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Abstract: The safety of the traffic of aircraft and special vehicles at an airfield is largely determined by the level of ground 
movement surveillance and control systems at the airfield, specifically within the airfield maneuvering zone, which includes the 
runway, taxiways, and apron. Modern surveillance systems, including airfield surveillance radars, airfield multi-position 
surveillance systems, and automatic dependent surveillance system equipment, have high tactical and technical characteristics that 
ensure the required level of ground traffic safety at the airfield. However, these surveillance systems are radio-based and therefore 
susceptible to radio interference, which can significantly worsen their performance or completely prevent their intended use. 
Advanced surveillance systems, particularly vibroacoustic monitoring systems, are not susceptible to radio interference and can 
operate in any weather and at any time of the year and day, however, they have a significant disadvantage – the inability to 
determine the coordinates of stationary objects at the airfield. A possible solution to the current contradiction is to integrate existing 
and prospective systems into a single, integrated airfield traffic monitoring and control system. This article, based on Markov theory 
for estimating random processes, develops algorithms for integrated processing of information on the movement of objects in the 
airfield area and proposes structural diagrams for an integrated airfield traffic monitoring and control system. It concludes that it is 
feasible to create an integrated airfield traffic monitoring and control system capable of detecting abnormal system operation. 
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Комплексная система контроля наземного движения на аэродроме 
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Аннотация: Безопасность движения воздушных судов, специальных транспортных средств на аэродроме во многом 
определяется уровнем оснащения аэродрома системами наблюдения и контроля наземного движения на аэродроме, а 
именно в зоне маневрирования аэродрома, к которой относятся взлетно-посадочная полоса, рулежные дорожки, перрон. 
Современные системы наблюдения, которые включают радиолокаторы обзора летного поля, аэродромные 
многопозиционные системы наблюдения и аппаратуру системы автоматического зависимого наблюдения, обладают 
высокими тактико-техническими характеристиками, позволяющими обеспечивать требуемый уровень безопасности 
наземного движения на аэродроме. Однако перечисленные системы наблюдения являются радиотехническими 
системами и в связи с этим подвержены влиянию радиопомех, которые могут существенно ухудшить их тактико-
технические характеристики или полностью исключить их использование по назначению. Перспективные системы 
наблюдения, в частности системы виброакустического контроля, не подвержены влиянию радиопомех, могут 
функционировать в любую погоду и в любое время года и суток, но обладают существенным недостатком – 
невозможностью определения координат неподвижных объектов на аэродроме. Возможным выходом из сложившегося 
противоречия является объединение существующих и перспективных систем в единую комплексную систему 
наблюдения и контроля движения на аэродроме. В статье на базе марковской теории оценивания случайных процессов 
разработаны алгоритмы комплексной обработки информации о движении объектов в зоне аэродрома и предложены 
структурные схемы комплексной системы наблюдения и контроля движения на аэродроме. Сделан вывод о 
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целесообразности создания комплексной системы наблюдения и контроля движения на аэродроме, обладающей 
возможностью обнаружения аномальной работы системы. 
 
Ключевые слова: обзор летного поля, комплексирование измерителей, контроль движения на аэродроме, система 
наблюдения, виброакустическая система, наземное движение, марковская теория. 
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Introduction  
 

Monitoring and surveillance of objects (air-
craft, special-purpose vehicles) within the air-
field maneuvering zone is performed by surveil-
lance systems that are part of the Advanced Sur-
face Movement Guidance and Control System 
(A-SMGCS). According to the ICAO classifica-
tion, there are four levels of A-SMGCS func-
tionality (internationally known as A-SMGCS – 
Advanced Surface Movement Guidance and 
Control System). 

Level 1 A-SMGCS functionality includes air 
and ground situational awareness functions pro-
vided to the air traffic controller. A-SMGCS 
processes trajectory data received from coordi-
nate and motion data meters within the airfield 
maneuvering zone. 

The displayed information about the airfield 
maneuvering zone includes: aircraft stands; run-
way boundaries and centerlines; main taxiway 
boundaries and centerlines; apron boundaries; 
taxiway centerlines; restricted areas; aircraft and 
special-purpose vehicle coordinates, etc. 

