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ABSTRACT 

Determination of unambiguous real time position information is one of the primary concerns of civilian 

applications such as air traffic control as well as defence requirements involving modern Electronic Warfare systems. 

Civilian air traffic control is facing the problem of huge infrastructure costs due to the requirement of additional 

avionics equipment onboard the aircraft necessitated by the use of traditional radar systems. Also the update rate of 

radar derived targets on the controller screen is low resulting in ambiguous resolution of targets. All these and many 

more issues can be addressed by the wise use of the concept of multilateration. The distinguishing feature of hyperbolic 

multilateration systems is that the position is estimated from differential arrival times of a pulse transmitted over several 

distinct paths. Thus no absolute time reference is required. In this paper, the applications of multilateration systems are 

discussed in detail with emphasis on the civil aviation sector.  
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INTRODUCTION  

The position location techniques used for location of moving targets employ the hyperbolic position 

location technique, which is also known as the time difference of arrival (TDOA) position determination method. 

This technique is also known as hyperbolic multilateration that is used in general for 3-D position determination of 

an unknown target. A TDOA based positioning method involves two main steps. It was chosen because of its 

relatively high accuracy despite the fact that it does not require information about the transmitted signal. In the 

first step, the time differences of arrivals of the signal of interest to the different sensors are measured [1].                 

This can be done by cross correlation and peak detection of the sensors’ signals. In the second step, the measured 

TDOAs are used to solve the hyperbolic system. The intersection of hyperbolas from multiple TDOAs yields the 

transmitter position. Due to measurement errors, the hyperbolas shift and yield multiple intersection points.                   

The position estimation aims at minimizing the square error. Traditional radars and GPS based systems are unable 

to withstand the enormous demand brought upon by advances in technology and this is where the multilateration 

technique comes into picture.  

This paper is divided into 4 sections. The second section introduces the method of hyperbolic 

multilateration. The third section discusses the various applications of TDOA positioning with an emphasis on the 

civil aviation sector. In section 4, the conclusions pertaining to the discussion that follows are presented. 
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HYPERBOLIC MULTILATERATION METHOD 

Among the various positioning technologies available, the Global Positioning System (GPS) is the most dominant 

method being applied for Automatic Target Location. In this method, GPS receivers use the method of trilateration in order 

to know their location with respect to the satellite system. This method relies upon the time of arrival (TOA) measurements 

which in turn give ranging measurements i.e. the distance between the target and a fixed sensor is determined indirectly by 

measuring the time it takes for a signal to reach the sensor from the target. Multiplying the time of arrival (TOA) by the 

signal velocity c gives us the distance.  

Hyperbolic position location estimation is accomplished in two stages. The first stage involves estimation of the 

time difference of arrival (TDOA) between receivers through the use of time delay estimation techniques. The estimated 

TDOA's are then transformed into range difference measurements between base stations, resulting in a set of nonlinear 

hyperbolic range difference equations [2]. The second stage utilizes efficient algorithms to produce an unambiguous 

solution to these nonlinear hyperbolic equations. The solution produced by these algorithms result in the estimated position 

location of the source. The following sections introduce the techniques and algorithms used to perform hyperbolic position 

location of a mobile user. 

In order to solve for the target position in the space, three coordinates i.e. x, y and z are required to be determined 

with the help of four sensors that could be either fixed or mobile. In this work, the location of the four fixed sensors i, j, k 

and l has been taken as ),,(),,,(),,,( kkkjjjiii zyxzyxzyx  and ),,( lll zyx  respectively and by considering the 

speed of EM waves as ‘c’, the distances of the sensors from the radar target will be as follows (in the further analysis for 

ease of understanding fixed locations have been considered):-  

222
)()()( zzyyxxctd iiiii −+−+−==  

222 )()()( zzyyxxctd jjjjj −+−+−==  

222 )()()( zzyyxxctd kkkkk −+−+−==  

222 )()()( zzyyxxctd lllll −+−+−==
  

The above equations can be combined so as to form expressions for the TDOA equations as follows:- 
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Where )},(),,(),,(),,(),,(),,{(),( lkljkjlikijiba ∈  

Each TDOA equation will represent a hyperboloid .In order to find the three dimensional position of an unknown 

radio source (URS) shown in Figure 1, the system needs to have three or more sensors and a central processing system 

preinstalled at known locations.  
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Figure 1: Localization of Unknown Enemy Radio Source with TDOA Measurements 

A major advantage of this TDOA method is that it does not require knowledge of the transmit time from the 

source, as do TOA methods. Consequently, strict clock synchronization between the source and receiver is not required.    

As a result, hyperbolic position location techniques do not require additional hardware or software implementation within 

the mobile unit [3]. However, clock synchronization is required of all receivers used for the position location estimate. 

