
Tracking of Aircraft Groups in an Operational Air 
Surveillance System  

 
Dr. Wolfgang Konle   

Integrated Systems Engineering 
Cassidian 

Friedrichshafen Germany. 
wolfgang.konle@cassidian.com 

 
 

 

Abstract - An operational Air Surveillance System shall 
generate a stable and reliable air picture. In dense 
target situations the quality of available sensor data is 
reduced. System models which take into account 
correlated flight paths of aircraft formations help to 
compensate the lack of information in dense situations. 
The aim is to improve the tracking capabilities in dense 
situations and to continue the tracking of group 
members as individual aircrafts. 
The paper describes algorithms to detect groups, to 
evaluate the relative behavior of group members and to 
handle group maneuvers like split and join events. As a 
summary a robust algorithm of group tracking is 
presented which is in operational use in the German Air 
Defense System GIADS.      
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1 Introduction 
In comparison to single object tracking, the tracking of 

groups of objects has significantly different requirements. 
The differences are caused by limited sensor resolution 
capabilities and increased data association ambiguities. A 
basic requirement for group tracking applied in air 
surveillance is the capability to track individual group 
members. Therefore the capability to track an individual 
target is the primary criterion of an analysis of potential 
group tracking algorithms. 

  One possibility to handle very dense situations is to 
consider a group of objects as a single extended object 
[1], [2], [3]. In [3] a way has been described to derive 
individual target positions within a group. In situations 
with a chance to detect group members separately, 
individual tracking of group members seems to be 
possible with the methods described in [3]. In [4] a 
method has been described to improve the tracking 
performance by using repulsive forces between closely 
separated targets and group structure models. With a 
particle algorithm using Markov chains and evolving 
group models it also has been possible to track individual 
targets and to infer the correct group structure over time. 
Usage of a Gaussian Mixture for tracking groups and 

individual targets within groups has been described in [5].  
Though the methods in [3],[4],[5] seem to be appropriate 
for tracking individual group members, a different 
approach more close to classical tracking has been 
selected.    

A group tracking algorithm integrated in an operational 
air surveillance system which reports individual group 
member tracks is described. The difference to the classical 
individual target tracking is that a virtual point group, 
representing the center of gravity is tracked. The 
movement of the center of gravity defines a moving 
coordinate system, oriented in movement direction. In this 
coordinate system a model for individual target 
kinematics is defined. Individual object Tracking is then 
performed in this coordinate system. The only relevant 
difference between single target tracking in the world 
coordinate system and single target tracking in the center 
of gravity coordinate system is the assumption of reduced 
object maneuver capabilities.  

The idea is, that with the reduced object maneuver 
capabilities an enhanced relative stability of individual 
trajectories can be achieved, without losing the overall 
maneuver responsivity. Compared with the extended 
object models in [1], [2], and [3] this model more quickly 
adapts to the group structure, but it needs a higher 
detection probability. The use of repulsive forces as used 
in [4] is not applicable, because this would enforce group 
conformal dynamic behavior and therefore enhance the 
false detection probability of groups.  The Gaussian 
mixture based method as described in [5], seems to be 
applicable, but in this case only an implementation with 
algorithms similar to those used in the underlying tracking 
system was affordable.  

An essential aspect of the group tracking algorithm in 
an operational system is the detection of groups. A very 
low probability of false detections is required. If an 
arbitrary set of targets is considered as a group and a 
collective behavior is assumed, then the normal target 
dynamic is disturbed and in absence of real groups, the 
system performance with an activated group tracking 
module is reduced. From an operational point of view a 
reduced group detection probability much easier can be 
accepted than a high false detection probability.  
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Group detection is closely related to association 
ambiguity. If even in dense situations, sensor data 
unambiguously can be associated to individual tracks, 
group tracking is not necessarily better than normal 
tracking. Therefore group tracking is only required in 
ambiguous situations. 

A further aspect concerns system complexity. Group 
tracking in a large system needs considerable 
computational resources. In order to exclude negative 
impact on normal tracking, the group tracking must be 
implemented as an asynchronously coupled separate 
process. The group tracking gets tracks and plots as input 
and provides group tracks as output, which may override 
normal tracks. 

The three aspects group detection; group tracking and 
system architecture are discussed separately in section 2. 
 