Implementation of Level 1 A-SMGCS func-
tions does not require automation and is distrib-
uted between surveillance data processing tools 
and air traffic controller workstations. 

Level 2 A-SMGCS functionality includes 
Level 1 A-SMGCS functions, as well as runway 
conflict display to the air traffic controller. 

Level 3 A-SMGCS functionality includes 
Level 2 A-SMGCS functions, as well as: 

 provision of surveillance information to all 
aircraft and special-purpose vehicles in the air-
field maneuvering zone; 

 provision of conflict information to 
equipped aircraft and special-purpose vehicles; 

 routing functionality available to the con-
troller. 

Level 3 A-SMGCS functionality should al-
low every aircraft and special-purpose vehicle 
within the airfield maneuvering zone to have in-
formation about the location of all other aircraft 
and special-purpose vehicles. It should be noted 
that Level 3 A-SMGCS assumes that all aircraft 
and special-purpose vehicles moving within the 
airfield maneuvering zone are equipped with 
ADS-B automatic dependent surveillance (ADS) 
transponders. 

Level 4 A-SMGCS functionality includes the 
functions of Level 3 A-SMGCS, as well as the 
provision of taxi route information to equipped 
aircraft and special-purpose vehicles, the provi-
sion of conflict information to all aircraft and 
special-purpose vehicles, the calculation of au-
tomatic conflict resolution options, and the pro-
vision of these to the air traffic controller. 

The currently operational Vega A-SMGCS 
system complies with A-SMGCS Level 2 and 
processes information from the airfield surveil-
lance radar (AFSR), the aerodrome surveillance 
radar (ASR), the aerodrome multi-position sur-
veillance system (AMPSS), and the ADS-B sys-
tem. It should be noted that information from the 
ASR has a low priority. The modern automated 
air traffic control system (ATC), “Galaktika”, 
operated as a backup at the Moscow ATM Cen-
ter, includes A-SMGCS Level 4 functions. 

Implementation of A-SMGCS Levels 2, 3, 
and 4 requires high-precision aircraft and spe-
cial-purpose vehicle positioning, based on ICAO 
requirements and Eurocontrol recommendations. 
However, the actual accuracy of aircraft and 
special-purpose vehicle positioning directly de-
pends on the accuracy of the AFSR and the 
AMPSS. 

An analysis of the current levels of imple-
mentation of the A-SMGCS allows to conclude 
that AFSR, AMPSS, and ADS-B are currently 
used to determine the coordinates of objects in 
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the airfield maneuvering area. All of these sys-
tems are radio-based and, despite operating in 
various frequency ranges, have one significant 
disadvantage: dependence on the level of radio 
interference. This disadvantage can be compen-
sated for by implementing surveillance systems 
the operating principle of which is based on oth-
er physical principles. Such systems include vi-
broacoustic motion detection and control sys-
tems (further VADS) at the airfield. A domesti-
cally developed vibroacoustic system of this 
type, which has successfully passed testing, is 
the “Topot” vibroacoustic system developed by 
JSC “International Aero Navigation Systems 
Concern”. The “Topot” VADS is a set of sensi-
tive acoustic wave sensors spaced out and locat-
ed around the perimeter of the airfield maneu-
vering area, operating on the principle of coher-
ent reflectometry [1–3].  

The main advantage of the VADS is its inde-
pendent, all-weather, automatic detection of 
moving aircraft, transport systems, and other ob-
jects within the aerodrome maneuvering zone. 
The VADS is completely interference-immune 
across the entire radio frequency range. Howev-
er, the VADS also has several disadvantages, 
namely: lower accuracy compared to radio-based 
surveillance systems, measurement ambiguity, 
and, most importantly, the inability to observe 
and control stationary objects. Clearly, integrat-
ing surveillance systems operating on different 
physical principles will significantly reduce the 
impact of their shortcomings and improve air-
field safety.  

