OopoodKa inopmauii 6 CKIAOHUX MEXHIYHUX CUCEeMAX

YK 004.045:621.396.967.2

LI. O60x, O.O. Crpenpuuupkuid, I'.E. 3aBonoasko, B.A. AuapyceBuu

Xapxiscokul HAYIoHATbHUL YHIBepcumem padioeleKmpoHiku, XapKie

ONTUMI3ALIA OBPOBKU OAHUX
B MEPEXXAX CUCTEM CMNOCTEPEXEHHSA NOBITPAHOIO NMPOCTOPY

Y ecmammi na ocnosi posensady npoyedyp, Kompi UKOHYIOMbCA HA emanax oOpoOKu OaHUX Cucmem Cnocme-
PEdICeHHsT NOGIMPAHO20 NPOCMOPY,NOKA3AHO, WO ONMUMIZY6AMU GUAGIEHHS A GUMID KOOPOUHAM NOGIMPSIHUX
00’ €KMI8 MONCIUBO MINbKU NPU PO3NOOLIEHI 00pobYi IHopMayil 6 Mepedicax cucmem CNOCMEPEdNCeH s, a GeUYU-
HA aHAN0208020 NOPO2Y BUABILEHHS CUSHATNIE BUKOPUCTNOBYEMbBCS 8 AKOCMI NApAMempy npu CYMICHIt onmumizayii

00pO6KU OAHUX CROCMEPENCEHHSL.

Knrwowuosi cnosa: onmumizayis 06po6Ku OaHUX, CUCEMU CROCMEPEICEH S, NOGIMPsIHI 06 cKmu.

BecTtyn

IMocTtanoBKka mpoOieMu Ta aHaJdI3 JiTepaTypu.
OcCoO0JIUBICTIO CHCTEMH KOHTPOJIIO TMOBITPSHOIO IMPOC-
topy (IIII) VYkpainm € i UUBIIBHO-BIMCHKOBHWI CTa-
tyc[1]. Cucrema B 3HauHil Mipi 3a0e3mneuye Oe3reKy
Jiep>)KaBu Ta Oe3IeKy MOBITPSHOTO PyXy, IO BXKE camo
1o co0i BU3HAa4Ya€e piBEHb BUMOT J0 3aXHIIEHOCTI iH(O-
pMauiiiHux npoueciB i pyHkuioHyBaHHsA. OCHOBHI
eneMeHTH npouenypu Koutpodro [T - anainiz noBiTps-
HOI OOCTaHOBKM W MPUIHHATTA pimieHsb [2, 3]. PimenHs
npuiiMae ocobda Ha OCHOBI aHaJi3y BiJIIOBITHUM YHHOM
MiATOTOBIIEHOT iH(pOpMAIIil PO CTaH MOBITPsIHOTI 00CTa-
HOBKU. [lpaBwibHe pimeHHS MoXe OyTH TpPUHHATO
JIMIIE TOJ, KOJIM € JOCUTH TIOBHA, TOYHA, JIOCTOBIpHA i
OesrnepepBHa iH(OpMalis PO MOBITPSHY 0OCTAaHOBKY B
30Hi yIPaBJIiHHS.

OTmxKe, SIKICTh TPUAHATTS pillleHb BU3HAYAIOTHCS
SKiCTIO U ckianoM iHdopmaii, Ha OCHOBI 5IKOi ocoba
npuiiMae pinieHHs. [CHyIO4i aBTOMAaTH30BaHiI CHCTEMH
00po6ku iHpopmarii (ACOI) [1] mobynoBaHi Ha MpuH-
IUII €TamHOCTI OOpOOKHW iH(OpMaIii, M0 YTpyIHSE
peaizaiito CyMiCHOI ONTHUMI3alliil K BUABJICHHS CHUTHA-
niB, noBiTpstanx 00’ekriB (I10), Tpac I1O, Tak i BUMipy
crany I10. e BUHHKAE 1 3 I[LOTO, 10 MATPHIII TOYHOCTI
BUMIpY HE NepealoThCs MiX IPUCTPOSIMU €TarriB o0po-
Oxu iH}popmaii.

