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1. BBepgeHune

M3BecTHO, YTO B MpakTuke 3KCnnyatauunm camMosieToB Hamboree CroXHbIMWU Ans NMUOTMPOBAHMSA
SABNSOTCA PEeXMMbl B3fieTa W MocagkM Ha alspoapoMbl, PacMONOXeHHble B FOPUCTOM MeCTHOCTW. [ns
obecneyeHnst 6e30MacHOCTM HaBuUraumMm B AaHHbIX peXuMMax NUrnoTMpoBaHUsS Hanboree BaXHO 0becneynTb
3a/laHHbIV BbICOTHBIN peXnm noneta: NporpaMMHbIi aBTOMaTUYECKUA UKW PYy4YHON aBTOHOMHbIW. B aoknaae
o6cyxaatoTcsa BONpOChbl MOCTPOEHNST KOMMIIEKCHOW cucTembl Haeuraumm (KCH) camoneTta B pexume norneta
Ha Manon BbicoTe. B coctaB KCH Bxoadat nHepumanbHas HaBurauuoHHas cuctema (MHC), ponnepoBckui
n3meputenbs CKopocTn n yrna cHoca (OUNCC), paguosbicoTomep (PB), a Takke paguogansHomep (PL).
OntumanbHass obpaboTka WHGOpMauMM yKa3aHHbIX HaBUrauMOHHLIX CPeacTB [OIMKHa obecneuntb
BbICOKOTOYHYIO OLIEHKY MECTOMOSIOXKEHNST M CKOPOCTW caMosieTa B MEpPBYD ovepenb B BepTUKaNbHOW
MMOCKOCTU N, TEM caMbiM, obecneunTb 6e30nacHyo HaBuraumo Npu nosieTax B ropucTo MECTHOCTW.

2. OnTMMM3aumsa anropMTMoB 06paboTkmn MHopmMauum

Ha puc. 1-1 npeacraBneHa CTpyKTypHas cxema anroputma obpabotku curHanos B KCH ans
onpefeneHus MECTOMNOMNOXEHNST U CKOPOCTU camoneTta. B aTon cxeme aAns uamepeHuss BEKTopa CKOPOCTU
ocyllecTBnsaeTca coBmecTHad obpabotka mHdopmauunm MHC n OUCC. MopusoHTanbHble CocTaBnsoLlune
MECTOMONOXKEHNA U CKOPOCTM  camoreTa  OMNpedensioTcs  CKOPPEKTUPOBAHHBIM  3HAYEHUSIMU
COOTBETCTBYIOLLMX TOPU3OHTanbHbIX KkKaHanos VIHC. BepTtukanbHas COCTaBRsooWas MeCTOMNOMNOXEHNS
(BbicOTa MoneTta camoreTa) BblpabaTbiBaeTcsl NyTeM COBMECTHOM 06paboTkm nHdopmaumm MHC, PB n PL.
OCHOBHbIM OTNNMYMEM AaHHOW CTPYKTYpHOM cxembl KCH OT M3BECTHbIX CUCTEM SBNSAETCS BKOYEHWE B
COCTaB KOMMIieKca paguoganbHOMepa, ONpedernsiiowero HakioHHOe paccTosiHMe OT camorieTa OO 3€MHOM
nosepxHoctn. ONTuUManbHOE KOMMMEKCUPOBaHME B  W3MEpUTENe OCHOBAHO Ha  MCMOMb30BaHWM
MoZenupyemoro B 6GopToBOM LMdPOBON BbluucnuTenbHon maiwumHe (BLIBM) cunbtpa KanmaHa (®K),
KOTOPbIN OCYLLEeCTBMSET onTuManbHyto 06paboTky HaBuraumoHHon nHepopmaumm ot UHC, OUNCC, PB n PO.
Ha Bxog ®K B KCH (puc. 1-1) nocTtynatoT pasnunyHble curHansl namepennn WHC, PB, PL: ry(t) = AHpu(t) -
AHp(t); MHC wn OUNCC: ry(t) = AWpn(t) - AWg(t). Ownbkn MHC cywectseHHO 6ornee y3KononocHble no
cpaBHeHuto ¢ owmnbkamn OVNCC, PB n PO u HakannueaioTcs BO BpeMeHWU. [108ToMy OCHOBHOW CUCTEMOW,
owmnbkM KoTopon komneHcupytoTca B paccmatpusaemon KCH, 6ynet asnateca MHC. CnepoBatenbHo, Ha
Bbixoge K HeobxoouMMo MonmyunTb ONTUMAanbHYH OLEHKy owwmnbok: AHpy(t), AWun(t). MonyyeHHble npwu

