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Abstract: The article presents a range of solutions
to improve the efficiency and accuracy of multiradar
data processing. For this purpose the method of cluster
analysis is proposed, basing on which, authors have
made an improvement to the classica algorithm of the
rejection of abnormal measurements and considered a
possibility for implementing a multithread processing of
radar data.

For paralleling the radar data processing, the method
of the separation of radar stations with the use of the
cluster analysis method is proposed. This leads to the
reduction of load on the computing power of radar
syssem and reduces the time required for data
processing.

On the basis of the developed program, the accuracy
of radar data processing has been improved by about
10 %. As a result, the new algorithm is able to work
under the regular occurrence of abnorma emissions and
does not require awhole set of measured data for correct
work.

Being compared to existing solutions, methods and
algorithms suggested by the authors support the current
trend towards multithreaded data processing and are
based on the new methods of intellectual analysis.

These solutions are assigned for the use in future
systems of collecting and processing the radar data.
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1. Introduction

The emergence of new types of aircraft, increasing
speeds and maneuverability makes improving the
efficiency of processing radar information and using
modern analysi s techniques the actual theme of R&D.

One of the modern methods of analysis is a cluster
method. It can be used to improve the efficiency and
accuracy of radar information processing.

Significant efficiency of radar data processing is
achieved by cluster method creating groups for paralle
processing of radar data streams in multiposition radar
systems.

Implementation of radar data processing from the
radar systems needs to create a centre for collecting and
processing radar information (CCPRI). At the same time,

there are high demands on the computing power of
CCPRI.

2. Parallelization of multiradar processing of
radar data

The parallelization of multiradar processing of radar
data facilitates problem solving and creates severd
advantages: independent data processing in each stream,
reducing the amounts of data.

The method of divison of data among threads

implies creating an array of input data II = (i ey
from a plurality of sources of radar data é: (S, S¢) -
This data stream is divided into groups by each source of
radar data and the array of sources is divided into
independent subarrays F =(fpeen )

Separating data is possible by a spatial sign. The
airspace is divided into zones in which radar data is
processed by cluster analysis based on the criterion of
minimum distance between objects.

The procedure for dividing into clusters looks as
follows.

There are coordinates (X, y) and the maximum
detection range Dy, for each source from pluraity S

Then the distance L between a pair of sources §
and S; equals

2 2

Ly =05 ) + (- wy)™ @)
Formation into groups F is performed by rule

I-ij<Dma>(i+Dma>(j'R!ST FZ’SjT Fz! (2)

where F, is z-group of radar data sources; Risa pre-set

strobe that characterizes the value of intersection of areas
with identified sources.

3. Improving the rejection algorithm

Using the method of cluster analysis for handling the
radar data in real time increases the accuracy of
multiradar data processing by regection of abnormal
measurements with regard to maximum permissible
Speed.
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This agorithm performs rejection of gross
measurement errors on the assumption that the speed of
the aircraft cannot exceed its maximum speed V. ,

which means that measure cannot be very different from
the previous one.

Let us compare the classical algorithm of
the rejection of abnormal measurements and the
algorithm with the use of the cluster analysis
method.

Let us consider the work of classical rejection
algorithm on the data sample coming from a three-
dimensional (3-D) radar. N is an input vector of data
measured with the parameters of a target: T, D, A, E,
where T is time of measurements, D is a distance to the
aircraft, A and E are azimuth and eevation angle of the
aircraft. Set H of measured data characterizes
rectangular coordinates Q (X, Y, Z) of the aircraft
location.

Thus, for the rejection of abnorma parameters
measured we need:
to calculate the speed of the aircraft between the
last point in the data sample obtained in rectangular
coordinates and current measuring:

\/(XN+1' Xn)? +(Yan - W)? +(Znsa- Zn)
TN+1' TN

VN = ()
check the vaue of calculated speed on
admissibility:

Vit £ Vinax » 4

if the condition is not fulfilled, the parameters of the
point are considered to be abnorma and the whole
vector is excluded from processing.

Under these conditions, the abnormal measurement
rejection agorithm with regard to maximum allowable
speed has following disadvantages:

1. Theagorithm isnot able to work under regular
occurrence of abnormal emissions.

2. To determine the speed of the aircraft, the
algorithm requires to use the set of measured data (T, D,
A, E) for determining the rectangular coordinate
Q (X, Y, Z) of theaircraft location.

3. Transforming polar coordinates to rectangular
causes information losses about the distortion of the
parameter.

4. Two valid parameters could be lost due to the
occurrence of one abnormal.

The method of cluster analysis does not have these
drawbacks.

With the hdp of the developed software, the results
of the work of the classical rgection algorithm (Fig. 1)
and the regjection algorithm using the cluster analysis
(Fig. 2) have been obtained.

The number of jumps is determined depending on
value of elevation angle during chosen time of analysis.

Fig. 1. Results of work of classical rejection algorithm.

Fig. 2. Results of work of rejection algorithmusing
the cluster analysis.

Basing on the fact that each parameter is
determined by an individual radar measuring
channel, let us apply the cluster analysis to each
parameter separately.

Metrics selection is based on the principle of using a
priori data on physical characteristics of the aircraft,
namely, the speed change of the aircraft over the given
period of time is limited. Therefore, the changes of the
measured parameters are also limited and they should
vary smoothly and without abrupt emissions.

For each current parameter value, its incluson in
one of the current clugers is considered using the
proposed mechanism for cluster replenishment and data
removal. If the jumps of measured parameters take place
and they cannot be included into any existing cluster due
to their not falling under the relevant conditions, the
decision is made to create a new cluster, in which the
current parameter isincluded.

