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ASSESSMENT OF THE QUALITY OF INFORMATION SUPPORT
BY AIR RADAR SURVEILLANCE SYSTEMS

Abstract. The paper pays attention to the consideration of the structure of user's information support of the airspace
control system at the stage of primary information processing by the joined radar system. This system includes a primary
and identification surveillance system, which allows considering the overall structure as a single synchronous network of
surveillance information systems. Such a structure can be characterized by an overall integrated quality indicator of the
information support of the airspace control system. Such a quality indicator can be the probability of information support,
which is the product of the probabilities of correct detection of an air object by the primary radar and identification system
on the basis of "friend-foe" and the probability of comparing the coordinate information of primary radar systems and
identification systems. This approach allows changing the model of combining information for primary radar systems and
identification systems so as to take into account the estimated coordinates of the air object by both information systems due
to the weight combination of coordinates of air objects. The calculation of the coordinates of air objects according to the
information of the primary radar systems and identification systems allows improving the quality of information support for
decision makers in the air traffic control system.
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Introduction

Problem statement and analysis of the
literature. Primary [1, 2] and secondary (identification)
[3, 4] radar surveillance systems (SS) are the basis for
information support of the airspace control system. The
first determines the spatial coordinates of the air object,
and the second determines the state affiliation of the
detected air object. These two radar systems form the
basis of information support for decision-makers in the
airspace control system. For this purpose, according to
the information of the considered radar surveillance
systems, the logbook of the air object is drawn up,
which contains the coordinates of the detected air object
and the sign "Own - alien™.

Therefore, the form of air objects is formed by
comparing the spatial coordinates calculated by the
primary and secondary radar systems. The combination
of information is carried out automatically and based on
the comparison of the coordinates of air objects,
calculated from the information of the primary radar
systems and identification systems. Coordinates in the
considered information systems are calculated on the
basis of processing of a pack of the received signals by
each radar system considered. When the coordinates of
air objects, calculated according to the primary radar
systems and identification systems, taking into account
the resolutions of these surveillance systems, the
affiliation "Own" is entered in the logbook of the air
object. If there are no response signals on the
identification system, the aerial object the affiliation
"Alien" is entered to the logbook. At the same time,
only the coordinates of the air object calculated
according to the data of the primary radar system are
entered to the logbook of the air object, regardless of
what will be the sign of the air objects "Own or alien.”
This reduces the quality of these aerial objects with the
"Own" sign, which is issued to decision makers. Indeed,
the coordinates of air objects calculated from
identification systems are more accurate and would

improve the quality of information on the basis of
"Own" air objects with a weight combination of
information obtained by the radar surveillance systems
under consideration. This would increase the likelihood
of information being provided to decision makers in the
airspace control system.

A sufficient number of scientific papers are devoted
to the issue of combining information from joint radar
surveillance systems. Thus, in [5], the combination of
data for several sensors of surveillance systems in air
traffic control is studied and it is shown that the creation
of an excess of information allows improving the
accuracy of tracking air objects and resistance to sensor
errors.

[6-12] describes a set of algorithms combining
primary radar information and identification system
information. Pre-processing algorithms are described,
which are used to remove false radar targets and
preliminary processing of data of identification systems
is given. Algorithms of combination of coordinates of
air object are described, including alignment of
coordinates of air objects obtained from various sensors,
correlation between contacts, initiation of tracks,
updating of tracks and processing of hypotheses of
tracks. Various aspects of combination of information of
considered information systems are considered and it is
shown that during data merging it is possible to improve
data quality due to weight combination of coordinate
information of primary radar and identification systems
and it is shown that accurate identification of air objects
cannot be obtained when the identification system is
used separately. The content of this article focuses on
the algorithm for combining data from a network of
radar surveillance systems, and the Bayesian network is
considered as a merging algorithm.

The purpose of the work is to assess the quality
of information support for consumers by surveillance
radar systems for observing airspace with a combination
of information from primary and identification radar
systems.
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Research results

Structure of information pooling of surveillance
radar systems. Let us consider the structure of
information support of users at the stage of initial
processing of information by combined radar system,
which includes primary and identification systems of
observation. The Air Object (AO) Logbook provided to
decision makers should include: spatial coordinates of
the AO; information on the identification of AO on the
basis of "own-alien".

