherung GmbH, DFS_NUP_WP9_05-1.0 

[4] TAGA TIS-B, Deutsche Flugsicherung GmbH, 2002 

[5] Surveillance Data Exchange – Part 1 All Purpose Structured Eurocontrol 
Surveillance Information Exchange (ASTERIX), Eurocontrol, 
SUR.ET1.ST05.2000-STD-01-01, December 2001 

[6] Surveillance Data Exchange – Part 9 Transmission of System Track Data, 
Eurocontrol, SUR.ET1.ST05.2000-STD-09-01, January 2002 

[7] Surveillance Data Exchange – Part 13 Transmission of TIS-B Management 
Messages, Eurocontrol, SUR.ET1.ST05.2000-STD-13-01, September 2001 

[8] User guide and Reference Manual, In Memory Database Engine, QuiLogic 
Inc., version 3.0, 2002 

[9] Computer Graphics, Donald Hearn and M. Pauline Baker, Prentice Hall 
1997 

[10] Generic VDL Mode 4 Ground Station Specification, Swedish Civil Aviation 
Administration, August 2002 

 



A server application for Traffic Information Service – Broadcast 

 

30 

 



A server application for Traffic Information Service – Broadcast 

   

  31 

 

Appendix A: Abbreviations and acronyms 
ADS Automatic Dependent Surveillance 
ADS-B ADS-Broadcast 
ASTERIX All purpose STructured Eurocontrol Radar Information 

eXchange 
ATC Air Traffic Control 
ATM Air Traffic Management 
CNS Communications, Navigation and Surveillance 
CNS/ATM Communications, Navigation, Surveillance (in support of)  

Air Traffic Management 
CPU  Central Processing Unit 
Eurocontrol European Organisation for the safety of Air Navigation 
GS Ground Station 
GUI Graphical User Interface 
ICAO  International Civil Aviation Organization 
ID  Identification 
Mode S Mode Select (Selective Co-operative Secondary Surveillance 

System) 
NEAN North European ADS-B Network 
NTP Network Time Protocol 
NUP NEAN Update Programme 
RAM Random Access Memory 
SQL Structured Query Language 
STDMA Self-organized TDMA 
TDMA Time Division Multiple Access 
TIS Traffic Information Service 
TIS-B TIS Broadcast 
VDL VHF Digital Link 
VHF Very High Frequency 
WGS-84 World Geodetic System 1984 
XML Extensible Markup Language 
 



A server application for Traffic Information Service – Broadcast 

 

32 

 



A server application for Traffic Information Service – Broadcast 

   

  33 

 

Appendix B: ASTERIX formats 

Requirements for incoming data 
The following fields are needed in the received ASTERIX category 62 messages 
(version 0.23) to be able to provide both target messages and management 
messages without using default values. 

Data  
item Field A

ir
cr

af
t (

ai
rb

or
ne

) 

A
ir

cr
af

t (
gr

ou
nd

) 

G
ro

un
d 

ve
hi

cl
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000 Message type x x x 
010 Data source Identifier x x x 
015 Service identification x x x 
040 Track number   x 
060 Track mode 3/A code x1 x1  
070 Time of track information x x x 
080 Track status x x x 

 1st extent x x x 
105 Calculated track position (WGS-84) x x x 
135 Calculated track barometric altitude x   
185 Calculated track velocity x x x 
290 System track update age x x x 

 ADS-B age (sub field #7) x x x 
380 Mode-S / ADS-B related data x x x 

 Target address (sub field #2) x1 x1  
 Target identification (sub field #3) x x  

 Communications/ACAS capability and 
flight status (sub field #4) x   

 Emitter category (sub field #9) x x  
 Available technologies (sub field #11) x2 x2 x2 

390 Flight plan related data x x  
 Callsign (sub field #2) x x  

500 Estimated accuracies x x x 

 Estimated accuracy of track position 
(Cartesian) (sub field #1) x x x 

 
1 Depending on the kind of aircraft identification this field may be missing. 
2 If VDL mode 4 is available. 
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Contents of outgoing data 

ASTERIX category 22 – Management message 
Below is the content of the outgoing management message on ASTERIX 
category 22 format (version 0.10). All fields are always present. 

Data item Field 
010 Version number 
020 Service volume identity 
040 Update period 
050 Number of TIS-B targets 
060 Number of ASD-B targets 
070 Accuracy of TIS-B targets 
080 Service volume reference point 
090 Service volume altitude extremes 
100 Service volume vertices 

ASTERIX category 62 – Target message 
Below is the content of the outgoing target message on ASTERIX category 62 
format (version 0.23).  

Data item Field 
000 Message type 
010 Data source Identifier 
0151 Service identification 
040 Track number 
060 Track mode 3/A code 
0701 Time of track information 
080 Track status 

 First extent 
1051 Calculated track position (WGS-84) 
135 Calculated track barometric altitude 
185 Calculated track velocity 
290 System track update ages 

 ADS-B age (sub field #7) 
380 Mode-S / ADS-B related data 

 Target address (sub field #2) 
 Target identification (sub field #3) 

 Communications/ACAS and flight status  
(sub field #4) 

 Emitter category (sub field #9) 
390 Flight plan related 

 Callsign (sub field #2) 
 

1 Fields that are always present. The rest of the fields are sent from the server if 
they were present in the incoming message. 
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Appendix C: TIS-B VDL mode 4 messages 

Use of sent data in the ground station 
This section describes how to fill the fields of the TIS-B VDL mode 4 messages. 
Some values have to be converted because of the differences between the format 
of the ASTERIX messages and the format of the TIS-B VDL mode 4 messages. 
Since the messages of ASTERIX category 22 totally agree with the TIS-B VDL 
mode 4 management messages only the target messages are presented below. 
The numbers within parenthesis are the data item number and, when exists, the 
sub field or extents. 