2 Group tracking algorithms 
The group tracking uses plots, plot track correlation 
information and tracks provided by the tracking system. 
The outputs of the group tracking are labelled tracks 
which override system tracks with that label. 

2.1 Group detection 

Two local tracks belong to the same group if they share 
position and velocity within predefined limits. A track 
leaves a group if its distance to all other group members 
exceeds a given limit. These are the simple rules behind 
group detection. But the selection of appropriate limits 
and the implementation of the group management which 
takes into account crossing and close encounter as well as 
split and merge situations within an environment of up to 
3000 local tracks is less simple. Parameters, which control 
those situations, are listed in Table 1.  

In order to take into account the requirement of an 
extremely low probability of false group detection a two 
phase (group and pre-group) detection algorithm is used. 
Based on correlation lists, pre-group definitions are 
managed. As soon as tracks are linked together by 
commonly correlated plots over a certain period of time, 
they share the same pre-group. As soon as a track does 
not have at least one neighboured partner within the pre-
group, it leaves the pre-group. A partner is neighboured if 
the distance and the speed difference is below a given 
limit. 

As soon as a pre-group has been established, the group 
tracking is initiated. If during group tracking, the 
individual tracks remain within given limits for a given 
time interval, the pre-group advances to a group and the 
group tracking results override the system tracking 
results.  

A group is considered as a stable group as long as in the 
coordinate system of the movement of the center of 
gravity, each individual member does not exceed a certain 

speed. As soon as this condition is violated, the group is 
again considered to be a pre-group and does no longer 
override the system tracks. 

2.2 Group tracking 

The group tracking uses batches of plots from one sensor 
correlated to group member tracks. The plot batches are 
individually correlated to the group tracks and used for 
update. In many cases, groups are detected by many 
sensors simultaneously. 
 

 
Figure 1 Group Tracking Input Data 

Figure 1 shows the sensor data input to the group 
tracking for a group of two aircraft. The processing 
stepwise uses sets of returns from each contributing 
sensor. In the given example two sets with two plots from 
the sensors DEI and LPZ are explicitly indicated on the 
left side of Figure 1. The center of gravity of the plots is 
also indicated. The center of gravity is used to update a 
virtual track, which represents the center of gravity. The 
plot positions are then moved to the current estimate for 
the center of gravity. The movement is indicated by an 
arrow from the center of gravity of the batch of plots to 
the estimated position of the center of gravity. The moved 
plot positions are then transformed into the coordinate 
system of the individual group tracks and used for update 
of individual group tracks. In Figure 1 the green and red 
track path represents the group tracking result and the 
yellow and magenta track paths represent a path resulting 
from individual sensor updates. Figure 1 illustrates a 
typical spatial distribution of sensor data from different 
sensors and shows the high noise level challenging the 
filtering algorithms. 

The group tracking filter is separated into tracking of 
the Center of Gravity CoG in general coordinates and 
tracking of the Group Members GMi in the CoG/[] 
coordinate system. Input to the CoG tracking is the center 
of gravity of plot batches correlating to all group 
members. Inputs to the group member tracking are the 
relative plot positions in respect to the CoG of the current 
plot batch.  

An Extended Kalman Filter [6] is used to evaluate the 
CoG state vector CoG(t, x, y, z, v, φ, vz). CoG/[x, y, z] is 
a Cartesian system Cs defined by a fixed tangent plane to 
the earth surface. CoG/[v, φ, vz] is a cylindrical 
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coordinate system horizontally oriented to local north and 
vertically oriented to local vertical.  

  Group members are then tracked in a coordinate 
system with its origin at CoG/[x, y, z], the horizontal 
orientation of its x-Axis is in direction to CoG(φ) and a 
vertical speed offset of CoG(vz) is applied. In this moving 
coordinate system, the state vector of group member i is 
given as GMi(t, x, y, z, vx, vy, vz).  

The input plot data to the group member tracking is 
given in the coordinate system Cs defined above as Pi(t, x, 
y, z). In a first step, relative coordinates, in respect to the 

center of gravity of the plot batch iP ,(i=1..n) are 
calculated.  

z) y,  x,(t,P
i

= z) y,  x,(t,Pi -
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n

1 i   (1) 

Now a coordinate transform =CsCoG is defined in 
accordance to the current position and orientation   of 

the center of gravity of a group. The symbol   represents 

the heading of the movement of the center of gravity. 
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The coordinate transform  is applied to all shifted plots 
i

P  from the plot batch correlating to the group. 
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In the next processing step coordinate transformed track 

positions 
j

T for time t are predicted and correlated to the 

plot positions
i

P . For the correlation a nearest neighbour 
algorithm is used.  Result of the correlation is a bijective 
relation ij. 