MeTta podoru. OnTumisariisi BUSIBICHHS Ta BUMIPY
KOOpJIMHAT TOBITPSIHUX 00’€KTIB B MEPEXI CHCTEM CIIO-
CTEPEXKEHHS TOBITPSHOTO IIPOCTOPY.

OcHOBHa YacTuHa

VY meil yac B aBTOMaTH30BaHUX CHCTEMaX CHUCTEMH
KoHTponto BukopucranHs III1 OCHOBHHM JpKepenoM
JTUHAMIYHOI iH(opMalii mpo MOBITPSHY OOCTaHOBKY €
CHCTEMH CIIOCTEpEXEHHs, 00poOKa iHpopMarlii sIkux i €
OCHOBOIO JUTSl TIPUUAHATTS pimeHs. [Iponec 30upanHs Ta
00poOKku iH(pOpMaIlii 3 pokaMu Bce B OLIbIIIN Mipi aB-
TOMAaTH3YIOThCSl. BHKOPUCTOBYETHCSI BENTMKA KiNBbKICTh
PI3HOMaHITHHX TEXHIYHHX Ta HPOrPaMHO-TEXHIYHHX

3aco0iB. BHpoBa/pKyIOThCS aBTOMATH30BaHI CHCTEMH
MATPUMKH MIPUHHATTS PillIeHb.

3aJIe)KHO BiJl CTYIEHS [IEHTpai3allii cucTeMu o0po-
Ok maHux Mepexi cucteM crocrepeskenns (CC) mo-
KYTb OYTH pO3JIiJIEHI Ha J(Ba KJIacH:

» 3 pO3MOIiJIEHOI0 00POOKOIO JaHHX;

» 3 IIEHTPAJTi30BaHOK0 00POOKOI0 JaHHX.

VY Mepexkax 3 po3NOAIICHOI0 00pOOKOI Ha KOXK-
Hiit CC ¢ EOM, mo BukoHye (YHKII CympoBOAy 3a
nannmu 1ieiCC. OtpumaHi TpaekTopii nepeaarThes B
LEHTp OOpOoOKM HaHUX,B SKOMY (QOPMYETHCS €IUHA
TpaexTopis pyxy koxnoro [10.

Jlst neHTpasnizoBaHOi apXiTEKTypH XapaKTepHE
BUKOPHCTaHHS €IMHOIO Tpollecopa JaHWX, B SIKUH 3
kokHOT CC HamxomsTh TO3HAYKH, a HE TPAEKTOPIi.
[Ticnst 00poOKM UX BUMIPIB TAKOXK (OPMYETHCS €IUHA
TpaexTopis ast koxkHoro I10 [4, 5].

Crij 3ayBayKUTH, 1110 peatizallisi po3MoiIeHol apxi-
TEKTYpH MOB’sI3aHA 3 MEHIIUMHU TEXHIYHUMH 3aa4aMu.
Ile 00yMOBIIEHO THM, III0 B PO3TOALICHOI CHCTEMI JIUIIIC
00'eHyIOTBCs TIporiecopu aaHux okpemux CC, a mpu
CTBOPEHHI LIEHTPAJI30BaHOI APXITEKTypHU OBOJUTHCS
3aHOBO KOHCTPYIOBAaTH BCIO CUCTEMY.

Kpim Toro, npu neHTpainizoBaHiii apxiTekTypi OiIbII
BHCOKI BHMMOTH TP 'SIBISIIOTBCS A0 JIiHIH mnepenadi
JIAaHUX, TOMY IIO MO HHUX MepeNacThcst iHPOpMAIisl sK
PO CHpaByKHi, Tak i npo xuobHi [10 (mpu po3noxineHii
apXITEKTypi MEPEnaroThCs TIIBKU CIPaBXHI TPAEKTO-
pii). OnHak y LEHTpai30BaHMX CHCTEMax IIBUIKICTH
OTPUMAHHS BIIMITOK BHIIE 1, OTXKE, BHIIE TOYHICTH
cynposony I10.

