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Problem area
 

Reliable and accurate surveillance data covering the 
total ATM network is essential for safe and efficient ATM 
operations.

With an increasing number of flight movements in the 

ATM network, a loss of surveillance data in one part of the 

ATM network will not only cause a major reduction in air 

traffic capacity locally but it will also have a more and more 

detrimental effect on the total air traffic capacity across the 

entire network. The optimum use of all available sensor 

data in an inter-operable manner is therefore a key element 

for the overall ATM network performance. EUROCONTROL’s 

ATM suRveillance Tracker and Server, ARTAS [1], is the 

concept behind a Europe-wide distributed surveillance data 

processing system capable of processing all surveillance 

data reports (classical radar, Mode-S, WAM and ADS) in 

order to provide its users with the best estimate of the 

current air traffic situation.

Description of work
 

For safe and efficient ATM operations it is essential to obtain 

a reliable estimate of the traffic situation both for air traffic 

and for traffic on the surface of airports. Recently a Surface 

Movement Surveillance prototype (SMSp) extension of 

ARTAS, ARTAS+SMSp, has been developed to continuously 

provide the best estimate of the air/surface traffic situation 

seamlessly throughout the total ATM network. Whereas 

ARTAS only monitors the air traffic situation, ARTAS+SMSp 

also tracks the traffic situation on the surface of airports.

The prototype provides a seamless integration of the air 

and surface traffic situation.

ARTAS+SMSp is based on tracking technology 

developed at the Netherlands Aerospace Centre NLR 

It extends the surveillance data processing capability 

of ARTAS with processing capabilities for the airport 

surface surveillance sensors SMR/ASDE and MLT. 

 

For optimal Surface Movement Surveillance it uses 

dedicated object models that closely mimic the behaviour 

of aircraft and other vehicles that are moving on the airport 

surface. With these extensions ARTAS+SMSp paves the way 

towards seamless gate-to-gate surveillance.

 

This paper presents an overview of ARTAS and its extension 

towards ARTAS+SMSp. Furthermore, an outlook towards 

potential future ARTAS extensions is provided, considering 

Independent Non-Cooperative Surveillance systems and 

camera surveillance.

Results and conclusions

The main extensions toward seamless gate-to-gate 

surveillance comprise of the tuning of ARTAS sensor 

models to match the characteristics of the surface 

surveillance sensors, new object dynamics, additional 

classification rules and accurate slant-range correction in 

the vicinity of the airport. The open architecture of the 

ARTAS tracker and in depth knowledge of how the tracking 

algorithms can be combined allows straightforward 

integration of Surface Movement Surveillance in ARTAS, 

yielding one ARTAS that can perform surveillance in both 

air and surface applications for the entire ATM network. 

This also enables a relatively straightforward future 

integration of other surveillance technologies like 

Independent Non- Cooperative Surveillance systems and 

camera surveillance.



Applicability

This paper gives an overview of a recently developed 

prototype extension of ARTAS for Surface Movement 

Surveillance yielding ARTAS+SMSp. ARTAS+SMSp has been

developed to provide the best estimate of the current 

air traffic situation seamlessly throughout the total ATM 

network including the traffic situation on the surface of 

the airports. Its applicability extends worldwide to Air 

Navigation Service.

Summary

Reliable and accurate surveillance data covering the 

total ATM network is essential for safe and efficient ATM 

operations. With an increasing number of flight movements 

in the ATM network, a loss of surveillance data in one part 

of the ATM network will not only cause a major reduction in 

air traffic capacity locally but it will also have an increasingly 

detrimental effect on the total air traffic capacity across the 

entire network. The optimum use of all available sensor 

data in an interoperable manner is therefore a key element 

for the overall ATM network performance.

EUROCONTROL’s ATM suRveillance Tracker and Server, 

ARTAS, is the concept behind a Europe-wide distributed 

Surveillance Data Processing System (SDPS) capable of 

processing all surveillance data reports (classical radar, 

Mode-S, WAM and ADS) in order to provide its users 

with the best estimate of the current air traffic situation. 

Recently a prototype Surface Movement Surveillance 

(SMSp) extension of ARTAS, ARTAS+SMSp, has been 

developed to provide the best estimate of the current 

air traffic situation seamlessly throughout the total ATM 

network including the traffic situation on the surface of 

the airports. ARTAS+SMSp is based on tracking technology 

developed at the Netherlands Aerospace Centre NLR. By 

tuning the ARTAS sensor models to match the characteristics 

of the surface surveillance sensors, the surveillance data 

processing capability of ARTAS is extended with SMR/

ASDE and MLT. For optimal Surface Movement Surveillance, 

dedicated object models are used that closely mimic the 

behaviour of aircraft and other vehicles moving on the 

airport surface. With these extensions, ARTAS+SMSp paves 

the way towards seamless gate-togate surveillance.