It should be noted that the leader is the primary SS,
the coordinate information of which is embedded in the
logbook of AO. The calculation of AO coordinate
information by identification systems is required only
for the combination of information of primary and
interrogative SS, which significantly reduces the
information capabilities of interrogative SS and, as a
consequence, reduces the quality of information support
to users.

Automatic  calculation of AO coordinate
information by compatible SS processing channels and
formation of AO logbook is performed at the stage of
primary information processing. Thus, the information
processing structure includes a single signal detector,
from the output of which a sequence of random zeros
and ones is removed. The optimal signal detection
threshold is selected, usually according to the Neumann-
Pearson test. Thus, the detection of signals is carried out
according to the required quality indicators, ie a fixed
probability of false alarm Fg;, and the probability of

correct detection Dg;. In this case, the signal is

quantized at two levels (binary quantization), which
allows a direct synthesis of algorithms and decision
rules for processing digital binary-quantized signals.

The sequence of zeros and ones from the output of
the signal detector of each information system is
temporally sampled and then goes to the inputs of the
detector and the AO coordinate meter. The task of the
AO detector is to decide in an optimal way whether the
received sample is a bundle of signals or it refers to the
interference based on the analysis of the obtained
sequence of zeros and ones.

To solve the formulated problem, the AO detector
must process the incoming signals according to some
algorithm. The algorithm for detecting AQ is reduced to
testing the hypothesis H,, of the absence of AO against

an alternative hypothesis H,; of its existence, ie to form

a plausibility relationship and compare this relationship
with some predetermined number, which is chosen
based on the allowable probability of false detection.
The decision to detect AO with quality indicators Fy;

and D;; comes to the AO coordinate meter. Estimation

of the coordinates of the instantaneous position of the
AO is done simultaneously with the detection of the
AO. The task of the AO coordinate meter is to optimally
estimate the spatial coordinates of the AO based on the
analysis of the obtained sequence of zeros and ones.

To solve the formulated problem, the AO
coordinate meter must also process the incoming signals

according to some algorithm. The optimal algorithm for
measuring coordinates is synthesized, as a rule, by the
criterion of maximum likelihood. The type of likelihood
function depends on the statistical characteristics of the
signals and interference, the shape of the antenna
system pattern, as well as the method of scanning the SS
antenna during the measurement process. Thus, when
generating AO detection signals from the output of the
AO coordinate meter of each channel of a compatible
radar surveillance system, an estimate of the coordinate

measurement vector ¢ is issued, which is characterized

by a correlation matrix of errors ct [11-13].

Based on the above, the information will be
provided with partial indicators of the quality of
information support will be the quality of the
assessment of the coordinates of the observed air objects
and the probability of correct detection of AO by each
radar channel under consideration.

2. Evaluation of the quality of information
combination of radar surveillance systems. Primary
radar and identification systems of airspace control, as a
rule, are placed on a single platform and carry out
synchronous inspection of space. This allows to consider
them as a common synchronous network of surveillance
systems. Currently, to compile the logbook of the air
object in each SS channel must be carried out [11]:

- detection and measurement of signal parameters
(signal processing);

- detection and measurement of AO coordinates
(primary information processing).

As shown in [12-14], an integral indicator of the
quality of information support of the airspace control
system can be the probability of information support,
which, for the general case, can be written as follows

Pt = Dpr -Dipr -P

por

where Dpg - the probability of correct detection of AO
by the primary radar , D gr - the probability of correct
detection of AO by IFF system, Py, - probability of

comparison of coordinate information of primary radar
systems and identification systems.

The probability of comparing the coordinate
information of the primary radar systems and
identification systems P, acts as the probability of

combining the information of the considered
information systems.

Further we will consider the issue of combining
information without taking into account the information
transmitted in the channel of identification systems.

The probability of correct detection of AO by each

surveillance system P, =Dy;(i=12) P, =Dy, is a
function

Dyi = f(Doi, Foi» Po) = f(aoi. 2i» Ci . Po),
where z3(C) - analog (digital) signal detection

threshold (AO), g - signal-to-noise ratio in the
information processing channel, Py - the relative
capacity of the aircraft responder, which is characteristic
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of identification systems, Fg; = f(zq;) - probability of
false alarm.