Therefore, the advanced surface movement 
guidance and control system (A-SMGCS) should 
include existing surveillance systems – the 
AFSR, the AMPSS, the ADS-B, and the pro-
spective VADS system. Figure 1 shows the gen-
eralized structure of the VADS. The VADS is 
based on algorithms for integrated information 
processing (IIP) on the coordinates of objects 
within the aerodrome maneuvering zone. 

The basis of the A-SMGCS is algorithms for 
integrated information processing (IIP) on the 
coordinates of objects in the airfield maneuver-
ing zone. We will synthesize IIP algorithms us-
ing the Markov theory of random process esti-
mation (MTRPE) [4, 5]. 
 
Mathematical models of output signals 
from airfield surveillance systems. 
Formulation of the problem of 
synthesizing algorithms for integrated 
processing of ground traffic 
information at an airfield 
 

The need for mathematical models of the 
output signals of airfield surveillance systems 
inevitably arises when developing aerodrome 
surveillance systems based on MTRPE methods. 
The more accurately the models represent the 
actual processes occurring in the surveillance 
systems (AFSR, AMPSS, ADS-B, and VADS), 
the more effectively the integrated information 
processing (IIP) algorithms based on these mod-
els will operate. 

 
 

Fig. 1. Generalized structure of the A-SMGCS 
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The measured value of an object’s motion 
parameter at the output of a measuring device is 
often represented as [6] 

 
       ,и zz t z t t    (1) 

 
where  иz t  is the measured value of the pa-
rameter,  z t  is the true value of the parameter, 

 z t  is the measuring device error. 
The measuring device error generally has a 

constant (or slowly changing) component and a 
fluctuating component.  

The constant component is caused, for exam-
ple, by the systematic component of the measur-
ing device’s methodical error, as well as other 
factors. A characteristic feature of the constant 
(slowly changing) component of the measure-
ment error is its slow, usually monotonic, change 
over time. 

The fluctuation component is caused by in-
terference, instabilities in the measurement in-
strument, trajectory fluctuations of the observed 
object, etc. The fluctuation component of the 
parameter measurement error is unpredictable in 
both sign and magnitude. As studies [7–9] show, 
for the problem under consideration, the fluctua-
tion component can be described with a suffi-
cient degree of adequacy by a stationary Gaussi-
an random process with zero mathematical ex-
pectation and a correlation function of the form 

 
   2 ,R e  

    (2) 
 

where 2
  is the variance of the fluctuation com-

ponent of the measurement error;  is the fluc-
tuation spectrum width. 

According to (2), the fluctuation component 
of the measurement error can be described by a 
first-order stochastic differential equation 

 

        2
0 02 , ,z

z z z
d t

t n t t
dt    


          (3) 

 
where  n t  is the generating white Gaussian 
noise. 

Since the practical implementation of in-
formation processing algorithms in modern 
A-SMGCS systems is performed digitally, the sig-
nals, and consequently the errors at the meter’s 
output, must be represented as recurrence relations. 
Expressions (1) and (3) can be written as 

 
 ,иk k zkz z    (4) 

 
 1 1 0 0, ,zk zk k zk zf n            (5) 

 

where tf e 
  ;  2 21 f     ; kn  is 

a random Gaussian variable with zero mathemat-
ical expectation and unit variance; t is the sam-
pling step. 

Thus, the signal at the A-SMGCS meter’s 
output can be completely described by expres-
sions (4) and (5). 

As shown in Figure 1, the A-SMGCS meter-
ing system includes the following surveillance 
systems: AFSR, AMPSS, ADS-B, and VADS. 
These systems determine the coordinates of ob-
jects located within the airfield maneuvering 
zone [10–12]. Based on (4) and (5), we write 
expressions for the signals at the A-SMGCS me-
ter’s outputs: 

 

 ,i i
k k xkx x    (6) 

 
 1 1 0 0, ,i i i i i i i

xk x xk x k xk xf n            (7) 
 

 ,i i
k k yky y    (8) 

 
 1 1 0 0, ,i i i i i i i

yk y yk y k yk yf n            (9) 
 

where the index i = 1…4 determines the parame-
ter’s affiliation with a specific surveillance sys-
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tem (AFSR, AMPSS, ADS-B, and VADS, re-
spectively). 