Since only the fullest cluster is intended for
processing, occasional jumps of parameters are not taken
into consideration.
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Maximum speed of measuring the azimuth and
elevation angle depends on maximum possible radial
velocity of the aircraft at ameasured distance.

.Y 0
Vamax =VEmax = arcsmg_Amax - ®)
7]

Clusters are reviewed by turns in descending order
of time of recording data into the cluster according to the
requirement:

K
Tcur - TN £Tdif ) (6)

where Ty IS maximum time difference between the last

parameter and the current parameter. The vaue of time is
determined by the tacticd and technical characteridtics of the
aircraft, and the rate of measurement is given at the planning
stage; T, IS time of the current parameter of the aroraft;

T% is time of the lag parameter recorded in the K-th

duger; K is the number of the cluster; N is the number of
parametersrecorded in duster K.

Depending on the number of parameters recorded in
the cluster, the approximation of the parameter by
polynomial P(t) at current time—tg, is performed

Tat? +bt +c, whenN 3 4:1
i
P(tey) =i at+b, when2EN <4 y. ©)

} P(t;), whenN =1 IID

The discrepancy in the rate of change of the
parameter is determined by formula

:W)iPA - I:’(tcur )|
&, -TRO
8 cur N g
where W is a weight coefficient which is determined
according to the number of parameters recorded in the
cluster.

DV )

| 10, whenN3 10 i
W={ 3
I N, whenl£ N £ 100

The found discrepancy in speed is compared with
the maximum speed for a given parameter

DV £ Vp i -

(9)

(10)

Under this condition, the measured parameter is
included in the current cluster, otherwise next cluster is
checked. If no suitable cluster exists, new cluster for this
parameter is created.

The measurements from the cluster with the largest
number of parameters are taken for processing.

This method will be more resistant to the accidental
appearance of regular jumps.

For the considered case, the algorithm using cluster
analysis was more effective than that without it by about
10 %.

Further increasing of efficiency is possible by the
improvement of the algorithm of radar data processing.

The developed program enables radar data
processing with the pace of survey of about 10 seconds
per 200 targets from 64 radars.

4. Conclusions

Cluse andyss method dlows the dgnificant
improvement of the efficiency and accuracy of processing
radar information by the implementation of threading of data
processing and theimproved agorithm of rgection.
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BUKOPUCTAHHS KJACTEPHOI'O
METOY AHAJII3Y
JIISA NIABUIIEHHS EOEKTUBHOCTI
TA TOYHOCTI OIIPAITFOBAHHS
PAJIOJIOKAIIMHOI IH® OPMAIII

IBan Kapnamesud, Bonogumup Ipasaa

3anpornoHOBaHO HU3KY BUPIIICHb IPOOIEMH HEJOCTATHBOI
e(eKTHBHOCTI Ta TOYHOCTI MYJIBTUPAJAPHOTO ONPALFOBAHHS
panionokaniitHoi iHdopmarii. s 1BOro  3amporoHOBaHO
BUKOPHUCTOBYBATH KJIAaCTCPHUI METOJl aHali3y, Ha OCHOBI
SKOr0 aBTOPU TOKpAIWIA KIACHYHHII alrOpUTM BinOpaKyBaHHs
aHOMAaJIbHUX BHUMIpIOBaHb Ta PO3IVIIHYIIN MOMJIMBICTb MYJIBTH-
MIOTOYHOr'O ONPALFOBAHHS pajlioyoKaliiHoi iHpopmaii.

Jlnst po3napaneltoBaHHs ONpPALIOBAaHHS 3allPOINOHOBAHO
METOJl PO3AUICHHS paJiONOKAIlfHIX CTaHLId Ha Tpymu 3a
JIOIIOMOTr'OI0 METOJY KJIacTepHoro aHanisy. Lle, cBoeto geproto,
MPHU3BOJUTH 10 MEHIIOrO HAaBaHTAXEHHS Ha OOYMCIIIOBAJIBHI
MOTY)KHOCTI PajioNoKaliiHOI CHCTeMHM Ta 3MEHIIye dac,
HEeoOXiJHUI Ha ONpaIIOBAaHHS JJAHUX.

3a  0mOMOror0  po3poOieHoi HporpaMm  OTPHUMAaHO
migBuIeHHS ToyHOocTi Omm3pko 10 %. V pesynbrari HoBuid
JITOPUTM 3[aTEH MPALOBaTH B YMOBAX IOSBH PETYISPHUX
aHOMAaJIbHUX BUKMIB, Ul KOPEKTHOI poboTH He mnorpedye
[IOBHOT'O BEKTOPY BUMipIOBaHOi iH(opMalyi.

IMopiBHAHO 3 yXe HAsBHUMM DIIICHHSIMH, METOIM Ta
ITOPUTMH, IO IX 3alpONOHYBAJIM aBTOPH, MIiATPUMYIOThH
Cy4JacHi TEHJCHLII 0 MYyJIbTUIIOTOYHOr'O ONPALOBAHHA AaHUX
Ta CIUPAIOTHCS HA HOBI METO/M IHTEIIEKTYaJIbHOTO aHAIIi3y.

INonmani pilmeHHs Npu3HaueHi 118 BUKOPHCTAHHS B
MIEPCIICKTUBHUX CHCTEMax 300py il ompamroBaHHS paiioioKa-
uiiiHoi indopmanii.
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