— vy
unbTpauum oueHkn AH uy (t), AW . (t) , BbluMTaOTCA U3 BbIXOAHbIX curHanos MHC B BLIBM. B pesynbTate

OCYLLECTBNAETCA HernpepbiBHOE oTobpaxeHue Hanbonee TOYHOW WHGOPMALMM O CKOPOCTM U
MeCTOoMnonoxeHmn camoneta. B cooTtBeTtcTBUM C  pusmyeckum npuHumnom pabotel MMHC unamepsiet
OTHOCUTENbHbIE 3HAYeHWs BeEKTopa CKOPOCTU U MECTOMOMOXEHUs camorieTa, a aBTOHOMHbIE
paguotexHunyeckune usmeputenu (AUNCC, PB, PL]) — UCTUHHbIE 3HAYEeHUS HaBUraLMOHHbIX NapameTpoB Mo
OTHOLLUEHNI0O K 3EeMHOW MOBEPXHOCTU. [loaToOMy B JNMHEAHOM NPUBNMKEHUN BbIXOOHbIE CUrHanbl
HaBWIraLUVOHHBLIX CPEACTB MOXHO NpeacTaBuTb CreayowmumM obpasom:

- NPV U3AMEPEHNN CKOPOCTU U BEPTUKASbHOWM cocTaBnsaoLwen mectononoxerusi B IHC:

W (&) =W orm () + AW (0); Hyy (0) = H oy (1) + AH 1y, (1),
- Npu n3mepeHum BeicoTel B PB: H (1) = H ,(¢) + AH ,(1);
- npy n3mepeHunm ckopoctu B ANCC: ﬂ(t) = W_O(t) + AW/Z (?)

- NPV N3MEPEHUMN HAKMOHHOTO paccTosiHuA: D (1) = D, (¢) + AD ,(t)
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B pesynbtate B o6lWem crnydae BO BXOOHOM cwrHane dwunbTpa #(¢) NpUCYTCTBYOT

JOOMNONMHUTENbHBbIE OLWNBKN AXy(t), CBA3aHHBIE C HEMOMHON KOMMNEHcaLUnen UCTUHHBIX 3HAYeHUn U3MepsemMbixX
HaBUraLMOHHbIX NapameTpoB Xq(t):

r1(t) = Axos(t) + AHu(t) - AHp(1); - A

2 (t) = Dxoa (£) + AW 1 (£) = AW 1(2) ;

&(t) = Hp(t) - Dp(t).cos(6o); 5

rae Ax, ()=H,, ()—H, (1); . o (t
A;m(l) :WOTH(t)_WO(t); . /\

0
By - yron OTKMOHeHus Makcumyma [OHA ot £ (t
BEpTUKanu. v X

MapameTp &(t) nokasbiBaeTcs N3MeHeHus —7
penbeda, Hag KOTOPbIM OCYLLECTBNAETCS NOMeT caMmorneTa.
[MoaTomy 3TOT napameTp UCMNOMb3yeTcs Ans OTobpaxeHus
MHGOPMaLMN Ha WHOMKATOpe WNKM nocTyrnaeTr B cucTeMy aBTomatudeckoro ynpasrneHus (CAY) nonetom
camorieTa B BepTuKanbHOW nnockoctu. Ha pwuc.1-1 Hanuume kmoden (K1,K2) osHavyaeT BO3MOXHOCTb
ONCKpeTHOM paboTbl mM3MepuTenenm npuem pasHocTHoro curHana: rq(K)=AHuyn(K)-AHp(K); ra(k)=AW p(Kk)-
AW (K); rae k=0;1;2...An9a ycTpaHeHns pexrmMa noucka u 3axeaTa curHana B cnegaiwmx nameputensax JUCC
n PB nogatotca curHansl no ckopoctu un Beicote oT MHC. [Ina HaxoxaeHus onTumansHoro anroputma ®K B
KCH wucnonbsyiotcs wmssectHble mogenu owwmbok MHC, OUCC wn B PB [1]. B poknage npuBogatcs
pes3ynbTaTbl MaTeMaTU4eckoro cuHTesa anroputma oK.
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3. OueHKa noTeHUManbHbIX TOYHOCTHbLIX XapakTtepucTuk KCH:

B cootBeTcTBUM co cxemon (1-1) curHansl Ha Bxoge KCH ;(t) MOXXHO 3anucaTb B BUae:
PO=S, (+e (0 (=5, (+E(1); »,(1)=5, () +e ()

v, =W, O+, (1); y,O)=W, ()+e, (1); y ()=W ()€, (1);y,()=&(1) +€,()

A

rae e (1) =Ay(1) - Ai(r) € (1) =DAx(1) - A x(t) € (1) =Dz(t) - Az(r); £, ®= AWy ®) —AWy(t),
g, (t)=AW (t)- AWLX(t) €, (1) =AW _(1) - AWLZ(z) () =€ (1)~ A D(1)

A
AD(t)- owmnbka n3MepeHna HakinmoHHOIo pacCToAHUA.

CnepoBsaternbHO, TOYHOCTb M3MEpPEeHUs COCTaBNAWMX MecTornonoxeHna Sy, Sy, S, camoneta B
cucTeMe KoopauHaT byaeT onpeaensitbCs TOYHOCTbIO OLEeHOK B dunbTpe ownbok Ax, Az MHC. Vcnonbays
nporpammHble cpeactBa Mathcad, ©ObIno ocylwectBneHo cratuctudeckoe wMopgenuposaHve K B
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paccmatpuBaemon KCH u npoBegeHbl HeobXOAMMble BbIMUCIIEHUST MO ypaBHeHusM (2.36-2.40) [1].
PesynbTaTbl BblMMCNIEHUW NpuBedeHbl Ha rpadukax puc. 1-3,4,5,6. AHanus rpacukoB nokasbiBaeT, 4YTO
TOYHOCTb M3MEPEHUs] COCTaBMSIOLWIMX BEKTOPOB MECTOMOMOXEHUss M ckopoctu camoneta B KCH
3HauMTEmNbHO Bbiwe no cpaBHeHuto ¢ MHC, OUCC u PB. Heobxognmo oTtmeTuTb, 4TOo owmnbkn KCH B
rOPM30OHTarbHbIX KaHamnax MeCTOMOMNOXEHNS U CKOPOCTU MPaKTUYECKN He HakanmnmBalTCs BO BPEMEHU, YTO
xapaktepHo ana WMHC. Ha rpadwmkax puc. 1-7,8,9 nokasbiBatoT 3Ha4YeHME BbICOTbl, KOTOPbLIE U3MEPSIOTCS
BepTuKaneHbeiM kaHarnom VIHC, PB n KCH. B pgoknage obcyxgalTca pesynbTatbl BbiMrpbilla B TOYHOCTM
N3MepeHns BbICOThI NoreTa Npu KOMMIEKCUPOBaHUMN.
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4. MNMpouecc perynupoBaHusi BbICOTbI NosieTa NpyM U3MEHEHUU BbICOTbI penbeda

[MoneT B pexume MarnbiX BbICOT Hag CMNOXHbIM penbedoMm Mpu B3nete U nocagke SABnsieTcs
Hanbonee CNOXHbIM y4acTKOM MUOTUPOBaHMSA camoneTa. [oaTomy B Aoknage oueHMBaeTCs BO3MOXHOCTb
ncnonb3oBaHus pagunogansHomepa (PL) B paccmaTtpmBaemon KCH ans noebiweHus 6e3onacHOCTU norneTa.
MpuBogATCcA pesynbTaTbl CTAaTUCTUYECKONO MOAENMPOBaHWS Morieta camorieTa Ha Maron BbiCOTe Hag
CNOXHbIM y4acTKoOM pernbeda NOBEPXHOCTU NPU UCMONb30BaHWMM paanodansHomepa B coctaBe KCH (puc. 1-
10,11,12). OueHnBalOTCA TOYHOCTHbIE XapaKTePUCTUKM onTumanbHon KCH. AHanua pesynbTaToB OLEHKM
TOYHOCTHBIX XapakKTepuCTuK kaHana BblcoTbl KCH nokaseiBaeT BbIMIPLIW B TOYHOCTU M3MEPEHUS BbICOThI U
HaKMOHHOW [anbHOCTU Npu onTuManbHon obpaboTtke mHpopmaumnm B KCH. B pesynbTaTe nosbillaetcs
Be3onacHOCTb noneTa camorieTa Ha CNoXHbIX yd4acTkax HaBurauum.
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5. 3aknioueHue