The output signals of the surveillance sys-
tems are determined by expressions (6)–(9). To 
generate models describing the change in the 
true values of an object’s coordinates over time, 
it is necessary to set a hypothesis about the na-
ture of the object’s movement across the airfield 
maneuvering area. The object may move in a 
straight line (uniformly, with acceleration or de-
celeration) or along a curved trajectory. The ob-
ject’s movement patterns will vary. When con-
structing the A-SMGCS in this case, it is neces-
sary to take into account the object’s movement 
in specific airfield zones, including turns, 
U-turns, etc. An example of this approach to 
building an integrated information processing 
system is the Galaktika ATC surveillance data 
processing system, where an algorithm for esti-
mating the object’s coordinates is developed for 
each object’s movement pattern (uniform recti-
linear, accelerated rectilinear, or curvilinear). 
However, such an approach can hardly be con-
sidered productive. Furthermore, as shown 
in [13], when objects move, there are violations 
of the speed limit, violations of traffic patterns, 
non-observance of distance, etc. All this suggests 
that objectively there is a priori uncertainty 
about the nature of the movement of objects in 
the maneuvering area of the airfield. 

The publication [5] discusses a method for 
overcoming a priori uncertainty about the nature of 
object movement. By analogy with [5], in meas-
urement models (6), (8), we express the true coor-
dinate values in terms of the measured values 

 

 ,i i
k k xkx x   (10) 

 
 .i i

k k yky y   (11) 
 
Then the following equations are valid for 

the measurements at the output of any two sur-
veillance systems 

 
    1 1 0,i i i i

k xk k xkx x       (12) 

 

    1 1 0.i i i i
k yk k yky y        (13) 

 
Rearranging the elements in equations (12) 

and (13) and replacing 1 ,ji i
k k xkx x     

1 ji i
k k yky y   

 
we obtain 

 
 1,j i i

xk xkxk       (14) 
 

 1.j i i
yk ykyk       (15) 

 
Expressions (14) and (15) represent the dif-

ference between the measurements at the output 
of the surveillance systems, which for certainty 
we call the measurement difference (MD). 
In (14) and (15) j = 1, ..., L, where L is the max-
imum possible number of MDs. For the surveil-
lance systems under consideration L = 6, substi-
tuting (7) and (8) into (14) and (15), we obtain 
expressions for the MDs 

 
 

 1 1 1 1
1 1 1,j i i i i i i i i

x xk x k x xk x kxk f n f n           
        (16) 

 
 1 1 1 1

1 1 1.j i i i i i i i i
y yk y k y yk y kyk f n f n           

        (17) 
 
A key feature of the functional and structural 

design of surveillance systems is the mutual in-
dependence of the object’s coordinate measure-
ment channels. Therefore, it is advisable to syn-
thesize the IIP algorithms for one of the coordi-
nate measurement channels, for example, the x 

coordinate. For the y channel, the algorithm will 
be identical. To simplify notation, the “х” sub-
script is omitted. 

By analyzing expressions (6)–(9) and (16), (17) 
as applied to the problem of synthesizing IIP al-
gorithms based on the Markov theory of random 
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process estimation (MTRPE), we define the state 
vector whose components are subject to estima-
tion in the A-SMGCS: 

 

 
T1 2 3 4 .k k k k k      X  (18) 

 
The dynamics of the state vector is described 

by the equation: 
 

 1 XX X ,k k k  X Φ X G N  (19) 
 

where XXΦ  – the state matrix, the nonzero 
components of which have the form: 

 

   1
XX 1,1 ,f Φ    2

XX 2, 2 ,f Φ   
 

   3
XX 3,3 ,fΦ    4

XX 4, 4 ;fΦ  
 

XG  is the disturbance matrix, the nonzero 
components of which have the form: 

 

   1
X 1,1 ,G    2

X 2, 2 , G   
 

   3
X 3,3 , G    4

X 4, 4 ;G  
 

kN  is the disturbance vector, the compo-
nents of which are determined by expressions 
(7). 

