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CoBpeMEHHOE COCTOSTHHE OOPTOBBIX W3MEPHUTENBHO-BBIYMCIUTENBHBIX KomiuiekcoB (MIBK) xapakrepusyercs
BKIIFOUEHHEM B MX COCTaB pacmpeieiieHHBIX OecTuiaT(OpMEHHBIX HMHEPIHATBLHBIX HaBHTalMoHHBIX cucteM (BMHC). Oto
CBSI32aHO C HEOOXOJIMMOCTHIO HAaBHTAITMOHHOTO OOECIIeYeHUs] HE TOJBKO JieTaTeNbHBIX ammapaToB (JIA), HO m GOPTOBBIX
cucteM 0030pa 3eMHOI TOBEPXHOCTH, B cocTaB KOTOphIX BKIrouaroTcss BUHC. K TakuM cuctemaM OTHOCSATCS paifoioKa-
IIMOHHBIE, BUACOKOHTPOJIbHBIC, JIA3ePHBIC CKaHUPYIOIUE (JIMIapsl) U Ipyrue o030pHBIE yCTpoiicTBa. B To e Bpems mpu
ob6wsenuHennn pactpeneneHapx BMHC (PBMHC) B enunyto CTPYKTYpPY HOSBIIOTCS HOBBIE (DYHKIIMOHAIHHBIE BO3MOXKHO-
CTH TaKUX KOMIUIEKCHBIX HABHTAIlMOHHBIX CUCTEM, a IMEHHO: pe3epBUpOBaHIe U B3auMHas nojuaepxkka BMHC u nossrme-
HHE Ha ITOH ocHOBE MH(pOpMaoHHOW HaxexxHocTH MBK; B3auMHblilt KOHTpOJb 1 nuarHoctupoBanue bBUHC; ontumuza-
st crpykrypel PBUHC nns oGecniedenus TpeGyeMoi TOUHOCTH HABUTallUM U OPUEHTAINH B CIOXKHBIX YCJIOBHUIX IKCILTY-
atauuu JIA. Takue ycnoBusl CBA3aHBI ¢ MaHEBpUpOBaHUEM JIA, moTepeil cUrHaIOB CIyTHUKOBBIX HABUTAIIMOHHBIX CUCTEM
(CHC). lens pabotsl — uccienosanue Bo3moxuocreid PEMHC Ha 6a3e BOJOKOHHO-ONTHYECKUX M MUKPOIJICKTPOMEXaHU-
YEeCKUX U3MEPHTEIIeH MPU MX 00bEIMHEHUH B TECHO CBSI3aHHYIO HH()OPMAIIMOHHO-U3MEPUTEIbHYIO CTPYKTYpY. [IpH pemie-
HUH NTOCTAaBJICHHON 3a/1a4d 32 OCHOBY B3iTa OOBEKTHO-OPHEHTHPOBAHHAs MOJYJbHAS TEXHOJIOTHS CO3JaHUS MHTETPUPO-
BaHHBIX HABHTAMOHHBIX CHCTeM. [IprMeHEHHE TaKoW TEXHOJIOTHH IIO3BOJMIIO PEAlN30BaTh HOBBIC ()YHKIMOHAJIHHBIC
Bo3MokHocTH PBMHC, a Taroke ydecTs ciemyromue ocoOeHHOCTH moctpoeHus U ¢pyakuuonupoBanuss PBMTHC B cocrase
NBK: HeoOxoaumMocTs B3aUMHOTO oOMeHa mH(opMarmend Mexay moxyisiMu PEMTHC depe3 60pTOBYIO BBEIYHCIHTENHHYIO
cuctemy BepxHero ypoBHs UBK; cuHXpoHU3a1MI0 U3MEPUTENBHO-BBIYUCIUTEIBHBIX MpoLenyp, peanuzyemsix B PBUHC.
W3-3a orpannuenunii Ha pasmepsl u mMaccy BMHC 0030pHBIX cHcTeM CTpOsiTCs Ha 0a3e MHKPOIICKTPOMEXaHWYECKUX
(MSMC) gatumxoB. Takue TaTYUKH UMEIOT OOJIBIIYIO0 30HY HETYBCTBUTEIBHOCTH U HEBBICOKYIO TOYHOCTH. C yd4eToM yKa-
3aHHBIX ocoberHocTeit BUHC-MOMC nommkHBI onupaThes Ha 6a30Byr0 BeicOKoTOuHYI0 BUHC, BXOAsIIyI0 B COCTaB HAaBU-
ranuorHoro komriekca JIA. Kpome Toro, BMHC-MOMC He MOryT aBTOHOMHO BBITIOJTHUTh Ha4aJbHYIO BBICTaBKY IO yT-
jgam opuenrauuu. [losromy HauanbHas BbictaBka Takux BMMHC peannsyercst no unpopmanuu oT 6a30Boii cuctemsl. B3a-
MMHasl TTOATep)KKa WHTETPUPOBAHHBIX MHEPIIUATBHBIX CHCTEM, BKIIOUAIOMNX CITyTHUKOBBIC NPHUEMHUKH, HEOOXOINMa He
TOJILKO J71s1 HempephIBHOM koppekuuu koopaunat BUHC-MOMC, Ho u A yTOuHEHHs! YITIOB OPUEHTALMU MECT YCTaHOB-
K1 0030pHBIX cucTeM. CieyeT OTMETHTb, YTO YacToTa OOHOBJICHHsI KoopauHaT, onpenensieMblx CHC, — equnuues! repi, a
onpeznensembix BUHC — enunannp! knnorep. YkazaHusle ocodeHnoctH Obiu yarensl B PBMHC coBmecTHOM pa3paboTku
000 «3OxkcnepumenransHast Mactepckast HaykaCopt» (Mocksa) 1 MI'TY um. H.D. baymana. Makertnstit o6pazer; PEMHC
Bkitouaet cucreMmy bBUHC-500HC Ha BOJIOKOHHO-ONITHYECKUX THPOCKOIIaX COBMECTHOI pa3pabotkn «OM HaykaCodr» n
HIIK «Onromuuak» (3enenorpan); mukpomexanndeckne BMHC-MOMC, noctpoenHble Ha 6a3e U3MEPHUTEIBHBIX MOIYJIEH
ADIS16488 xommanuu Analog Devices. B pa6Gore mpeicraBiieHbl pe3yibTaThl HATYPHBIX 3KCIEPHUMEHTOB, MPOBEIEHHBIX
Ha PaMeHCKOM IIPHOOPOCTPOUTENIEHOM 3aBOJIE.