Furthermore, unlike TOA methods, the hyperbolic position location method is able to reduce or eliminate common errors 

experienced at all receivers due to the channel 

III. APPLICATIONS OF MULTILATERATION 

Global air traffic is witnessing a rate of increase. It is estimated that the amount of passengers that fly will double 

within the next decade. However, air travel is plagued with delays. Air Navigation Service Providers (ANSPs) are 

responsible for efficiency as well as safe passage of the expanding grid of air traffic. ANSPs have come to terms that radar 

cannot keep up with the growing demand. It is at this juncture that multilateration was looked upon to increase efficiency, 

minimize infrastructure costs, streamline operations and primarily, improve safety.  

Low Infrastructural Requirement 

Multilateration (MLAT) ground stations receive replies/responses from all aircraft that are transponder-equipped 

(this includes legacy radar) and then determine the aircraft position based on the time difference of arrival (TDOA) of the 

responses. Typically, interrogation signals are transmitted from a local SSR or a MLAT station and these units listen for 

replies. Since the distances from individual aircraft to each of the ground stations will be different, their replies will be 

received by each station at different times. The aircraft’s position is precisely calculated using these individual time 

differences with the aid of processing techniques. No additional avionics equipment is required by MLAT, as it uses replies 

from Mode A, C and S transponders, as well as military IFF and ADS-B transponders. 

Also, while both radar and MLAT targets have identical appearance on a controller’s screen, the MLAT derived 

targets are instantly recognizable by their smooth movement across the screen. This is due to very high update rate of these 

targets. A screen displaying MLAT information can update as fast as every second compared to the 4 – 12 seconds time 

that it takes for radar-derived targets. 
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Monitoring of Aircraft Movement on the Surface 

While the MLAT concept was initially developed for military surveillance purposes, monitoring of aircraft 

movements on the surface of the airport was one of its earliest civil aviation applications. MLAT has now become a vital 

element of Advanced Surface Movement Guidance and Control Systems (A-SMGCS), which are deployed at many of the 

world’s major airports. Before MLAT, airport surface surveillance was performed by radar called Surface Movement 

Radar (SMR) or Airport Surface Detection Equipment (ASDE). This radar used a rapidly rotating antenna mounted above 

the control tower for optimum view of the surface of the airport. A disadvantage was that the radar’s line of sight was 

blocked by hangars, large airport terminal buildings and other obstacles, preventing its view of critical movement areas. 

SMR performance was also found to be severely affected by heavy rain. The deployment of strategically positioned MLAT 

stations provides ground controllers with a very clear view of every hidden area of the airport’s surface, with improved 

target discrimination and greatly enhanced accuracy, regardless of the weather conditions. Unlike SMR, MLAT also 

provides unique identification of all aircraft. Another advantage is that small squitter devices, with unique IDs, can be 

mounted on surface vehicles and fully integrated into the A-SMGCS installations. A-SMGCS platforms making use of 

multilateration have become the global industry standard at the world’s busiest airports to reduce the increasing risk of 

runway incursions as surface congestion increases. MLAT expands coverage areas, identifies aircraft, tracks vehicles and 

maintains performance in all weather conditions. 

Monitoring of Terminal Area Traffic 

At a number of airports around the world, lower altitude operations in the terminal area are restricted by the 

presence of high terrain, which can block aircraft interrogations from nearby secondary radars. In turn, this prevents local 

controllers from monitoring terminal area traffic below a certain altitude. As a result, such airports experience high 

diversion rates in instrument weather conditions. This was the problem facing authorities at Innsbruck, Austria and Ostrava 

in the Czech Republic, for example. At Innsbruck, surrounding mountains forced the minimum decision altitude (MDA) to 

be 3,100 feet above the airport. At Ostrava, aircraft were prevented from descending below 6,000 feet due to local high 

terrain. One solution for those airports could have been the installation of one or more secondary radars at or near the 

airport. But economic analyses by both ANSPs showed there would be substantial cost and operational advantages in 

adopting multilateration surveillance systems. Not only would multilateration be cheaper in acquisition, installation and 

maintenance, but it would provide optimum terminal area coverage and — perhaps equally important — faster and more 

accurate tracking down to the airport surface. 

Benefits of Wide Area Multilateration 

The need for traffic surveillance over areas not presently covered by conventional secondary radar is now being 

felt many ANSPs are taking advantage of the cost benefits of MLAT when compared to new radar installations. In wide 

area multilateration (WAM), the stations are spread at distances of up to 100 km between each other.[4] Examples include 

installations in Tasmania and the Czech Republic as well as those planned for Colorado, The North Sea, Taiwan and East 

Midlands. In these locations, MLAT provides superior range over secondary radar, significantly lower costs, earlier 

operational readiness following contract award and more accurate tracking. Apart from this, MLAT has also been chosen 

when existing “legacy” secondary radar has had to be replaced. For example, in Armenia, cost and performance analyses 

showed the clear advantages of replacing the earlier secondary radar with multilateration and the wide area solution was 

chosen. In addition, in locations where to use secondary radar would have been impractical, such as in the North Sea, the 
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small, low powered MLAT units will be mounted on offshore drilling platforms to provide good performance down to the 

surface.  

