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Abstract 
Aircraft data networks are fast becoming more of a necessity due to their support for user mobility. 

Many aircraft manufacturers are planning to deploy data networks within their airplanes and provide 

internet connectivity to their passengers. The aim of this thesis is to describe the usage of the 

Multilateration surveillance system (MSS).  MSS represents a new, certified, costs-effective  and  high-

performance surveillance system that outperforms Monopulse Secondary Surveillance Radar (MSSR).  

This system is flexible and expandable. Additional ground stations, interrogators and reference 

transponders can be easily added to the system. MSS can provide an accurate and reliable real-time 

location and identification of all aircrafts, vehicles and other objects equipped with a Mode A/C/S 

transponder. 
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1. Introduction 
MSS can provide an accurate and reliable real-time location and identification of all aircrafts, vehicles 
and other objects equipped with a Mode A/C/S transponder. For ATC (Air Traffic Control) application   
provides multilateration system the same level of coverage as traditional  SSR (Secondary Surveillance 
Radar). 
The main advantages of multilateration system are: 

• flexibility and   expandability  -   additional   ground   stations,   interrogators   and   reference 

• transponders can be easily added to the system; 

• higher accuracy;  

• higher refresh rate;  

• better coverage; 

• improved reliability in comparison with traditional SSR; 

• increase of capacity and throughput of airspace while maintaining high security; 

• lower initial price with lower annual costs; 
• multilateration systems can be applied for area 

Future generation networking will be characterized by the need to adapt to the demands of agile 
networking, which  include rapid response to changing customer requirements, automated design and 
engineering, lower-cost services,  transparent distributed networking, resource allocation on demand, 
real-time planning and scheduling, increased quality, reduced tolerance for error, and in- process 
measurement and feedback. 
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2.  Multilateration system 
Multilateration  Surveillance  System  determines  the  target  position  by  Time  Difference  Of 
Arrival  (TDOA)  multilateration  principle  based  on  income  and  on-board  signal  processing 
transponders of Secondary Surveillance Radar (SSR). In the field there are located receivers S0  and S1  
on two different sites, which are designed for receiving signals from aircraft transponders. At a 
defining moment the transponder on the board  sends out impulse signal, which spreads to both 
receivers  at  the  speed  of  light  after  two  different  lines.  Since  the  speed  of  propagation  of 
electromagnetic waves is constant (usually known as the speed of light c), the lengths of the lines are 
proportional to the time of signal propagation. Except one case the signal reaches each of the receivers 
in a different moment. Signal arrival  times are measured and recorded for each of the receivers, so it 
is possible to determine their difference td. For constant speed of light and constant position of 

receivers S0  and S1  results of the foundations of geometry that the target must be located on a 

hyperbola with foci S0  and S1  and the length of the transverse axis td. From the time sequence of 

signal arrival (i.e., whether the signal comes earlier to the station S0   or station S1) it can be 

determined on which branch of the hyperbola is the objective. 
The adding of another receiver (S2) creates the second hyperbola (with foci S1   and S2). The 

intersection of the two hyperbolas then determines the target position in two-dimensional (2D) 
system. Station S0  is called central processing station, stations S1  and S2  are called lateral or remote 

stations. The distance from each other stations is typically 10 to 30 km and their position must be 
directed with accuracy ± 0.3 m. 

In  the  same  way  (adding  another  receiver)  it  can  be  obtained  the  target  position  in  three 
dimensions (3D). In comparison with 2D system acquires 3D system more useful feature - it can work 
as omni-directional. Removing  of location ambiguity solves used software. For the correct operation 
of the system is necessary that the same impulse signal was adopted at all stations. Time difference of 
arrival signal to the remote station and to the central station defines hyperboloid with foci S0, Sn. The 

resulting target position C is determined by intersection of all the hyperbolas, which have one common 
focus S0. 