The relative bandwidth of the IFF aircraft response
systems can be written as

Po = f41, 42, 20,1 k; ), ©)

where 4, - the intensity of the flow of request signals,

which includes the flow of the considered requester, the
flow of neighboring interrogators (intra-system
interference) and the flow of correlated interference of
the interested party; A,- the intensity of the flow of

request signals that cause the operation of the circuit
suppression of the side lobes; Aq- the intensity of

chaotic impulse interference in the request channel;
t, —the time of paralysis of the aircraft responder when

servicing the request signal; k, — the maximum load

coefficient of the aircraft responder.

Due to the synchronicity of the primary radar
systems and identification systems, it is possible to
replace the processing at the level of detection and
measurement of AO coordinates with a centralized
one.

In this case, the structure of information
processing must have in each channel a detector of
individual signals, from the output of which is removed
a sequence of random zeros and ones. The optimal
detection threshold of these signals is selected according
to the selected criterion.

Thus, the signal is detected by the required quality
indicators, i.e. Fgj, Dg;.

Thus, when forming a decision on the detection of
an air object from the output of the coordinate meter of
the primary radar systems and identification systems, an

estimate of the coordinate measurement vector «a is
issued, which is characterized by a correlation matrix of

measurement accuracy C L.
In the information processing device, measurement

estimates based on measurement vectors &p and a

correlation matrix of measurement accuracy Cgl of

each information system are combined, as a result of
which the outgoing measurement vector and the
correlation matrix of accuracy are calculated. In the

future, the outgoing measurement vector oc:p and the

correlation accuracy matrix (751 are provided to the

users.

The algorithm for combining information in the
processing device is built, as a rule, so that the single
marks of the channels of a compatible radar system are
combined, if the azimuth angle between the centers of
the packets does not exceed AS, and the difference in

their distances is Ar.

In this case, given that the deviations of the packet
centers in the primary and secondary radars are
independent and subject to normal distribution, the

probability of combining information packets can be
determined from the following ratio

Poor = %[nq:(m/(ﬁmmx
X[HCD(N/(\/Emm’

where o g,0 g2,0¢1,0¢7 - root mean square deviations

of azimuths (ranges) of primary radar packet centers and
identification system.

3. Analysis of information support structure for
information processing of surveillance radar
systems. We estimate the probability of information
support of consumers of the airspace control system for
the considered model of combination of information of
primary radar systems and identification systems as a
function

Por = (k. 0, Po),
where k=0qp,/d;, g, — signal-to-noise ratio in the
channel of the identification system, ¢, — signal-to-

noise ratio in the channel of primary radar systems,
taking into account both the detection and measurement
of AO coordinates.

Detection of the air object and measurement of its
coordinates will be carried out on the basis of the
analysis of all pack of the received signal data of
primary radar systems and identification systems. The
digital detection threshold of the air object was equal to
half the packet of received signals. The results of the
calculation are shown in Fig. 1, 2. Calculations are
obtained with the probability of false alarm detection of

an air object that is F=10"3. In this case, the
continuous curve corresponds to the probability of
information support for the existing model and method
of combining information.

Other dependences are obtained for the proposed
variant of combining information for different
coefficients of readiness of the aircraft responder and
signal-to-noise ratios in the information processing
channels of primary radar systems and identification
systems.
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Fig. 1. Dependence R¢ = f (k =0.6,0,R))

The calculations of the probability of information
support of decision makers in the airspace use control
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system presented in Fig. 1 show that for the signal-to-
noise ratio of the primary radar and identification
systems which is 0.6 while q=2.3 the probability of

information support for the existing model is only 0,05.
At that time, for the proposed model, the

probability of information support is 0.8 for Py =0,8;
0,88 for Py =0,9 and 0,92 for Py =1

Ping

| k=0.8

5 14 23 32 41 5

Fig. 2. Dependence Py = f (k =0.8,0,P)

The calculations of the probability of information
support of decision makers in the airspace use control
system presented in Fig. 2 show that the signal / noise
ratio of the primary radar and identification systems is
0.8, while gq=2.3 the probability of information

support for the existing model is only 0.45.

At that time, for the proposed model, the
probability of information support is also 0.8 for
Py, =0,8;0,88 for Py =0,9 and 0,92 for Py =1.