KiroueBble c1oBa: HHEPIIHAIBHBIC HABUTAIIMOHHBIE CHCTEMBI, BOJIOKOHHO-ONITHYECKHE JaTIHKH, MAKPO3JIEKTPO-
MeXaHWYeCKHe NaTYNKH, KOMIUIEKCHpoBaHue cucteM, puinstp Kanmmana.

BBEJIEHUE

CoBpeMeHHOE COCTOSTHME OOPTOBBIX KOMILIEKCOB XapaKTEpU3YeTCsl BKIIOYEHHUEM B MX COCTaB
pacrpeneneHHbIX OecruiaT(OpMEHHBIX WHEpLUUaNbHBIX HaBUrannoHHbIX cucteM (BMHC) na 6a3ze us-
MepuTeNell pa3IMYHOro MpHHLUIA JAEHCTBHs. DTO CBS3aHO C HEOOXOJUMOCTBbIO HABUTAllMOHHOTO
oOecrieyeHUss HE TOJBKO JieTareNbHbIX anmaparoB (JIA), HO u OOpPTOBBIX H3MEPUTEIIHLHO-
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BeraucuTeNbHBIX cucteM (MBC). K takum cucremam oTHOCSTCS paanoiiokaluonHsle [1, 2], nazepHbie
ckanupymomue (mumapsl) [3] u apyrue 0630pHbBIe yeTpoiicTBa. M3-3a orpaHHYEHHI Ha pa3Mephl U Mac-
cy BUHC UBC crposrcs Ha 6a3e Mukposnekrpomexannueckux cucteM (MOMC) [4]. Cnenyer oTme-
tuTh, YT0 BUHC-MOMC ycranaBnuBaroTcs U Ha OecnimioTHbie JIA, a Takke Ha Ipyryue MOJABHXHBIC
00bexThl. B 10 3xe Bpemst BUHC-MOMC nMeroT 0oJbInyio 30Hy HEUYBCTBUTEIBHOCTUH M HEBBICOKYIO
TOYHOCTh. C y4eTOM yKa3aHHBIX OCOOCHHOCTEH MPECTaBIAETCS IEIeCO00pa3HON OpraHu3aIus B3au-
mozaeiictBuss BUHC-MOMC ¢ onopnoii BeicokoTouHoit BUHC, BXxozsiieit B cocTaB HaBUTAllMOHHOTO
komruiekca (HK) JIA. B nacrosmmee Bpemst onmopasie BUHC JIA ctpositcst Ha 6a3e Ja3epHBIX U BOJIO-
KOHHO-ONTHYECKHUX TMPOCKOIIOB, NMEIOIUX OFPaHUYEHHBIN 110 cpaBHEHHIO ¢ MOMC nuamnas3oH usme-
peHuil yriioBbIX ckopocTed. [loaToMy nmpu HaTMUMK aHOMAJIBHBIX BO3MYILIEHUN U MPEBBILLICHUH JIOTY-
CTHMBIX IHara30HOB U3MEPEHU JUIsI UyBCTBUTENIBHBIX 3yieMeHTOB onopHoit BUHC ee paboTocnoco6-
HOCTBH KPaTKOBPEMEHHO MOXKET MOIepPKUBaThCs ¢ momonisio BUHC-MDMC [5].