Multilateration systems can be either passive or active. 
Passive systems rely on the transmission of aircraft transponders which is activated by other 

equipment, and broadcast of squitters that broadcast their signals periodically. Passive techniques can 
be used to track aircrafts  approaching the airport and aircrafts which are still in a range of MSSR. 
For low-flying aircrafts, which descend below the height of MSSR coverage, it can be used interrogator 
with the shorter range. 

Active  systems  may  require  own  answers  from  the  aircrafts.  Multilateration  interrogator  is 
simpler  than  MSSR  interrogator.  It  is  not  necessary  rotating  antenna,  instead  is  used  either 
omnidirectional or sector antenna. Moreover, it can be changed level of radiation performance and thus 
be changed the reach of the antenna according to the distance of the monitored plane. One of the areas 
where it can be used active multilateration system is the terminal manoeuvring area. 
MSS can be used at the airports (Surface system) and in the area (WAM system). 
Surface system is the part of the system A-SMGCS (Advanced Surface Movement Guidance and Control 

System). 
WAM system is used where is not radar coverage and implementation of a radar is not suitable for 

economical,  technical and other reasons. They are acceptable especially in mountain area. In 
comparison with the Surface system, the WAM system covers much bigger part of airspace (PRM – 
Precision  Runway  Monitoring,  terminal  area  and  en-route  surveillance).  The  first  exploited 
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operational WAM system was established as an instrument of the accurate measuring of the aircraft 
height in the project RVSM (Reduced Vertical Separation Minima). This is a reduction of vertical 
separation between FL 290 and FL 410. The original vertical separation 2000 ft is changed to 1000 ft. 
This reduction requires accuracy of aircraft altitude measurement up to 25 ft. 

A system can be configured as Central Time (CT) or Distributed Time (DT) or a combination of both. 
The Central Time architecture is where a central processing station evaluates and processes all 

signals. The receiving stations are very simple. Each station is composed of receiver with an 
antenna and a real-time signal transmitting facility. Time delays of signals transmitted from the 
receiving stations to the central processing station must be constant, stable and known, as the 
processor to eliminate them. 

The Distributed Time architecture is where signal pre-processing and time stamping is done at each 
receiving station. These receiving stations are more complex. Each station is composed of a receiver 
with an antenna, signal processor, precise clock and data transmission facility. 
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4. Conclusion 
MSS will represent a good solution in all phases of flight. Future generations of air traffic 
management will need to be able to achieve greater security and efficiency. The density of air traffic 
will be in the year 2020 twice larger than in the year 1997, which will result in a glut of flight paths. 
Benefit of MSS is mainly that they allow the increase of capacity and throughput of airspace while 
maintaining high security. Because of low price are a good alternative for the poorer states to obtain the 
coverage of its airspace.  These systems are currently used to complement existing systems (mainly 
primary and secondary radars). In the future the system will be used as the sole source of surveillance 
information in the field. Multilateration systems can be applied for area navigation in the future. 
Aircraft will receive information about the location of satellite navigation. Satellite navigation  provides 
high location accuracy, but it can not be used as the sole source of information. The combination of 
MSS and satellite navigation provides the best solution. Usage of MSS is still in the development, but 
future forecasts show that their application is perspective. They have many advantages (mainly accuracy 
and pricing modesty). 
 
References 
[1]  UJCOVÁ, M. „Application of multilateration systems for RNAV” (Aplikace multilateračních 
systémů pro RNAV), bachelor thesis, Prague, Czech Technical University in Prague, 2007, [In Czech] 
 
[2]  ED-117,  Minimum  Operational  Performance  Specification  for  Mode  S  Multilateration  
Systems  for  Use  in Advanced Surface Movement Guidance and Control Systems (A-SMGCS). 
EUROCAE, November 2003. 
 
[3]   ED-142, Technical Specification for a Wide Area Multilateration (WAM) System. EUROCAE, 
September 2010. 
 