B inpopmaniitnnx CC mae Micie KopcTKa Hociizo-
BHICTh 00poOku iH(popmanii 3a eramamu[6,7]. Koxen
eTaln Mae CBifi MacmTabd peaJbHOro yacy oOpoOKH, IO
JTO3BOJISIE 3IMCHIOBATH 1X aBTOHOMHY peamizaiio. Oc-
HOBHMMH, aBTOHOMHHMMH 3a peasli3alli€lo, eTarnamu
00po0OKkH iH(pOopMAIIi €:

» 00pOOKH CHUTHAIIIB;
» mepBUHHOI 00p0o0KH iH(popMmariii (ITOI);
» BTOpHUHHOI 00p00OKH iHpopMarii (BOI).
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OCHOBHUM 3aBJaHHSIM OOPOOKH CUTHAJIIB €:

> BUSBJICHHS KOpPHCHUX (BimOMTHX abo BHUIpO-
meneHux I10) curnaniB. 3amada BHSBIEHHS KOPUCHHX
CHTHAJIB BUPILIYETHCS B MPHUCTPOSX MiCISIIETEKTOPHOI
00pOOKY CHI'HAIB 1 CKIaIa€ThCsS Y BUHECEHHI OTHO3HA-
YHOro pimreHHs: abo curHai € (X;= 1), abo curHamy
Hemae (X;=0). OnTUManpHICTh PIlICHHS 3aJadi BHSB-
JICHHSI CUTHAJIIB PO3YMI€ThCS, SIK ITPABUIIO, 32 KPUTEPIEM
Heiimana-ITipcoHa, 10 3BOAMTHCS OO MaKCHUMIi3allii
WMOBIPHOCTI TPaBUIILHOTO BHUSIBIEHHS CHTHAJIB TIPH
00MEXEHHSIX Ha HMOBIpHICTh XUOHOTO BUSIBJICHHS;

> BHUMIp MapaMeTpiB BHSBICHHUX (TPUHAHSATHX)
curHaiiB. Ormepanii OIIHKKM TNapaMeTpiB CUTHATIB Yy
3araJbHOMY BHUIAIKy ONTHMI3YIOTBCSI 3a KpHUTEpieEM
MIiHIMYMY CEpETHBOTO PH3HKY.

CurHasipHUH TpOIECOpP BU3HAYAE HAsIBHICTH a0o0
BiJICYTHICTh B IIPUHHATOMY CHTHAJI CKJIaJ0BOi, 00yMO-
BieHoi BigoOpaxenusmu Bix [10. Kpim Toro, BiH KOM-
MIEHCYE 3 CUTHANM, IO 3aBa)KalOTh, OOYMOBJICHI BiJO-
Opa’KeHHSIMH BiJ MiACTHIBHOI TOBEPXHI, METEOYTBO-
PeHb, a TaKOXX BHIPOMIHIOBaHHSIM pPajio3acoliB, Jke-
pert myMiB 1 MOCTAHOBHUKIB 3aBaj. Y MpoIecopi 3iiic-
HIOETBCS KOrepeHTHa abo (i) HekorepeHTHa 0OpoOKa
MPUIHATHX CUTHAJIIB, TUCKPETH30BaHA 32 YACOM.

ITpu xorepeHTHiN 00pOOLI BPaxOBYIOTHCS CHH(a-
3Ha 1 KBaJpaTypHa CKJIafoBi BizeocurHainy. Hekorepen-
THa 00poOKa BiIOYBA€ThCS Micis YCYHEHHs iHpopMaii
mpo ¢asi CHrHaay B JIETEKTOpi. BUABICHHS 3MiHCHIO-
€TBCSl IIUIIXOM TOPIBHSHHS BiJJEOCHTHANY Ha BHXOJI
npuiiMaya i3 3aJaHUM OPOT'OBUM PiBHEM; MEPEBHUIIICH-
HSI ILOT'O PiBHS PO3IIISAAETHCS SIK (akT BusiBieHHs [10.

CurHanpHUI TPOIIECOP PEali3yeThCsl B MOTOYHO-
My 4aci 3 BUKOPUCTAHHSM CIIEIiai30BaHUX anapaTHUX
3aco0iB.