This paper presents an overview of the ARTAS concept and 

its extension towards ARTAS+SMSp.

Introduction

As air traffic continues to grow and the number of flight 

movements in the ATM network increases, Air Traffic 

Management faces new challenges. For an indication 

of the expected growth, e.g. the Global Market Forecast 

2015-2034 of Airbus anticipates that air traffic will grow at 

a rate of 4.6 per cent annually over the coming years, [2]. 

To prevent the ATM network from becoming saturated and 

congested, the capacity of the total ATM network needs to 

be increased in line with the expected traffic growth. This 

clearly also includes airports, since they are the key nodes 

in the ATM network, facing the highest traffic density of the 

entire ATM network.

Reliable and accurate surveillance data covering the 

total ATM network is essential for safe and efficient ATM 

operations. With an increasing number of flight movements 

in the ATM network, a loss of surveillance data in one part 

of the ATM network will not only cause a major reduction in 

air traffic capacity locally but it will also have an increasingly 

detrimental effect on the total air traffic capacity across the 

entire network. The optimum use of all available sensor 

data in an interoperable manner is therefore a key element 

for the overall ATM network performance.

EUROCONTROL’s ATM suRveillance Tracker and Server, 

ARTAS, is the concept behind a Europe-wide distributed 

Surveillance Data Processing System (SDPS) capable of 

processing all surveillance data reports (classical radar, 

Mode-S, WAM and ADS) in order to provide its users with 

the best estimate of the current air traffic situation. Recently 

a prototype Surface Movement Surveillance (SMSp) 

extension of ARTAS, ARTAS+SMSp, has been developed to 

continuously provide the best estimate of the air/surface 

traffic situation seamlessly throughout the total ATM 

network. Whereas ARTAS only tracks the air traffic situation, 

ARTAS+SMSp also tracks the traffic situation on the surface 

of airports. The prototype provides a seamless integration 

of the air and surface traffic situation.

ARTAS+SMSp is based on tracking technology developed 

at the Netherlands Aerospace Centre NLR. By tuning 

the ARTAS sensor models to match the characteristics of 

the surface surveillance sensors, the surveillance data 

processing capability of ARTAS is extended with SMR/

ASDE and MLT. For optimal Surface Movement Surveillance 

dedicated object models are used that closely mimic the 

behaviour of aircraft and other vehicles that are moving on 

the airport surface, [3].



An overview of the ARTAS+SMSp CNS/ATM environment 

is depicted in Figure 1. The blue coloured items in Figure 1 

are part of the current ARTAS environment and the green 

coloured (underlined) items are part of the extensions 

towards ARTAS+SMSp. Notice that both the blue coloured 

items as well as the green coloured (underlined) items in 

Figure 1 are part of the ARTAS+SMSp environment and 

that ARTAS+SMSp provides a seamless air/surface situation 

picture, whereas the current ARTAS system only provides a 

seamless air situation picture. More details on the current 

ARTAS environment and the ARTAS+SMSp environment are 

provided in the next sections.

This paper presents an overview of ARTAS and its extension 

towards ARTAS+SMSp. The paper is organised as follows. 

Section 0 presents an overview of ARTAS. This includes an

overview of the ARTAS environment, its generic 

architecture and its main multi-sensor multitarget tracking 

functions. Section 0 presents the ARTAS extension 

towards ARTAS+SMSp. This includes an overview of the 

ARTAS+SMSp environment, surface surveillance sensor 

models, extensions for airport objects and extensions for 

airport environment characteristics. Section 0 presents 

an outlook towards potential future ARTAS extensions, 

considering Independent Non-Cooperative Surveillance 

systems and camera surveillance. Section 0 presents the 

concluding remarks.

Figure 1:
Overview of the CNS/ATM environment. 

The blue coloured items are part of the ARTAS 
air tracking capabilities and the green coloured 

items are part of the SMSp extension towards 
ARTAS+SMS i.e. air and surface tracking 

capabilities, therefore providing seamless gate-
to-gate surveillance.
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ARTAS

Over the last 25 years ARTAS, EUROCONTROL’s ATM 

suRveillance Tracker and Server has proved invaluable to 

the ATC surveillance chain, raising safety levels while still 

being cost-competitive, keeping in line with the Single 

European Sky (SES) Performance Scheme targets. Presently 

in Europe, thirty-one ATC and military centres depend on 

ARTAS for providing their surveillance pictures in twenty 

countries while at least nine other organisations are 

planning to put ARTAS in operation in the near future. This 

and other background information on ARTAS can be found 

on EUROCONTROL’s ARTAS website, [4].

ARTAS is designed to provide the best possible picture of 

the current air traffic situation with an outstanding level of 

accuracy and reliability. It is under constant evolution to 

meet the required performance level.