Finally, the track j is updated with the correlated plot i. 
In order to keep it simple (or with other words in order to 
reduce the costs), an alpha beta filter is used for the track 
update in the moving coordinate system. 
(x,y,z)(+)   = (x,y,z)(-) +  

   z)(-))y,(x,-z) y,  x,(P(
i

    (4) 

(vx,vy,vz)(+) = (vx,vy,vz)(-) + 

z(-)))y,(x,-z) y,  x,(P(
i

    (5) 

 
The result is then derived by applying the inverse 

coordinate transform -1=CsCoG to the updated state 
vector. 
A disadvantage of using an alpha beta filter is that a high 
sensitivity must be selected in order to reduce the false 
alarm probability and this also reduces the noise filter 
efficiency.  

2.3 System architecture 

 
 
 
 

 
 
 

 

 

Figure 2 Group Tracking System Architecture 

Figure 2 shows the architecture of the tracking system 
with integrated group tracking module. The tracking 
system contains a module "preprocessing" which converts 
sensor data messages from different sources to a common 
structure and pre-correlates the messages to tracks. The 
module "correlation/update" performs final track/plot 
correlation and updates tracks with correlated plots. The 
tracks are initiated by third separate module, not shown in 
Figure 2. The important detail of the system architecture 
is, that the group tracking module reads parts of the data 
exchange between internal tracking system modules. 
Track data, plot data and pre-correlation information is 
used. Pre- correlation information contains a list of all 
track candidates which can be correlated to a plot. As 
soon as the group tracking has identified a stable group, it 
reports the according results of tracking group members. 
The tracking module overwrites its internal results with 
inputs from the group tracking. The group tracking 
initiates its internal group member tracks with references 
to the system tracks. These references are used to identify 
the system track, which becomes overwritten by a group 
track.    

3 Application of group tracking 

3.1 Group tracking parameter  

algorithm parameter type  typical value 
joining/group 
detetction 

distance to CoG 2km 

 speed difference 20m/s 
group state 
update 

alpha (gain of 
position update) 

0.1..0.4 
range dependent 

 beta (gain of 
velocity update) 

0.03..0.07 
range dependent 

 CoG maneuver 2g 
split/separation distance to CoG 4km 
 speed difference 40m/s 

Table 1 Group tracking performance parameter 

The performance of the group tracking depends on three 
sets of heuristic parameters. The three sets concern 

senso
r data 

correlation/update preprocessing 

group tracking 

track 
data 

tracking system
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joining of tracks to groups, update of groups with plots 
and group splitting. Group detection, joining of tracks to 
groups, is controlled by critical distance and speed 
difference values between the center of gravity and 
member tracks.  
Group track update is controlled by the alpha beta gain 
values of relative group track member movement and by 
the maneuver capability of the center of gravity track. The 
group splitting parameter are again distance and speed 
difference values. 
Table 1 shows the most important parameter values to 
control the performance of the group tracking. "Tuning" is 
the process to find parameter sets appropriate for an 
operational use, discussed in the next section. 

3.2 Tuning of group tracking   

 

 

Figure 3 Comparison of tracking and group tracking  

Figure 3 impressively demonstrates the superiority of the 
group tracking algorithms over basic tracking algorithms 
to handle group dynamics in simulated group scenarios. In 
a life environment however, the group dynamic is not the 
only problem, group detection must be accomplished as 
well. If the filter parameters are optimized for handling 
group dynamics, the capability to detect false groups is 
very low.   As a consequence a parameter setting, which is 
quite sensitive to a relative movement of group members,   
must be selected. An alternate solution would be to handle 

two group variants in parallel, a highly reactive version 
for group detection, and a smooth version for optimal 
group dynamics. Currently only the one variant version 
has been considered 
Tracking tests with recorded life scenarios show, that 
group tracking, implemented as described in section 2 is 
appropriate to meet the operational requirements. The 
major requirements are that individual tracks must be 
preserved during group tracking and normal tracking 
phases and that tracks must not be disturbed in cases of 
constellations which are not real groups. 