3a pe3ynbTaTaMu OOPOOKH CHTHAJIIB IPUHAMAETHCS
OJTHO3HAYHE DILIEHHs MPO HASBHICTh CUTHAJY 3 TOKa3-

HUKaMU (DO, FO) Ta OLIHIOETHCS TTApaMETPH CUTHATY 3

Bi/ITIOB1THOIO MATPUIIEIO TOYHOCTI.

OCHOBHUM 3aBJaHHSM MEPBUHHOI 00poOKU iH(DO-
pmauii €:

BusnauenHs (OI[iHKa) MUTTEBOIO TOJIOXKEHHS (KO-
opaunat) IO y mpocropi 3a pe3ynpTataMHu OIHOTO
ormsimy CC. ¥V mpoueci 1i€i omepamii 31iHCHIOETHCS
BusiBlicHHs [10 3a maykoro BiAOUTHX (BUIIPOMEHEHHX)
CHTHAJIIB, CTATUCTUYHA OIL[IHKA Yacy 3aTPUMKH BiIOH-
TUX (BUIPOMEHEHHX) CHT'HAIB MIOJI0 MOMEHTIB MOCHII-
KM 30HyBaJIbHUX CUTHAJIB (CTATHCTHYHA OIHKA Jalb-
Hocti g0 IO BimHOCHO ToukHM po3zrtamyBanHs CC), a
TaKOX CTAaTHCTHYHA OLliHKa KyToBHX KoopauHat [10 3a
KyroBuM mojioxeHHsAM aHTeHn CC y MOMEHT NpoXo-
JOKEHHST MaKCUMYMY JiarpaMu CHpsIMOBAHOCTI dYepes
I1O. To4HiCTh OLIIHKK KOOPAHMHAT Y 3arajJbHOMY BUTIA[I-
KY XapaKTepU3yeThCsl MATPULICIO TOUHOCTI OLIHKH.

OCHOBHHUM 3aBJIaHHSIM BTOPUHHOT 0OpPOOKH TaHHX:

» BusBieHHs TpaekTopii [10 3a cykymHicTO OI1i-

HOK, OTpUMaHuX y psiui nociigoBHux ormsaniB CC. YV

mporieci 1€l  omeparii OIHIOETHCS TMPUHAJICKHICTD
JIEKITBKOX OINIHOK 3 pi3Hux nepiomiB ormsaay CC omHo-
My IT1O, npuiimMaeTbcst pillieHHS NPO HasBHICTH abo
BimcyTHicTh 1O, a Takok OOYHMCIIOIOTHCS IMMOYATKOBI
3HAYEHHs TapaMeTpiB TpaekTopii BusBieHoro [10;

» crocTtepexeHHs 3a Tpaekropiero [10 (cynposin
TpaekTopii). Y mporeci CriocTepeKEHHS 32 TPAEKTOPIEIO
B KOXHOMY OISl BiIOMPAlOThCS HOBI OINHKU IS
MIPOJIOBXKEHHSI TPAEKTOpii, YTOUHSIOTHCS IapaMeTpH
TPAEKTOPiH 3 ypaxyBaHHSIM KOOPIUHAT HOBHX OLIHOK, &
TaKOX 3IJIaJUKYBaHHS W NPOTHO3YBaHHS (EKCTparos-
11is1) KOOPAHMHAT.

IMpu nmpoxomkeHnst iHdopmanii yepe3 3a3HayeHi
eTany BiJ0YBa€ThCS MOCTYIIOBE PO3PI3HEHHS! KOPUCHUX
1 3aBa)KaIOYMX CUTHAIIIB B PE3yJIbTaTi MOETATHOrO Mpo-
uecy npuiHATTS pimeHb. [Ipu oOpodui indopmais
MOCITIZIOBHO MPUBOAMTHCS IO BHIJISAY, IO TOJNETIIYE
KOpHCTYBa4€Bi IPUHHATTS pillleHb. Tak, HeoOpoOIeHNI
BiJICOCUTHAJI MICTUTh 0araTo XMOHHMX CKJIaJOBHX, 00Y-
MOBJICHUX BifgOuTKamu. [IpucTpiii BHIiNEHHS AaHHX
nokanizye I10, a npomecop nanux posmisnae I10, Bu-
3Havae mBHUAKicTs [10 Ta iHII MapaMeTp.