Driving forces behind the development of ARTAS and its 

constant evolution are safety and efficiency considerations; 

efficiency - because cross-sector multi-sensor tracking 

and serving reduces the number of sensors needed and 

thus the operational costs; safety - because the advanced 

tracking techniques and the incorporation of new sensors 

provide optimal quality of surveillance.

Following [19], the internal structure of an ARTAS unit is 

shown in Figure 2. The Router Bridge is the interface to 

the external network. It pre-processes the incoming sensor 

data, i.e. it performs format checks and sectorisation of 

the radar data and keeps track of the operational status of 

the sensors. The Server is responsible for handling ARTAS 

user requests and the distribution of the track data and 

sensor statuses, according to the different user services. 

The simplest service that is provided is a regular broadcast 

of all track data. MMI/Supervision is the man-machine 

interface and supervision unit. It provides a basic display 

of the unit tracks and control functions for the ARTAS unit. 

The Tracker, finally, is responsible for keeping an up-to-date 

air picture. An ARTAS unit consists of two identical chains 

of Router bridge/Tracker/Server/MMI/Supervision subunits. 

All subunits operate in a multiple-computation redundancy 

mode; that is, there is a master and a slave subunit that 

both perform the same processing, except that the slave 

subunit does not provide any output. Instead the slave 

performs some additional processing to keep master and 

slave in synchronisation.

For multi-target tracking it is essential to have both 

dedicated object models that closely mimic the behaviour 

of the targets and dedicated sensor models that represent 

the main characteristics of the contributing sensors. The 

object models in ARTAS are based on aircraft switching 

mode models [8], [15]. The trajectory of an object is 

assumed to consist of a sequence of segments, during 

which the type of evolution of the aircraft does not change.

Combined with generalised IMM, [7], [12], [13], [15], this 

approach has been proven to be very effective in ARTAS, 

allowing the surveillance tracker to quickly respond to 

object manoeuvres while maintaining a highly accurate 

estimate of the object’s state vector throughout the 

duration of the object’s track. For high-speed aircraft ARTAS 

uses an advanced model consisting of the four modes 

Uniform Motion (UM), Left Turn (LT), Right Turn (RT) and 

Speed Change (SC). The corresponding horizontal high-

speed state vector consists of (x,y)-position, ground speed, 

track angle and transversal acceleration. For low speed 

aircraft ARTAS uses a model consisting of two of these 

modes, namely UM and SC. The corresponding horizontal 

low speed state vector consists of (x,y)-position and (x,y) - 

velocity. Tracking in the vertical plane is treated separately 

by ARTAS.
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Figure 2: ARTAS Unit internal structure



For multi-target tracking in a multi sensor environment it 

is also essential to correct for the systematic errors of the 

individual sensors and the possible transponder delays of 

the individual targets.

This and other important aspects are taken into account 

by ARTAS developers in their approach towards ARTAS 

tracking development which is characterised by a powerful

combination of:

	Mastering generally applicable Bayesian 

surveillance algorithms

	Mastering dedicated application specific models 

that fully exploit the power of the algorithms

	Early on prototyping and evaluation on live data

As a result a suite of advanced Multi Sensor Data Fusion 

techniques is available within ARTAS:

	Advanced Multi-Sensor Multi-Target Tracking 

algorithms

	Advanced Multi-Sensor Environment Assessment 

algorithms

	Dedicated sensor models

	Dedicated object models

	Dedicated geographical models

More details on these techniques will be provided in the 

next sub-sections.

ARTAS environment

Over the years the ARTAS environment has evolved 

according to the availability of new surveillance sensors, 

[18]. The current ARTAS environment, depicted in Figure 

1, comprises classical radar (PR, SSR and CMB), Mode-S, 

WAM, ADS-B and ADS-C. Besides surveillance sensors, 

users of surveillance data provided by ARTAS are also part 

of the ARTAS environment. These users are, for instance, 

ATM functions like a Human Machine Interface, Flight Plan 

processing systems, STCA, Air Traffic Flow management and 

non-ATM functions such as Air Defence. Finally, adjacent 

ARTAS units are also considered as part of the ARTAS 

environment.

ARTAS tracker

The main task of ARTAS is to provide accurate state 

estimates of the objects under surveillance based on the 

reports of the contributing sensors. This task is performed 

by the ARTAS tracking function, also referred to as the 

“ARTAS tracker.” Within the ARTAS tracker a distinction can 

be made between Multi-Sensor Tracking and Multi-Sensor 

Environment Assessment. The main task of the Multi-Sensor 

Tracking function is to provide estimates of the states of 

aircraft/objects on the basis of incoming measurements 

from all contributing sensors. To this end, the Multi-Sensor 

tracking function uses the following main (sub-) functions:

	Track Initiation

	TTrack Continuation

	TTrack Classification

	TMulti-Sensor Environment Assessment

The Track Initiation function uses the reports of the 

contributing sensors, that are not associated (in a nearest 

neighbour sense) with an existing track, to provide the first 

state estimate of a new track.