[ens paboTsl — uccnenoBanue Bo3moxkHoctei pacnpenenceHasix BUHC (PBUHC) Ha 6a3e Bo-
JIOKOHHO-ONTHYECKUX U MUKPOIJIEKTPOMEXaHUUECKUX H3MEpHUTENell Nmpu WX OOBbEIMHEHUU B TECHO
CBSI3aHHYIO HH(POPMALIMOHHO-U3MEPUTEIBHYIO CTPYKTYPY.

PACHIPEJEJIEHHASI BUHC
HA BA3E BOJIOKOHHO-OIITUYECKHUX
U MUKPODJIEKTPOMEXAHUYECKNX U3MEPUTEJIENA

Ocobennoctu npuMeHeHus: U B3aumozercTBuss moxyneir PBMHC Obuin yuTeHbl B COBMECT-
Ho#l pa3zpabotke OO0 «OkcnepumentanbHas mactepckas HaykaCodpr» (MockBa) u MI'TY wum.
H.D. baymana. Maxketnsriii o6pazer; PEBMHC npencrasien Ha puc. 1, rae nmokazansi: BUHC-500HC —
OccruiaTopMeHHass HWHEPIUATBHO-CIYyTHUKOBAs HABUTAI[MOHHAs CUCTeMa [6] Ha BOJIOKOHHO-
ontudeckux rupockomnax (BOI') coBmectHoil pa3pabotku «OM HaykaCodr» m HIIK «OnTonusk»
(3enenorpan);

BUHC-M5MC BUHC-500HC
CereBoit
KOMMYTaTOop
Hcrounuk
BTOPUYHOIO
MMATAHUA
IToBopoTHBII
CTOI

Puc. 1. Maxketss1it o6pasen pacnpeneneanoit BUHC
Fig. 1. Prototype of distributed SINS

Mukpoanekrpomexannueckue BUHC-MODMC, mnocTpoeHHble Ha 0a3e HW3MEPUTEITBHBIX MOMYJICH
ADIS 16488 xommanuu Analog Devices [7].
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[Tporpammuo-anmapataoe obecniedenne bBUHC-MOMC BbimonHeHO Ha 0a3e  BBIYMCIUTENb-
Hoii imatel Olinu Xino A20 micro u amanrepa mis cornmacoBanus uutepdeiicoB SPI u UART.
Cucrema BUHC-500HC paccmarpuBanace kak omnopHas mi1 BUHC-MOMC. KommnekcupoBaHue
PBMHC peann30BaHO ¢ MCIONB30BaHHEM KaHaIoB HMH(popMarmonHoro oomena Ethernet, omeparmonnoit
CHCTEMBI peanbHOro BpeMeHHu Linux um Onoka oOpabotku mHpopmammu (BOW) Ha 0ase 3amuIieHHOro
IUIAHIIIETHOTO KoMmIbroTepa «I paHar» cepun Core2Duo 12. B passepryrom Buzae moxyiaun PBMHC npen-
CTaBJICHBI HA pUC. 2.