  

Figure 4 Two aircraft group 

The figure above just shows tracking- and group tracking 
results for a two target group. The group tracking phase is 
displayed in cyan colour and the normal tracking phase is 
displayed in yellow colour. We focus on a group of two 
aircraft, one with a transponder and one without. Figure 4 
shows that the observed group of two tracks at the 
beginning of a right turn shifts from group tracking to 
normal tracking.   During the normal tracking phase the 
track without transponder switches from the left to the 
right position. The position switch violates the relative 
group member movement as specified in section 2.1. As 
soon as the relative movement has ended, the group 
tracking phase continues. 

4 Discussion of group tracking results 
In accordance to the requirements, the group tracking 

performance parameters are tuned to values with a very 
low probability of false group detection. Figure 5 shows a 
selection of group tracking results over middle Europe for 
about 100 minutes. The yellow rectangle in Figure 5 
indicates an area displayed in Figure 6. In this area group 
tracking and normal tracking results are commonly 
displayed. Figure 6 shows, that group tracking only 
occurs in a very small fraction of the air traffic Both 
figures show, that the group tracking phases often are 
interrupted. The interruptions occur as soon as the criteria 
of relative movement of group members exceed the given 
threshold. (C.f. Table 1).  
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Figure 5 Group tracking overview 

The blue rectangle in Figure 6 shows the area, analyzed in 
more detail in Figure 4,. 
 

 
Figure 6 Group tracking and normal tracking 

 
Figure 7 Two aircraft group 

Figure 7shows the same scene as Figure 4 but is 
now colored in accordance to the track 
numbering. In this view the track switching in 
accordance with primary and secondary radar 
returns is obvious. It also can be seen, that the 
track identity is preserved during switches from 
group tracking to normal tracking and vice 
versa. Group tracking has to cover the third 
dimension as well. The result can be seen in the 
next figure. 

 
Figure 8 Side view of Figure 7 

Figure 8 shows a fairly stable vertical shape of the red 
group track, supported by secondary radar information. 
The height of the blue track, mainly detected by primary 
radar is less accurate. 

 
Figure 9 Maneuvring group tracking 

Figure 9, Figure 10, Figure 11 show the group tracking 
result of a maneuvering flight. In Figure 9 the group 
tracking and the normal tracking phases are shown using 
the colors cyan and yellow. The plot colors are according 
to the sensors. In Figure 10 the coloring of plots and 
tracks is according to the track numbers. Figure 11 shows 
a selection of the group tracking phase of Figure 10. The 
situation of the three figures has been selected as an 
example, because major challenges like strong maneuvers 
multiple sensor contributions including clutter occur. 

The group tracking result in the three figures 
demonstrates that the group tracking works as an 
integrated module the air surveillance system. The 
comparison of the group tracking phases and the normal 
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tracking phases however shows a smaller smoothing 
effect as expected.  

 
Figure 10 Maneuvring group tracking 

 
Figure 11 Group tracking phases of Figure 10 

The cause for a quite noisy path of group members is 
the high gain in the alpha beta filter settings. (C. f. Table 
1, equations (4),(5)) 
A smaller gain reduces the capability to recognize group 
split events or to recognize constellations which are not 
really groups. An improvement of the quality of group 
member trajectories can be achieved by using Kalman 
Filters instead of Alpha Beta filters to calculate the group 
member trajectories.   

5 Conclusion 
Group tracking with center of gravity tracking 

combined with tracking of the relative movement of group 
members to the center of gravity is operationally feasible 
and works integrated in an air surveillance system. The 
current system implementation uses a constant set of 
adaptation parameter to meet the operational 
requirements.  

The implementation of the algorithms in an operational 
system could be demonstrated and passed system 
acceptance.   

An acceptable performance of group tracking could be 
achieved with simple alpha beta filters for the dynamics 
within a group. It can be expected that the performance 
significantly can be increased by using an extended 
Kalman Filter instead, taking into account a complete 
error model for all contributing sensors, the relative group 
member movement and the center of gravity movement. 
Another option to increase the tracking accuracy would be 
the usage of two group variants in parallel, a more volatile 
variant to support group detection, and a smoothed variant 
to represent optimized group dynamics. 
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