Airborne aircraft message 
Main data Source field in ASTERIX category 62 
TIS-B message ID Service identification (015)1 
SV ID Service identification (015)1 

Target identifier Mode-S / ADS-B related data (380#2) or  
Track mode 3/A code (60) 

Target identifier flag From the field above 
ADS-B fused data flag Existence of System track update ages (290#7) 
ADS-B fault flag Track status (080 – ext 1) 
Latitude Calculated track position (WGS-84) (105) 
Longitude Calculated track position (WGS-84) (105) 
Barometric altitude Calculated track barometric Altitude (135) 
Altitude resolution flag Mode-S / ADS-B related data (380#4) 
Ground speed Calculated track velocity (180) 
Ground track Calculated track velocity (180) 
Time stamp Time of track information (70) 

Flight ID flag Existence of sub fields in  
Mode-S / ADS-B related data (380) 

Flight ID type Existence of Flight plan related data (390#2) and  
Track mode 3/A code (60) 

Callsign Mode-S / ADS-B related data (380#3) or 
Flight plan related data (390#2) 

Registration marking Mode-S / ADS-B related data (380#3) 
Mode A code Track mode 3/A code (60) 
Aircraft category Mode-S / ADS-B related data (380#9) 
 
1 See [10] for further information. 
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Ground aircraft message 
Main data Source field in cat 62 
TIS-B message ID Service identification (015)1 
SV ID Service identification (015)1 

Target identifier Mode-S / ADS-B related data (380#2) or  
Track mode 3/A code (60) 

Target identifier flag From the field above 
ADS-B fused data flag Existence of System track update ages (290#7) 
ADS-B fault flag Track status (080 – ext 1) 
Latitude Calculated track position (WGS-84) (105) 
Longitude Calculated track position (WGS-84) (105) 
Ground speed Calculated track velocity (180) 
Ground track Calculated track velocity (180) 
Time stamp Time of track information (70) 

Flight ID flag Existence of sub fields in  
Mode-S / ADS-B related data (380) 

Flight ID type Existence of Flight plan related data (390#2) and  
Track mode 3/A code (60) 

Callsign Mode-S / ADS-B related data (380#3) or 
Flight plan related data (390#2) 

Registration marking Mode-S / ADS-B related data (380#3) 
Mode A code Track mode 3/A code (60) 
Aircraft category Mode-S / ADS-B related data (380#9) 

Ground vehicle message 
Main data Source field in cat 62 
TIS-B message ID Service identification (015)1 
SV ID Service identification (015)1 
Target identifier Track number (040) 
ADS-B fused data flag Existence of System track update ages (290#7) 
ADS-B fault flag Track status (080 – ext 1) 
Latitude Calculated track position (WGS-84) (105) 
Longitude Calculated track position (WGS-84) (105) 
Ground speed Calculated track velocity (180) 
Ground track Calculated track velocity (180) 
Time stamp Time of track information (70) 
 
1 See [10] for further information. 
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Appendix D: Basis for the decisions made by the 
TIS-B server 

Ground vehicle 
When the parser of the TIS-B server has to decide if a target is a ground vehicle 
the decision is based on the following fields in the received ASTERIX 
category 62 message: 

• “Emitter category” in the Mode-S/ADS-B related data 

• Vehicle fleet identification 

• Pre-programmed messages 

If none of the fields above indicates that the target is a ground vehicle or if the 
fields are missing the target will be thought of as an aircraft. 

Counting targets with ADS-B equipment 
One field of the TIS-B management message is the number of ADS-B equipped 
target within the SV. To find out what targets that have ADS-B equipment the 
field “Available technologies” in the Mode-S/ADS-B related data is checked. 
One of the bits in this field shows if the target is capable of VDL mode 4. If this 
field is missing the target is assumed not to have ADS-B equipment. 

Non-working ADS-B equipment 
If a target has non-working or incorrect ADS-B equipment the TIS-B service 
should broadcast the target data even if the TIS-B server is running in gap filler 
service mode. To detect if the ADS-B equipment of a target is not working 
correctly the “ADS-B data inconsistent…” of the first extent of the Track status 
is checked. If this field is missing the ADS-B equipment is assumed to work 
correctly. 

Inside altitude extremes of the service volume 
Detecting what targets that are within the SV may be uncertain if the target is 
missing the altitude value. Therefore the following rules were created: 

• If the target has an altitude, the altitude must be within the SV. 

• If no altitude exists the SV must be of ground type. 

In addition to the rules above the position of the target must of course also be 
within the polygon shape to be inside the SV. 
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På svenska 
 
Detta dokument hålls tillgängligt på Internet – eller dess framtida ersättare – 
under en längre tid från publiceringsdatum under förutsättning att inga extra-
ordinära omständigheter uppstår. 

Tillgång till dokumentet innebär tillstånd för var och en att läsa, ladda ner, 
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ickekommersiell forskning och för undervisning. Överföring av upphovsrätten 
vid en senare tidpunkt kan inte upphäva detta tillstånd. All annan användning av 
dokumentet kräver upphovsmannens medgivande. För att garantera äktheten, 
säkerheten och tillgängligheten finns det lösningar av teknisk och administrativ 
art. 
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beskrivna sätt samt skydd mot att dokumentet ändras eller presenteras i sådan 
form eller i sådant sammanhang som är kränkande för upphovsmannens litterära 
eller konstnärliga anseende eller egenart. 
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