The Track Continuation function uses the reports of all 

contributing sensors to estimate the state of an object 

based on the object’s previous estimate.

The Track Classification function performs a classification 

of the identified tracks based on their state characteristics. 

Both aircraft and non-aircraft classes are identified. This 

function also deals with anomalies, like reflections and side-

lobes. An effective way of dealing with these anomalies is 

to track them and to classify them as being non-aircraft.

The main task of the Multi-Sensor Environment Assessment 

function is to dynamically assess sensor characteristics that 

are critical to the performance of the tracker, such as false

plot maps, probability of detection maps, sensor accuracy 

information and systematic errors.

To optimise the performance of the surveillance 

system,  sufficiently detailed mathematical models of 

the contributing sensors, the objects under surveillance 

and the geographical environment are integrated within 

the system.

The management of all requests from the users and the 

corresponding transmission of the relevant sets of track 

data to these users are performed by the ARTAS server.



ARTAS tracking algorithms

Track Initiation

The track initiation function takes into account the type of 

sensor from which data is received.

For radars in ARTAS, track initiation is based on “backward 

chaining” by means of Multiple Hypothesis Tracking 

(MHT) in reverse time, [10]. For ADS, a track is initiated on 

every ADS report that contains position information and 

is not associated to an already existing track. For WAM, 

track initiation is based on “forward chaining” by means 

of Multiple Hypothesis Tracking (MHT) in the order of 

the incoming WAM reports. Furthermore, for Mode-S and 

WAM, a track can be initiated on every report that contains 

a Mode-S address and is not associated to an already 

existing track.

Track Continuation

A Bayesian approach to track continuation is adopted 

which incorporates state of the art combinations of IMM 

and JPDA, [5], [6], [7], [9], [12], [13], [15], [17], [20], [22]. 

The key issue that is mastered is to manage sudden multiple 

manoeuvring targets in clutter, outliers and missing plots, 

while avoiding track coalescence.

A schematic overview of the architecture of the ARTAS 

tracker is presented in Figure 3.
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Figure 3:
Overview of the ARTAS Tracker architecture

Track Classification

The track classification function classifies tracks using 

a computationally efficient (Bayesian) approximation 

of Dempster-Shafer reasoning [11]. The criteria used 

in the classification are based on sensor environment 

characteristics, object behaviour and a set of models for 

specific anomalies, like reflections and side-lobes. An 

advantage of Dempster-Shafer reasoning is the ease with 

which additional criteria can be incorporated into the 

classification process. The tracker maintains aircraft tracks 

as well as non-aircraft tracks and tentative tracks. Aircraft 

tracks may be classified as civil aircraft, military aircraft 

or helicopter. Nonaircraft tracks may be classified as split 

tracks, side lobe tracks, reflection tracks or second time-

around tracks. Tracks that are not yet classified as Aircraft 

or Non-aircraft tracks are classified as Tentative tracks. This 

function also provides an effective way of dealing with 

anomalies, like reflections and side-lobes, by tracking them 

and classifying them as being non-aircraft. At the output of 

the tracker, non-aircraft tracks may be filtered out based on

their classification.

Multi-Sensor Environment Assessment

A Multi-Sensor Environment Assessment function has been 

developed to dynamically assess sensor and environment 

characteristics that are critical to the performance of the 

tracker, such as false plot maps, probability of detection 

maps, sensor accuracy information and systematic errors. 

The systematic error estimation runs parallel with the 

track continuation process [14], [15], [16]. It uses Extended 

Kalman Filtering to estimate the systematic errors of the 

sensors. Besides the estimation of the systematic sensor 

errors that are sensor dependent only (macro errors), 

the Multi-Sensor Environment Assessment function also 

performs estimation of the track-related errors (micro 

errors). These micro errors may consist of the transponder 

delay error (i.e. the difference between the actual delay 

and the nominal value of 3 microseconds as specified by 

ICAO) and the geometric height, estimated from position 

measurements in a multi-sensor environment.

If ADDs are present for a track, their biases can be estimated 

depending on the multi-sensor coverage configuration 

the corresponding track is located in. For a track, the ADD 

biases in x-position, y-position, ground speed, track angle 

and track angle rate are estimated by the tracker if the 

corresponding ADD components are present in the ADS-B 

and/or Mode-S DAPs that are received for this track. For 

ADS-B, the timestamp bias is also estimated.



From ARTAS towards ARTAS+SMSp

In ARTAS+SMSp, a distinction is made between ENROUTE 

tracking models and AIRPORT tracking models, where 

ENROUTE tracking refers to the original ARTAS air tracking 

capability and AIRPORT tracking refers to the new Surface 

Movement Surveillance capability. This distinction is based 

on dedicated 3D volumes. Depending on the 3D volume 

the target is located in, targets will be tracked using either 

the AIRPORT tracking algorithms or the ENROUTE tracking 

algorithms.