Conclusions

It is proved that changing the model of combining
information of primary radar systems and identification
systems which takes into account the estimated
coordinates of the air object by the identification system
due to the weight combination of coordinates of air
objects calculated on the information of both primary
radar systems and identification systems allows to
improve quality.

Information services for decision-makers in the
airspace use control system.

These calculations allow us to draw the following
conclusions:

- the use of the proposed data processing of
airspace surveillance systems, taking into account
the possibility of using the equivalence of the fact of
detection of an air object by the primary radar
system and identification system is more appropriate
than the existing model of information support of
airspace use control system. information issued to
the consumer;

- with the distributed processing of information of
airspace surveillance systems decreases the impact of
the coefficient of readiness of the aircraft respondent
identification system quality of customer service.
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Ouinka sikocTi iHopmaniiiHoro 3aée3neyeHHs paaiookauiiHUMI cUCTeMaMu
criocTepe;KeHHs1 NOBITPSHOIO MPOCTOPY

B. A. Augpycesny, 1. 1. O6on

AHoTanmisi. Y poOOTi NpHUIIEHO yBary po3risiay CTPYKTYpH iH(popMamiifHOTO 3a0e3ledeHHs KOPUCTYBadiB
CHUCTEMH KOHTPOJIO IOBITPSHOTO IPOCTOPY Ha eTami NnepBHHHOI 0OpoOku iHpopmanii CyMimIeHOIO pamiooKaniiHOI0
cuctemoro. Ll cucrema BKiIOYae MEpBUHHY Ta iNeHTH(IKaiifHy CHCTEMH CHOCTEpPEXKEHHs, IO JO3BOJSIE PO3TIAATH
3arajbHy CTPYKTYPY, SIK €IUHY CHHXPOHHY Mepexy iH(QOpMaliHHHX CHUCTEM CIIOCTEepeXeHHs. Taka CTpyKTypa MoOXe
XapaKTepHU3yBaTHCS 3arajJbHUM IHTErPalbHUM IMOKa3HHUKOM SIKOCTi iH(OpMamiifHOTO 3a0e3MedeHHs CHCTEMH KOHTPOIIO
MOBITPSHOTO MpOocTOpy. TakuM MOKa3HUKOM SIKOCTI MoOKe OyTH IMOBipHICTH iH(GOpMaLiifHOTO 3a0e3MedYeHHs, AKa €
n0OyTKOM 1MOBIpHOCTEH MpPaBHJIBHOTO BHUSABIEHHS IOBITPSHOTO O0’€KTYy NEPBHHHUM pPaaioJOKaTOPOM 1 CHCTEMOIO
imeHTHQIKamii 3a O3HAKOI «CBiH-4yXui» Ta IMOBIPHOCTI TOpPIBHAHHA KOOPAMHATHOI iH(opMamii MTepBUHHUX
paniosioKamiifHUX CUCTeM i imeHTHdiKamiiHux cucteM. Takuil miaAXia JO3BOJIAE€ 3MIHHUTH MOJC]b MOEAHAHHS iHQOpMaIii
MEPBUHHUX PAJiONOKAIIHHAX CHCTEM Ta IiACHTH(IKAMIHHUX CHCTEM Tak, MO00 BPaxOBYBaTH OIIHCHI KOOPJAMHATH
MOBITpsiHOrO 00'ekTa oOoMa iHPOpPMALIMHUMH CHCTEMaMM 3a PaxyHOK BaroBOT'O INOETHAHHS KOOPAMHAT IMOBITPSHUX
00'exTiB. P0O3paxyHOK KOOpAMHAT MOBITPSHMX 00'€KTiB 3a iHpOpPMaLicl0 NEepBUHHHUX pPAJiONOKAliHUX CHCTEM Ta
iIeHTUIKAMITHIX CUCTEM J03BOJISE€ MIABUIINTH AKICTh iHPOpMalmiiiHOro 3abe3nedeHHs oci0, SKi MPUIMAIOTh pilIeHHS B
CHCTEMi KOHTPOJO BUKOPUCTAHHS MOBITPSIHOTO MPOCTOPY.

KnaouoBi cioBa: cucTtemMa KOHTPONIO MHOBITPSHOTO TPOCTOPY; IEPBHHHI Ta BTOPHHHI paioioOKaliifHI CHCTEMH
CIIOCTEPEIKEHHSI; OLiHKA SKOCTI iHpOpMaLiHHOro 3a0e3neYeHHs; IHTerpalbHUI MTOKa3HUK SIKOCTI 00poOkH iHdopMmarii; kpurepiit
Heiimana-Ilipcona.