[4]   Role  of  Multilateration  in  Air  Traffic  Safety  Enhancement  [online].  [Accessed  2012-02-08].  
Available  at  <http://pernerscontacts.upce.cz/23_2011/Ujcova.pdf>, [in Czech] 
 
[5]  Advanced surface Movement Guidance and Control Systems [online]. [Accessed 2012-02-08]. 
Available at 
<http://en.wikipedia.org/wiki/Advanced_Surface_Movement_Guidance_and_Control_System> 
 
[6]  Advanced  Surface  Movement  Guidance  and  Control  Systems  (A-SMGCS)  [online].  [Accessed  
2012-02-08]. Available at 
<http://www.eurocontrol.int/airports/public/standard_page/APR2_Projects_ASMGCS_2.html > 
 
[7]   Multilateration & ADS-B [online]. [Accessed 2012-02-08]. Available at < 
http://www.multilateration.com/> 
 
[8] Performance of Hyperbolic Position Location Techniques for Code Division Multiple Access 

[online]. [Accessed 2012-06-10]. Available at <http://scholar.lib.vt.edu/theses/public/etd-
447221779662291/etd. pdf> 
 
 



European International Journal of Science and Technology                       Vol. 2 No. 6                    July 2013 

 

 

73 

[9]   Multilateration  Error  Investigation  and  Classification.  Error  Estimation  [online].  [Accessed  
2012-06-10]. Available at <http://www.tsi.lv/Transport-and-Telecommunication/v8_en2/4.pdf> 
 
[10]  Wide  Area  Multilateration,  Report  on  EATMP  TRS  131/04,  Version  1.1  [online].  [Accessed  
2012-06-10]. Available   at 
<http://www.eurocontrol.int/sites/default/files/content/documents/nm/surveillance/surveilllance-report-
wide-area-multilateration-200508.pdf> 
 
[11]  Evaluation  of  TDOA Techniques  for  Position  Location  in  CDMA  systems  [online].  [Accessed  
2012-06-10]. Available at 
< http://vtechworks.lib.vt.edu/bitstream/handle/10919/9558/aatique.pdf?sequence=1> 
 

[12]  Volner, R., Boreš, P. “Aviation Data Networks”, Electronics and Electrical Engineering No    

7 (63), Kaunas University  of  Technology,  Academy  of  Sciences  of  Lithuana,  Vilnius  Gedimas  
Technical  University,  Riga Technical University, Tallinn Technical University, Kaunas 2005, pp. 22-
26, ISSN 1392-1215, 
 
[13]  Volner, R. “Aviation Data Networks – New Avenues for Flight Safety, Security Issues and Network 
Architecture”, Poster  Abstract  of  the  27th  International  Conference  on  Information  Technology  

Interfaces ITI  2005, Cavtat/Dubrovnik, Croatia, June  2005, pp. 35-36, ISBN 953- 7138-04-6, 
 
[14]  Volner, R. “Air Data Network – Service Modeling”, ITI 2006 Poster Abstract of the 28th 

International Conference on Information Technology Interfaces,  ITI 2006, Cavtat/Dubrovnik, Croatia, 
June  2006, pp. 33-34, ISBN 953-7138-07-0, 
 
[15] Volner, R. and all “Flight Planning Management”, Academics publishing CERM. sro. Brno, 2007, 
ISBN 978-80- 7204-496-2, 630 str., [in Czech] 
 
[16]  Internal materials of ERA a.s. 



European International Journal of Science and Technology     ISSN: 2304-9693   www.cekinfo.org.uk/EIJST 

 

 

74 

 

 
Fig. 1 Hyperbolic principle 

 
 PR – Primary Surveillance Radar, SSR- Secondary Surveillance Radar, CS-central station, PS – receiver, 

DS – dispatching, VKV – VHF, ATN - Aeronautical Telecommunication Network 
Fig. 2 Principle MLAT system 