In addition to the sensors already present in the ARTAS 

environment, for ARTAS+SMSp, the sensors SMR/ASDE and 

MLT are also part of the environment. The extension with 

these sensors is relatively straightforward, as they closely 

resemble primary radar and WAM, respectively, whose 

models are already available in ARTAS ENROUTE.

The main extension from ARTAS towards ARTAS+SMSp is 

the introduction of dedicated object models that closely 

mimic the behaviour of aircraft and vehicles that are 

moving on the airport surface.

To further enhance the tracking performance on the airport 

surface, another important extension is the capability to 

estimate the ground Mode-C value by using the Mode-C 

values received from aircraft on the surface.

ARTAS+SMSp is based on tracking technology developed 

at the Netherlands Aerospace Centre NLR. The open 

architecture of the ARTAS tracker and in depth knowledge 

of how the tracking algorithms can be combined allowed 

for a relatively straightforward extension from ARTAS 

towards ARTAS+SMSp. A more detailed description of the 

main extensions is given below.

ARTAS+SMSp is an extension of ARTAS whereby the 

AIRPORT tracking functionality can be switched off. In 

that case, the ARTAS+SMSp behaviour is the same as the 

behaviour of the original ARTAS system.

ARTAS+SMSp environment

The ARTAS+SMSp environment, depicted in Figure 1, 

extends the current ARTAS environment with surface 

surveillance sensors like SMR/ASDE and MLT and surface 

surveillance users like surface traffic control and Runway 

Incursion Alerting Systems (RIAS).

Switching between
AIRPORT and ENROUTE tracking

In ARTAS+SMSp, the switching between AIRPORT and 

ENROUTE tracking algorithms is based on the 3D volume 

in which a tracked object is located. The volume with the 

highest priority in which an object is located determines the 

selected tracking algorithm. If no volume can be selected 

(because the target is outside all specified volumes), the 

target is updated according to the ENROUTE algorithms.

On top of the fact that the volumes specify whether the 

AIRPORT or ENROUTE tracking algorithms are used, for each 

volume the user can specify different values for the tracker 

parameters. This allows for different tracking behaviour in 

different volumes.

Surface surveillance sensor models

For optimal use of all sensor information within a 

surveillance system, sufficiently detailed mathematical 

models of the contributing sensors need to be integrated 

within the system. ARTAS is already equipped with generic 

mathematical models for rotating ATC radars PR, SSR, CMB, 

Mode-S, ADS-B, ADS-C and WAM.  These sensor models, 

in particular PR and WAM, form the basis for the following 

SMS sensor categories:

	Surface Movement Radar (SMR) /Airport Surface 

Detection Equipment (ASDE)

	Multilateration (MLT)

The typical use of these models is in the Tracking function 

and in the Multi-Sensor Environment Assessment function 

to dynamically assess sensor characteristics for these 

sensors.



SMR/ASDE

SMR/ASDE is basically a primary radar but the position 

accuracy of an SMR/ASDE is generally much better than the 

“classical” primary radar and the rotation time usually lies in

the order of one second. As such the generic parametric 

stochastic model that is already available in ARTAS for PR, is 

used as the model for the SMR/ASDE sensor. To match the 

characteristics of the SMR/ASDE sensor, the corresponding 

model parameters are tuned based on an analysis of live 

data from an SMR/ASDE sensor.

MLT

Like WAM, MLT basically consists of a number of antennas 

located at different positions and a processing unit. The 

antennas receive messages from target transponders and 

the processing unit calculates estimated positions of the 

transponders based on the Differences in Times of Arrival 

(DTOA) of a transponder message at the different antennas. 

This process is called “multilateration”. A multilateration 

system based on the Extended Squitter usually also 

provides aircraft identity information (e.g. the unique 

aircraft address). A multilateration system, based on 

Extended Squitter, may also provide additional information 

about certain aircraft parameters. In ARTAS+SMSp, the 

generic parametric stochastic model that is already 

available in ARTAS for WAM is also used as the model for 

MLT. This means that, like WAM, MLT is modelled as a sensor

providing position measurements.

Multi-Sensor Environment Assessment (MSEA)

Since SMR/ASDE and MLT closely resemble primary radar 

and WAM respectively, whose models are already available 

in ARTAS ENROUTE, therefore the same MSEA algorithm 

model can be used for ARTAS AIRPORT as for ARTAS 

ENROUTE.