OneHka kayecTBa HH(YOPMALMOHHOI0 00ecIeYeHHsI PAJU0JI0KALIMOHHBIMU CHCTEMaMH
Ha0/II0eHHs BO3IYIHOI0 MPOCTPAHCTBA

B. A. Anapycesuy, U. 1. O6ox

AHHoOoTanusi. B pabore yaeneHo BHHMaHHE pPACCMOTPEHHUIO CTPYKTYPbl HH(OPMAIMOHHOrO oOOecHedeHHs
HOJIb30BaTEe CHCTEMBl KOHTPOJISI BO3AYLIHOTO MPOCTPAHCTBA Ha JTane IepBUYHON 00paboTku uHpOpManuu
COBMEILICHHOI paJiMOJIOKAIIMOHHON CcHCTEeMOH. DTa CHUCTeMa BKJIIOYACT IMEPBUYHYIO M HICHTU(GUKAMOHHYIO CHCTEMBI
HaOJI0/ICHNs], IO3BOJISIET PacCMaTpPUBATh OOIIYI0 CTPYKTYDPY, KaK €IMHYI0O CHHXPOHHYIO CeTh HH(POPMALMOHHBIX CHCTEM
HabmioneHnsi. Takas CTPYKTypa MOXET XapaKTepH30BaThCS OOMMM HHTETpPaJbHBIM [OKa3aTeleM KadecTBa
HHPOPMAIMOHHOTO 00eCHeueHHs] CHCTEMBI KOHTPOJIS BO3IyINIHOTO NPOCTPAHCTBA. TakMM MOKa3aTeleM KadecTBa MOXKET
OBITH BEPOSTHOCTh HH()OPMAIOHHOTO OOeCHedeHHs, KOTopas SBISIETCS MPOU3BEICHHEM BEPOSTHOCTEH NPaBHILHOTO
0oOHapyXeHHUsI BO3JYIIHOTO O00BEKTa MEPBHYHBIM PATHOIOKATOPOM M CHCTEMOH HACHTH(UKAIUH IO TPHU3HAKY «CBOH-
4y)X0i» M BEPOSTHOCTH CpPaBHEHHsS KOOPAMHATHON HWHPOpPMAlUU MNEPBUYHBIX PaAMOJIOKAIMOHHBIX CHCTEM U
UICHTU(QHUKAIMOHHBIX cHcTeM. Takoil MoAXoA TMO3BONSET HM3MEHHUTh MOJENb OObeAMHEHUs HHPOPMALUU MEPBUYHBIX
PaAMONIOKAIIMOHHBIX CHCTEM U HICHTH(UKAIMOHHBIX CHUCTEM TaK, YTOOBl YYHMTHIBATh OLCHKM KOOPIWHAT BO3AYLIHOTO
00bekTa 00eMMH HHPOPMALMOHHBIMU CUCTEMaMH 33 CYET BECOBOTO COYETAaHME KOOPJIMHAT BO3JIYLIHBIX 00beKkTOB. Pacuer
KOOpAHMHAT BO3AYIIHBIX OOBEKTOB 10 MH(OPMAIUHM INEPBUYHBIX PAAMOJIOKAIIMOHHBIX CHCTEM U HACHTH()UKAIMOHHBIX
CHUCTEM I03BOJSIET IOBBICHUTH KadyeCTBO WH(YOPMALMOHHOTO OOECIEeUeHHs JHI[, NPUHUMAIOIIUX DENICHHS B CHCTEME
KOHTPOJIS UCIOJIb30BAHUS BO3AYIIHOIO IPOCTPAHCTBA.

KiroueBble c10Ba: cucreMa KOHTPOJS BO3IYIIHOTO MPOCTPAHCTBA; MEPBUYHBIE U BTOPUYHBIE PaJHOJIOKAIIMOHHBIE
CHCTEMB! HAOJIOJEHUS; OLEHKA KadecTBa MH(POPMAIHMOHHOTO OOECICUECHUs; MHTETPAIBHBIA ITOKa3aTelb KadecTBa 0O0pabOTKH
nupopmarmy; kpurepuit Hetimana-ITupcona.
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