Precision Runway Monitoring 

A significant application of multilateration is its ability to provide more safety while increasing landing capacity. 

For airports having parallel runways, aircrafts fly on adjacent paths towards their uniquely assigned runways. But at most 

airports, the runways are too closely spaced for aircraft to fly safely adjacent to each other. The aircraft are then 

“staggered” along each approach path with significant in-trail spacing between them thereby reducing airport throughput 

during inclement weather conditions. One solution was the introduction of an accurate, dedicated, electronically-scanned 

radar called the Precision Runway Monitor (PRM). This device allows adjacent approaches to runways spaced as close as 

3,300 feet apart. However, the acceptance of the system was extremely limited due to its significant acquisition, 

maintenance and installation costs. While e-scan radars were expensive, multilateration has been demonstrated to exceed 

radar specifications for precision runway monitoring, at a substantially lower cost. MLAT PRM capacity gains have been 

reported to be around 30 percent or more, especially during peak periods with bad weather conditions. 

Further, environmental pressures are limiting expansion of airports and this may force new runways to be built 

within existing airports as closely spaced parallels to existing runways to accommodate rising future demand. With such 

clear economic benefits, MLAT PRM systems are expected to rise in the future. 

Height Monitoring  

With increase in high-altitude jet traffic by the 1980s, aircraft traffic in the upper airspace became crowded, 

particularly between 29,000 feet and 41,000 feet which is the altitude range preferred by airlines for fuel economy. 

However, traditional pressure altimeters are less accurate above 29,000 feet due to lowered air density. Aircraft flying 

below 29,000 feet can be safely separated vertically by 1,000 feet and those flying above that altitude were required to 

maintain a vertical spacing of 2,000 feet. With new altimeter technology introduced in the 1990s, significant improvements 

came forth in altitude measurement and this led to the worldwide introduction of Reduced Vertical Separation Minima 

(RVSM). This allowed aircraft to be vertically separated by 1,000 feet at altitudes up to 41,000 feet. Though all the aircraft 

intending to operate in RVSM airspace were equipped to meet this new requirement, it was still necessary to periodically 

check that the new equipment was operating within stated tolerances. 

Multilateration was chosen to perform this task and purpose built systems were installed and are as of today 

operating at various points around the world. The addition of flight levels at the most fuel efficient and thus most popular 

levels means more flexible traffic flows and reduced congestion and fuel consumption. Accurate height measurement 

information can also be provided by En-route WAM systems. [4] 

Environmental Management 

These days, many airports require strict compliance to noise abatement procedures. However, noise complaints 

from adjoining residential areas are a continuing concern to airport operators. Identifying the aircraft which caused such 

complaints is even more difficult. An early application of multilateration was to perform this function. The system 

identifies every arriving and departing aircraft, along with its precise path over the ground, and can show the exact time at 

which it passed over any point on its path. The recorded data has already been accepted as legal evidence in some 

jurisdictions. As other environmental regulations come into place, MLAT can support airport management with an 
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extremely effective and accessible source of information on noise, emissions and flight operations data. 

Airport Operations and Revenue Management 

In an airport, there is a need to constantly measure and analyze aircraft and vehicle movements, as failure to do so 

in any given area on an airport’s surface can create a domino effect that cripples the airport’s operation. MLAT systems 

provide airport personnel with real time shared situational awareness and tracking that supports Collaborative Decision 

Making (CDM). This is for the planning and scheduling of airport resources in order to improve gate management and 

orchestrate ramp movements. Typically, airports have relied on airlines and aircraft to self report their usage of revenue 

generators, such as landing fees, gate usage, de-icing costs, etc. This has obviously led to a faulty system with airports 

having no system to check accuracy, which has in turn led to loss of revenue. Multilateration provides identification and 

flight track data to automatically produce accurate and timely invoices. 

CONCLUSIONS 

This paper introduces the hyperbolic multilateration method of obtaining position fix of an unknown target.               

The focus then shifts to the applications of the multilateration technique with emphasis on the civil aviation sector. It is 

more than evident that MLAT systems are the future of aviation related applications. Every application details how 

MLAT has made inroads into those areas that were reserved for traditional radar systems. This system has succeeded in 

reduction of infrastructure costs, in providing better monitoring of terminal area traffic and aircraft movement on airport 

surface and in providing good height resolution or vertical separation. While Wide Area MLAT systems have expanded 

surveillance to include inaccessible areas, other applications include increase in airport capacity and throughput through 

precision runway monitoring and also noise reduction as part of environmental management. 
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