Extensions for airport objects

The ARTAS ENROUTE dynamic models for flying aircraft 

are not optimal for surface movement surveillance. They 

could be scaled down to match the typical velocities and 

transversal accelerations of taxiing aircraft and moving 

vehicles on an airport surface, however, they would still 

not perfectly match the typical behaviour of an object with 

wheels rolling on the ground. Therefore, to apply the ARTAS 

tracking algorithms on the airports, switching mode models 

have been developed for taxiing aircraft and vehicles based 

on a 3- wheel model, [21], see Figure 4. A 

distinction is made between high-speed taxiing aircraft 

and low speed taxiing aircraft. For both high-speed taxiing 

aircraft and low speed taxiing aircraft the corresponding 

state vector consists of x-position, y-position, ground speed, 

track angle and direction of the nose wheel. Notice that this 

state vector is very similar to the highspeed state vector 

of ARTAS ENROUTE. Only the last component of the state 

vector is different i.e. for the ARTAS AIRPORT model, the 

direction of the nose wheel is used whereas for the ARTAS 

ENROUTE model, the transversal acceleration is used.

The “three-wheel” dynamical model considers a taxiing 

aircraft as a point-mass with two fixed rear wheels and one 

steerable front (nose) wheel. An overview of the 3-wheel 

model is depicted in Figure 4, where c denotes the course 

of the aircraft with respect to a fixed (x,y)- frame, f denotes 

the orientation of the front (nose) wheel with respect to a 

frame linked to the aircraft, v is the velocity of the aircraft 

and x and y are the aircraft position co-ordinates and d is 

the distance between the front (nose) wheel and the rear 

axle.

Under the condition of rolling without slipping, the 

equations of motion corresponding to the three-wheel 

taxiing aircraft model, as depicted in Figure 4, are:

Figure 4:
3-wheel based taxiing aircraft model



High-speed taxiing aircraft model

For high-speed taxiing aircraft the three-wheel model is  

used with four modes that characterise different horizontal 

manoeuvres. The four different manoeuvring modes are 

Uniform Motion (UM), Left Turn (LT), Right Turn (RT) and 

Speed Change (SC).

Low-speed taxiing aircraft model

The advantage of using the three-wheel model for tracking 

low-speed aircraft is that it allows the tracker to maintain an 

accurate course/heading estimate at low speeds. However, a 

dedicated low-speed characterisation is necessary to allow 

the tracker to quickly respond to sudden manoeuvres at 

low speeds. For example manoeuvres from hold to take-off. 

For this reason, a low-speed taxiing aircraft three-wheel 

model is used with seven modes to characterise different 

horizontal manoeuvres. The seven different manoeuvring 

modes are Uniform Motion (UM), Left Turn (LT), Right Turn 

(RT), Speed Change (SC), Hold, Speed Change after Turning 

on the Spot Left (SCTSL), Speed Change after Turning on 

the Spot Right (SCTSR).

Extension for Classification

For ARTAS+SMSp, the classification function has been 

extended to classify Object tracks and Non-object tracks 

in AIRPORT volumes. Tracks that are not yet classified as 

Object tracks or Non-object tracks in AIRPORT volumes are 

classified as Tentative tracks.

Object tracks in AIRPORT volumes are classified as either:

	Aircraft Standing

	Aircraft Moving

	Arrival

	Departure

	Vehicle Standing

	Vehicle Moving

	Helicopter

Non-Object tracks in AIRPORT volumes are classified as 

either:

	Primary false

	Ghost

	False Other

Use of estimated ground Mode-C

To ensure accurate ground tracking, seamless transition 

between AIRPORT and ENROUTE tracking models and vice 

versa and to precisely use the aeronautical elements at the 

airport, it is important that proper slant-range corrections 

are applied to the radar measurements in the vicinity of 

the airport. To this end, ARTAS+SMSp performs a dynamic 

computation of the actual barometric height of the airport 

elevation by estimating the ground Mode-C based on the 

Mode-C values received from aircraft on the ground.

ARTAS+SMSp uses the estimated ground Mode-C, within 

the current surveillance volume, to gradually shift the 

height used for slant-range correction from the measured 

Mode-C height to the estimated height above the airport 

surface, which is derived from the difference between the 

measured Mode-C and the estimated ground Mode-C.

To achieve this, a diminution height band can be specified 

in which the effect of the ground mode-C on the correction 

of the slant range will gradually take place using the 

following correction factor F :



Potential future ARTAS SMSp extensions.

Use of airport geographic environment.

In the current ARTAS tracker, aeronautical information 

such as SID, STAR and routes can be used to improve the 

tracking performance for aircraft that adhere to these 

routes. In ARTAS+SMSp, taxi routes and runways could be 

used similarly to these aeronautical routes and additional 

logic developed to improve the tracking performance even 

more.

In particular, airport taxiways and runways could be used 

to estimate SMR biases, [23].

Additional Sensors

Other sensor technologies could be integrated in ARTAS to 

further extend its surveillance data processing capability, in 

particular for the surface movement surveillance.

Figure 5:
Different height bands and the corresponding

“corrected” Mode-C

where meas H meas is the measured height obtained from 

the Mode-C, H volume is the volume height, H heightband 

is the height band of the volume, and H diminution is the 

diminution height band of the volume.