IIpu uenrpanizoBaHiii 0OpoOLi Ii eramu MpoOBO-
JIITBCSL B PI3HUX ITYHKTaX OOpPOOKH Ta peallizyeTbcsl, K
MPaBWJIO, CUTHAJBHUM IIPOIIECOPOM, TPHCTPOEM BUII-
JICHHSI JAHUX Ta MPOLECOPOM JIaHHX.

I oOcraBrHA 3HAYHO YCKJIAIHIOE MPOLEC CyMic-
HOi onrTuMmizanii o0pooku iHdpopmanii CC, koTpui, sK
BiJIOMO, CKJIaJIa€ThCs 3:

» onrumizamii BusBIeHHs curHanis, I1O Tta
tpacullO;
» onTumizaliii BumiproBauss crany [10.
3amaua BusBieHHs curHaniB, 1O Tta Tpacu IIO
CKJIaJIa€ThCsl Y BUHECEHHI OJHO3HAYHOIO pillleHHs: abo

curHain, [1O gm Tpaca IIO € (Xi = 1), (xj = l) Ta
(x; =1) Biznosigno abo curnamy, 1O ta tpacu I10
nemae (x; = 0), (xj = O) Ta (x| = 0) BiznosiaHo.
OnTuManbHICTh pillleHHs 3aa4i BUSBIICHHS PO3yMi-
€TbCs, SIK TpaBWiIo, 3a KputepieM Hefimana-Ilipcona,
10 3BOJMTHCS 10 MaKCHMi3alii HMOBIPHOCTI IpaBUIIb-
HOr'o BUsBJIEHHs curHaiiB, [1O Ta Tpacu I1O mpu 00-
MEXCHHSIX Ha HIMOBIPHICTh XUOHOTO BUSIBIICHHS.

Crnix  3a3HauuTH, IO AaHAJIOTOBHM IIOPOTOM,
YIIPaBJIiHHS KOTPUM MOXE 3JIHCHIOBATUCS ONTHUMI3allist
BUSIBJICHHS Ha BCIX eramax OOpOoOKM JaHWX, € Iopir
BUSIBIIEHHSI curHamiB. L[s oOcTaBMHAa OJHO3HAYHO BU-
3HAYae, MO TIIBKU B CHCTEMax 3 PO3IOILIBY0I0 00p00-
Koro iHdopmMarii MoXke 3MIHCHIOBATHCSA CYMICHA OITHU-
Mi3allis BUSBJICHHS Ha BCiX eTamax oOpoOKu.

Ipu onrumizanii Bumipy koopausHat Ta Tpac 110
MOBUHHO OYTH BiJOMHM MAaTpHIi TOYHOCTI MOMEPEAHIX
BuMipioBaHb. Ha sxamb, BimoMi ACY 00poOku iH(op-
Mallii He MepeJaroTh Il MaTpHIll Y ckiami GopMyisipy
I1O [1].Lle HEe m03BOJNISAE 3AIUCHUTH CyMiCHY ONTHUMIi3a-
uii BuMipy crany I10.
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HageneHe Buie n03Bojiste chOpMyBaTU CTPYKTYPY
00poOku panux cnocrepexeHHs [T y Burmsai crpyk-
TypH, HaBeneHoi Ha puc. 1. Ciij 3a3Ha4UTH 11I0:

> zq, ky, ky- ananorosuii Ta mudposi moporu

» N, m — JOBXWHAa Maykd CUTHAIIB 32 SKUMHU
npuiiMaeTbest pimeHHs npo BusiBieHHs [1O Ta Tpacu
I10;