The observation vector of the A-SMGCS is 
defined by expressions (16) 

 
 , 1,6.j

k k j   
 

Y   (20) 

 
The dynamics of the observation vector is 

described by the equation: 
 

 1 YX Y ,k k k  Y Φ X G W   (21) 
 

where YXΦ  is the observation matrix, the non-
zero components of which are of the form: 

 

   1
YX 1,1 ,fΦ    2

YX 1, 2 ,f Φ   

   1
YX 2,1 ,fΦ    3

YX 2,3 ,f Φ   

   1
YX 3,1 ,fΦ   

   4
YX 3, 4 ,f Φ    2

YX 4, 2 ,fΦ   

   3
YX 4,3 ,f Φ    2

YX 5, 2 ,fΦ   

   4
YX 5, 4 ,f Φ   

   3
YX 6,3 ,fΦ    4

YX 6, 4 ;f Φ  
 

YG is the measurement error matrix, the 
nonzero components of which are of the form: 

 

   1
Y 1,1 ,G    2

Y 1, 2 , G   

   1
Y 2,1 ,G    3

Y 2,3 , G   

   1
Y 3,1 ,G   

   4
Y 3, 4 , G    2

Y 4, 2 ,G   

   3
Y 4,3 , G    2

Y 5, 2 ,G   

   4
Y 5, 4 , G   

  3
Y 6,3 , G    4

Y 6, 4 ; G  
 

kW  is the measurement error vector. 
 
The task of synthesizing an optimal algo-

rithm for complex processing of information 
about the movement of objects in the airfield 
maneuvering zone is formulated as fol-
lows [14–17]: it is required to find the optimal 
estimate of the state vector *

kX , satisfying the 
criterion of minimum estimation error variance 

ED . We define the estimation error as: 
 

 * .k k k Ε X X    
 
Then the synthesis criterion is determined by 

the expression: 
 

 
*

E
ˆ

: min .k
X

X D   (22) 
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Algorithm for integrated processing of ground movement information  
at the airfield 
 

In accordance with the methodology described in [5], the following algorithm was obtained based 
on (18)–(22) IIP:  
 
 * * *

1 XX 1 1 YX ,k k k k k      X Φ X K Y Φ X   (23) 
 

 
1T T

1 XX YX XY YX YX YY ,k k k


         K Φ P Φ B Φ P Φ B   (24) 
 

 
TT T

1 XX XX XX 1 XX YX XY .k k k k          P Φ P Φ B K Φ P Φ B  (25) 
 

In the expressions presented T
XX X XB G G , 

T
XY X YB G G , T

YY Y Y.B G G  

The expression for *
kX  defines the structural 

diagram of the integrated A-SMGCS system, 
which is shown in Figure 2. 

The following designations are introduced in 
the structural diagram: MDU – measurement dif-
ferences unit; MRU – measurement residuals 
unit; CEU – coordinate estimation unit. Using 
the estimation of the state vector *

kX , the com-
ponents of which are measurement errors of the 
observation systems (18) using expres-
sions (10), (11), an estimate of the coordinates of 

the object in the airfield maneuvering zone is 
formed in the CEU. 
 
Procedure for detecting abnormal 
operation of the A-SMGCS 
 

A disadvantage of the developed IIP algo-
rithms is that their normal operation requires the 
surveillance systems to be functioning properly. 
However, in real-world conditions, situations 
often arise where surveillance systems operate 
abnormally due to failures, malfunctions, etc., 
caused, for example, by deteriorating interfer-
ence conditions. 

 
 

Fig. 2. Structural diagram of the A-SMGCS  
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A surveillance system failure is detected by 
its built-in control systems, after which the sys-
tem’s output data is not used in the A-SMGCS. 
In the event of a surveillance system malfunction 
that does not result in loss of functionality, the 
control system does not detect the failure, and 
the surveillance system’s output data is used in 
the A-SMGCS. This leads to an increase, possi-
bly significant, in the error in determining the 
object’s coordinates. Cases of complete suppres-
sion of the surveillance system by interference 
are possible, and consequently, the inability to 
use its output data in the A-SMGCS. Therefore, 
detecting abnormal operation of a surveillance 
system included in the A-SMGCS is a pressing 
task. For this purpose, the A-SMGCS should be 
supplemented with a procedure for detecting ab-
normal operation of systems. 