The slant range correction is based on the following 

“corrected” Mode-C height:

C corr = C meas – F . (C ground – H airport)

where meas C meas is the measured Mode-C, C ground iis 

the estimated Ground Mode-C and H airport the airport 

elevation. A graphical overview of the different height 

bands and the corresponding “corrected” Mode-C height is 

depicted in Figure 5.

A future extension of ARTAS is the integration of 

Independent Non-Cooperative Surveillance (INCS) systems. 

An INCS system is one in which the aircraft position, but 

not Identity or other aircraft sourced data (such as Mode 

C height), is derived from a measurement without relying 

upon the active cooperation of the aircraft. This covers a 

range of INCS system type’s e.g. mono-static, bi-static, 

multi-static (Active and/or Passive techniques) and even 

electro-optic sensors.

The first challenge is to correctly associate primary, and 

possibly non-sectorised, measurements from INCS systems 

to the tracked objects. Another challenge is to process 

correctly other objects reflecting the RF signals used 

to illuminate the aircraft, meaning that the sensor may 

output ‘false’ target reports for these objects in addition 

to those for the ‘real’ aircraft. A range of optional data can 

be made available to assist with this processing e.g. target 

classification, the nature of any opportunity transmitters 

that were used to support the detection i.e. FM, DAB and/

or DVB-T.



Concluding Remarks

In the present paper, an overview is presented of ARTAS 

and its extension towards ARTAS+SMSp for seamless 

gate-to-gate surveillance. The main extensions towards 

seamless gate-to-gate surveillance comprise tuning of 

ARTAS sensor models to match the characteristics of the 

surface surveillance sensors, the integration of new object 

dynamics, additional classification rules and accurate slant-

range correction in the vicinity of the airport.

The new object dynamics are modelled by a three-wheel 

model with appropriate modes of movement, which 

closely mimics the behaviour of aircraft and other vehicles 

that are moving on the airport surface. For classification, 

the possibility to classify vehicles is added. For accurate 

slant-range correction, ARTAS+SMSp has been extended 

with the capability to estimate the ground Mode-C value 

by using the Mode-C values received from aircraft on the 

surface.

The open architecture of the ARTAS tracker and in depth 

knowledge of how the tracking algorithms can be 

combined allowed a relatively straightforward integration 

of Surface Movement Surveillance into ARTAS, yielding 

an ARTAS+SMSp for seamless gate-to-gate surveillance 

that, following an evaluation period, needs to be formally 

integrated into an ARTAS baseline, respecting the relevant 

standards. This also enables relatively straightforward 

future extensions, like the use of the airport’s geographical 

environment and the integration of other surveillance 

technologies, such as multi-static primary surveillance 

radar and camera surveillance. ARTAS+SMSp is currently 

under evaluation and its performance plans to be specified 

and tested.

An example of an INCS is the Multi-Static Primary 

Surveillance Radar (MSPSR) for Terminal Approach Control 

and En-route purposes. It is based on a sparse network 

of stations able to receive omnidirectional continuous 

waveforms.

Another possible future extension of ARTAS is the 

integration of camera surveillance. Cameras are relative low 

cost sensors that can serve as complementary surveillance

sensors as well as “gap-fillers” in areas where other sensors 

lack coverage. Several techniques are available to perform 

object detection and tracking with camera images. 

The Netherlands Aerospace Centre NLR has gained 

experience with object detection and tracking with camera 

images from both fixed and moving cameras. Currently at 

NLR, research is performed towards real-time 3D modelling 

from camera images and automatic camera calibration 

and camera pose and position estimation. The potential 

integration of camera surveillance in the ARTAS tracker is 

also part of NLR’s planned research activities.

The integration of any new sensor requires the good 

understanding of the corresponding sensor characteristics 

and the conversion of these characteristics in an appropriate 

sensor model for the ARTAS tracker.Further use of extended 

object information.

SMR/ASDE can also provide extended object information 

(e.g. object size and orientation), but the use of this 

information is currently limited to raw classification in 

ARTAS+SMSp. A step further is the actual integration 

of extended object tracking in ARTAS. The idea behind 

this is that, depending on the object size and the radar 

resolution, below a certain distance from the radar, objects 

may produce multiple scattering reflections. If not properly 

treated, this may lead to multiple detections and multiple 

(unstable) tracks. Usually this effect is reduced by processing 

the measurements at the sensor itself (e.g. SMR/ASDE), but 

it may be more effective when this is taken care of by the 

tracker, especially when multiple objects are relatively close 

to each other.

Track distribution

ARTAS Server could be extended to make use of the 

SMSp AIRPORT/ENROUTE volumes (ref. 0) and extended 

classification (ref. 0) to provide more possibilities to 

configure track update services so as to conveniently 

support various and new kinds of surveillance users.



[14]  H.A.P. Blom, R.A. Hoogendoorn, B.A. van Doorn and W.H.L.  