B poknage paccMOTpeHbl BO3MOXHOCTW MOBLILWEHWS TOYHOCTW HaBurauum camorneTta B
BepTUKaNbHOM MNMOCKOCTU B peXuMe MorneTa Hag CIOXHOW FOpUCTOM MECTHOCTBIO MpU MCMNOMb30BaHUM
ontumansHon KCH. [lpuHumnuanbHeiM oTnuumMem paccmartpuBaemonn KCH aBnseTtcs mcnonb3oBaHue
paguogansHoMepa B cocTtaBe komnnekca. [Mposogutca cuHTe3 anroputma ®K B paccmatpmsaemon KCH.
OueHnBatoTCst NOTeHUManbHble TOYHOCTHbIE XapakKTEePUCTUKM CUCTEMbI B PEXMME MasioBbICOTHOIO MoreTa.
MokasaHbl NpenmyLlecTBa ncnonb3oBaHusa PL n ontumansHom obpaboTtku curHanos B KCH ans noebiweHus
TOYHOCTW HaBuMraumm camorneTa, B NepByo odepeb B BEPTUKaNbHOWM MIOCKOCTY.

Nurepatypa

1. XKykosckun A.l, PactopryeB B.B. - KomnnekcHble pagmocuctembl HaBurauum u ynpasneHusi
camonetoB. — MAI, 1998.
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ALGORITHM OF INFORMATION PROCESSING FOR COMPLEX NAVIGATION SYSTEM OF PLANE IN
FLIGHT REGIME ON SMALL HEIGHT

Rastorguev V., Bui Xuan Khoa

1. Introduction

Known that in the practice of planes exploitation the regime of upward flight and landing on
aerodromes situated in mountainous terrain are the most difficulty for pilot controlling. For ensuring safety of
plane navigation in given regimes of pilot controlling the most important task is ensuring the altitude of flight
regime: programme automatic or manual autonomous. In the report the questions of Complex Navigation
System (CNS) of plane in flight regime on small height are discussed. CNS consists of Inertial Navigation
System (INS), Doppler Meter of Velocity and Rake Angle (DMVRA), radio altimeter (RA), as well as
radiometer of range (RMR). Optimum information processing of specified navigational systems must ensure
a high precise estimation of location and velocities of plane in the vertical plane first of all. As a result ensure
a safe navigation of flights in mountainous terrain will be securing.

2. Optimisation of algorithms of information processing

The structured algorithm scheme of signal processing in CNS for the determination of location and
velocities of plane are presented. Main difference of given structured scheme of CNS from known systems is
an including in the composition of complex the of radio range meter, defining tilted distance from the plane
before the terrestrial surface.

Optimum signal processing in CNS is based on use prototyped in the on-board digital computer
(BDC) of Kalman Filter (KF). This filter realises an optimum processing of navigational information from INS,
DMVRA, RA and RMR. As a result the unceasing imaging of the most exact information on velocities and
location of plane is realised for pilots.

The results of mathematical synthesis of algorithms of KF are presented.

3. Estimation of potential accuracy of CNS

Received algorithm of discrete KF in CNS allows estimating of potential system accuracy. Using
software programs Mathcad, statistical modelling of KF in considered KCH was realised [1]. Results of
calculations are presented and are discussed.

In the report results of the advantage in accuracy of measurement of flight height in CNS are
discussed.

4. Process of regulation of flight height when changing of a relief height.

Flight in the regime of small heights at upward flight and landing are the most difficulty for pilot
controlling. So in the report is valued the possibility of using a radiometer of range (RMR) in considered CNS
for raising safety of flight.

Results of statistical modelling of plane flight on the small height on the complex area of relief
surface when using a radiometer of range in the composition of CNS are discussed. The accuracy of
optimum CNS is estimated.

Analysis of results of accuracy estimation of height channel of CNS shows an advantage in height
measurement accuracy and tilted range under optimum information processing in CNS. As a result the safety
of plane flight on complex navigation areas is increasing.
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