» w, C — BeKTOp CTaHy Ta MaTpHIl TOYHOCTI

BHsBJICHHs curHaiiB, [10 ta tpacu I10; tpacu I10.
Do = f(z0.q). Dy = f(zo, k1. N. q). D; = (20, ki, k2, N, q),
Fy = f(z5) = const Fy = f(z5. ky, N) F, = f(zg, ky,kp, N)
y(t) O6pobra X; Xj X
E CHTHAJIIB R > 100) > BOI | —»
A @y, Cp A w,, C. A w,C
zy = f(Fo) ky = f(N) ky = f(m)

Puc.1. 3aranpHa cTpykTypa 00OpOOKH JaHUX

Crpykrypa 00poOku maHux CC HAOYHO MOKa3ye
10 3a0€3MEYUTH CYMICHY OINTHMIi3aIlito 00poOKH MOXK-
JIMBO TIJIBKH TP PO3MOALIEHii 00poOii iHdopmMarii.

JliticHo, HaBezeHI Ha pHUC. | 3aJIGKHOCTI TTOKAa3HH-
KiB SIKOCTi BUABJICHHs curHaiis, [10 Ta tpac 1O noka-
3YIOTh, IO YIPaBISIOTHCS BOHH TLIBKU PETyITIOBaHHIM
aHaJIOrOBOT'O MOPOTY BUSIBIICHHSI CUTHAIIB.

BucHoBKMu

CyMicHa onrTuMmisalis eTrariB 0OpoOKH NaHHX Me-
pexxi CC MOXJITUBE TUTBKH NPU PO3MOALIEHIH 00poOi
iHpopMmarii.

BenuunHa aHaIoOroBOro mMopory BUSIBJICHHS CHT-
HaJliB BUKOPHCTOBYETHCSI B SIKOCTI HapaMmeTpy IpH Cy-
MICHI} onTuMi3alii 0OpoOKH JaHUX CIIOCTEPEIKEHHSI.

s onrumizanii BuMmipy crany [1O moBuHHI niepe-
naBatucs, y ckiani ¢popmymsapy 10, marpuni To4HOCTI
BUMIipy mapaMeTpiB curHany ta koopaunat [1O morme-
penHix eramiB 00poOKH iHpOpMaIii.
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ONTUMU3ALINA OBPABOTKU OAHHbLIX
B CETAX CUCTEM HABNIOAEHUA BO3YLLHOIO NMPOCTPAHCTBA

WM. O6on, A.A. Crpensaunkuii, A.D. 3aBonoapko, B.A. AnnpyceBry

B cmamve, na ocose paccmompenus npoyedyp ,Komopule 6bINOTHAIOMCA HA IManax 06pabomKu OaHHbIX cucmem Haoo-
Oenust 6030YUtHO20 NPOCMPAHCMGEA, NOKA3AHO, 4MO ONMUMUZUPOBAMY BbIAGTEHUE U USMEPEHUE KOOPOUHAM 6030VUHBIX 00bEK-
MO8 8O3MOICHO MONLKO NPU pACHpedeleHHol 06pabomke UHGOpMayuy 8 cemsx cucmem HAOMI0OeHUs), a GeTUUUHA AHAN0208020
nopoza o6HapydCenUs CUSHANO8 UCNONB3YEMCsl 8 Kauecmee napamempa npu cO6Mecmuoll OnmumMu3ayuu oopabomxu OaHHbIX
Habn00eH .

Kniouesvie cnosa: onmumusayus obpabomru 0annwvix, cucmemvl HaOI0O0eHUs, 8030YuLHbLe 0OLEKMbI.

OPTIMIZATION OF PROCESSING DATA NETWORKS
OF AIR SPACE SURVEILLANCE

LI Obad, A.A. Strelnickiy, G.E. Zavolodko, V.A. Andrysevich

The article, based on the review procedures, which are performed on the stages of data processing systems, surveillance of
the airspace, it is shown that optimize the detection and measurement of the coordinates of air objects is possible only when the
distributed processing of information in networks surveillance systems, and the analog signal detection threshold value is used as
a parameter with the joint optimization of the processing of surveillance data.

Keywords: optimization of data, surveillance systems, aircraft objects.
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