  Neven, Organisation and registration of data for 

  multi-sensor jump-diffusion tracking, NLR Technical  

  Report, TR 91301 L, 1991.

[15]  H.A.P. Blom, R.A. Hogendoorn and B.A. van Doorn, 

  Design of a Multisensor Tracking system for Advanced  

  Air-Traffic Control. In: Y. Bar-Shalom (ed.), Multi-Target- 

  Multisensor Tracking: Applications and Advances, Vol. II,  

  Artech House, 1992, Vol. II, pp. 31-63.

[16]  B.A. van Doorn and H.A.P. Blom, Systematic Error 

  estimation in Multisensor Fusion Systems, SPIE Conf. on  

  Signal and data Processing of Small Targets, April 1993,  

  Orlando, pp. 450-461.

[17]  E.A. Bloem and H.A.P. Blom, Joint Probabilistic Data  

  Association Methods avoiding track coalescence, Proc.  

  34th IEEE Conf. on Decision and Control, December 1995,  

  pp. 2752-2757.

[18]  C.M. Rekkas and H.A.P. Blom, Multi Sensor Data Fusion in  

  ARTAS, Proc. Of the IRCTR Coll. On Surv. Sensor Tracking, 

  Delft University of Technology, 1997.

[19]  R.A. Hogendoorn and W.H.L. Neven, ARTAS: Multisensor  

  Tracking in an ATC Environment, AGARD SPP Symposium, 

  October 1997, CP-595, 1997.

[20]  H.A.P. Blom and E.A. Bloem, Probabilistic Data Association  

  Avoiding Track Coalescence, IEEE Transactions on 

  Automatic Control, Vol. 45, February 2000, pp. 247-259.

[21]  E.A. Bloem and M.N.J. van der Park, IMMPDA with  

  high- and low speed threewheel models for A-SMGCS,  

  NLR-Memorandum LL-2003-008, 2003.

[22]  Blom, H. A. P. and E. A. Bloem, Combining IMM and JPDA  

  for tracking multiple manoeuvring targets in clutter, Proc.  

  5th Int. Conf. on Information Fusion, July 8-11, 2002, 

  Vol. 1, pp. 705-712.

[23]  Besada J. A., A. Soto, G. Miguel, J. Portillo. Design of an  

  ASMGCS prototype at Barajas Airport: Airport  

  surveillance sensors bias estimation, Proc. 8th Int. Conf.  

  on Information Fusion, July 2005.

References

[1]  ARTAS V8B1 System/Segment Specification (SSS),  

  ID: ARTAS-SSS-V8B1, Edition: 2.00, Date: 23.05.2012,  

  EUROCONTROL

[2]   http://www.airbus.com/company/market/forecast/

[3]   E.A. Bloem, H.A.P. Blom and F.J. van Schaik, Advanced  

  data fusion for airport surveillance. In Proceedings of the 

  JISSA 2001 International Conference on Airport 

  Surveillance Sensors, Paris, Dec. 2001.

[4]  http://www.eurocontrol.int/artas

[5]  H.A.P. Blom, A sophisticated tracking algorithm for Air  

  Traffic Control surveillance radar data, Proc. Int. Conf. 

  on Radar, Paris, May 1984, pp. 393-398.

[6]  H.A.P. Blom, An efficient filter for abruptly changing  

  systems, Proc. 23rd IEEE CDC, Las Vegas, 

  December 1984, pp. 656-658.

[7]  H.A.P. Blom, Overlooked potential of systems with 

  Markovian coefficients, Proc. 25th IEEE Conf. on Decision  

  & Control, Athens, Greece, December 1986, pp.1758-1764.

[8]  H.A.P. Blom and W.C. Huisman, An aircraft trajectory  

  segmentation and classification method based on the 

  mode of flight concept, NLR-report TR-87-100 L, 1987.

[9]  H.A.P. Blom and Y. Bar-Shalom, The Interacting Multiple  

  Model algorithm for systems with Markovian switching 

  coefficients, IEEE Tr. on Automatic Control, 

  Vol.33 (1988), pp. 780-783.

[10]  R.A. Hogendoorn, H.A.P. Blom, Bayesian Track Initiation  

  by time-reversion of Trajectory Models, Proc. IEEE 

  Int. Conf. on Control Appl., April 1989, Jerusalem, 

  paper WA-1-5.

[11]  F. Voorbraak, A computationally efficient approximation  

  of Dempster-Shafer theory, Int. J. Man-Machine Studies,  

  1989, Vol. 30, pp. 525-536.

[12]  H.A.P. Blom, Bayesian estimation for decision directed  

  stochastic control, Ph.D. thesis, Delft Univ.of 

  Technology, 1990.

[13]  H.A.P. Blom, Hybrid state estimation for systems with  

  semi-Markov swithcing coefficients, Proc. European  

  Control Conference, Grenoble, France, July, 

  1991, pp. 1132-1137.