There are several possible approaches to de-
veloping a procedure for detecting malfunctions 
in a surveillance system [18–21]. Approaches 
involving the introduction of a random unknown 
vector kΞ , characterizing the structure and pa-
rameters of the system at each moment in time 
are presented in [20]. In this case, the equation 
of state (18) and observations (19) are dependent 
on the vector kΞ  changing at random moments 
in time. 

However, introducing the vector kΞ  necessi-
tates describing its dynamics over time, i.e., de-
veloping mathematical models that describe 
changes in the state of the surveillance system. 

The simplest and at the same time most pro-
ductive approach involves assessing the proper-
ties of the quadratic form of measurement resid-
uals. As shown in [5, 8], the quadratic form of 
measurement residuals can be represented by the 
expression: 

 

 
1T T

1 1 YX YX YY 1,k k k k


     Z Φ P Φ B Z  (26) 

 
where *

1 1 YXk k k    Z Y Φ X is the vector of 

measurement residuals, distributed according to 
the law 2

m  with m – degrees of freedom, pro-
vided that all surveillance systems are operating 

normally. In this case, the number m is equal to 
the dimension of the observation vector. 

Let an event 1kF  be a sign of the proper op-
eration of the entire set of information channels, 
then,    1 1 1 1 1 ,k k k kP F P a b q         
where 1ka   and 1kb   are the calculated q – per-
centage thresholds for the random number 1k  . 
Fulfillment of the condition  1 ,k a b    is a 
sign of the normal operation of the surveillance 
systems, while an abnormal mode is indicated by 
the condition  1 , .k a b   We can decom-
pose (26) and determine the quadratic forms of 
the measurement residuals for each surveillance 
system included in the A-SMGCS. Then, the 
quadratic form applicable to each surveillance 
system is denoted by 1

i
k  , and the conditions 

for normal and abnormal mode are denoted by 

 1 ,i i i
k a b    and  1 ,i i i

k a b   , respectively. 

We introduce the parameter   the value of 
which will be formed according to the rule 

 
 
 

1

1

0, , ,

1, , .

i i i
ki
i i i
k

a b

a b










  
 


  (27) 

 
Expression (27) defines the rule for detecting 

malfunctions in the surveillance system included 
in the A-SMGCS. 

In the CEU, the coordinate values of objects 
are estimated based on measurements using the 
expressions: 

 
  * * ,i i i i

k y k yky y     (28) 

 
  * * .i i i i

k x k xkx x     (29) 

 
The “х” and “y” indices of the parameter i  

in (28) and (29) reflect the assignment of the 
corresponding coordinate to the measurement 
channel. 

The structural diagram of the A-SMGCS, 
taking into account the procedure for detecting 
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an abnormal operating mode of the surveillance 
systems, is shown in Figure 3. 

Figure 3 shows that after detecting an ab-
normal operating mode of the A-SMGCS, name-
ly, one of the surveillance systems, the CEU 
generates a command to reconfigure the measur-
ing portion of the A-SMGCS. The output data 
from the surveillance system affected by inter-
ference or failure are excluded from integrated 
processing.  
 
Conclusion 
 

The resulting IIP algorithms, supplemented 
by a procedure for detecting abnormal operating 
conditions of airfield surveillance systems, make 
it possible to generate estimates of the coordi-
nates of objects in the airfield maneuvering zone 
and reconfigure the measuring portion of the 
A-SMGCS. 

To determine the resulting algorithms, it is 
advisable to refine the parameters of the mathe-
matical models of the surveillance system output 
signals based on statistical data on measurement 
errors and evaluate the potential and actual 
achievable performance characteristics of the IIP 
algorithms using mathematical modeling.  
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