ITporneccopHas miara BY3-500HC ua 6a3ze BOI'
\

ITpuemuux CHC

Ananrep MOBMC ADIS 16488

Puc. 2. Monynu makeTHOTO 0Opasia pacupenenenHoir BUHC
Fig. 2. Modules of the distributed SINS prototype

CtpykTypHas cxema KOMIUIEKCHOW oOpabotku wuHpopmammu B PBUMHC mnokasana
Ha puC. 3, r7ie BBEACHBI caeayomue o0o3Hadenus: AP® — amantuBHO-pobacTHas Moaudukarus [3]
¢unprpa Kanmana; Y — BeKTOp MCTHHHBIX MapaMmeTpoB nBumxkeHus omnopHoi BHUHC-BOTLT

Y — BEKTOp HCTHHHBIX napameTpoB nABwkeHHs Benomod BHUHC-MOMC; AY - Bekrtop
aIpUOPHO M3BECTHBIX MAapaMETPOB B3aUMHOIO IOJIOKEHMSI MU3MEPUTENbHBIX TpexrpaHHukoB bUHC-

BOI' u BUHC-MOMC; Ypqr — BekTop mapametpos, chopmuposannbix BUHC-BOI'; Yoy~ — Bek-

TOp  MapaMeTpoB, CPOPMHUPOBAHHBIX  CIYTHUKOBOW  HaBuranuoHHoW  cuctemor  (CHC);
YMoMe  —  Bekrop  mapamerpos, chopmupoBanHbix BUHC-MOMC;  Zpor  —  Bektop

WHEPIHUATHLHO-CITYyTHUKOBBIX HAOIIOACHHA, KOTOPBIM MOYET PAaCIIUPATHCS MPU HCIIOJIB30BAHUH J0-
MOJTHUTEJIbHBIX TATYNKOB BHEIIHEH MHGOPMAITNH; ZMSMC — Habmoaenus omuook BMHC-MOMC,;

)A(BOF — BekTop oueHok omubok BUHC-BOT; )A(MBMC — BekTop oueHok omubok BUHC-MDMC;
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~

Ygor — BEKTOp ckoppekTupoBaHHbIX mapamerpos BUHC-BOI; VMSMC — BEKTOP CKOPPEKTUPOBAH-
HbIX napameTpoB BMHC-MOMC.

Y
AY
>+ )
TV - I """"""""""""""" I """""""
. i | BHUHC-BOT CHC |
BUHC-MDMC [« ¥
O | Yene
5 Yeor
[ | > +
Zsor
AP®-BOT
Z 7 !
MDMC Y ; o
Uh ! '_G/‘
) i -)
BOU : BUHC-500HC

Puc. 3. Cxema koMIuieKCHOM 00paboTku nH(popmanuu B pactupeaeneHHoin BUHC
Fig. 3. Scheme of complex information processing in distributed SINS

Pexumsbl pabotel onopuoit BUHC-BOI': rpyb6as nauansHas BbicTaBka (HB); Tounas HB;
HaBuranud. ['pybas HB BbimonHseTCS yCKOPEHHO METOJIO0M aHAaJUTHYECKOTO THPOKOMITaCHPOBAHUS
(AT'K) [9] mo curnanam uyBcTBUTENbHBIX 37eMeHTOB (UD) BUHC: rupockomnoB u akcerepoMeTpoB.
OddextuBHocTs AI'K CymiecTBEHHO 3aBHCUT OT TOYHOCTHBIX xapaktepucTuk UD. IlosTomy B
BUHC-500HC nononHuTenbHO peanu3oBaH 3Tan TouHoM HB myrem pemieHuss KBaTEpHUOHHBIX
ypaBHeHUH [6] u oOpabGoTkm ¢ momomnplo AP® crneayromux HaOMOACHUNH TeoPU3MISCKUX
WHBApPUAHTOB!

Zpor =[Ze Zx Zy1'; 1)
t
- . T
Zogi) = Cogi ti{fb(r)dr—[O:O:QAti] ; @)
Zyiiy = [BiL [ L0 L 3)
Ly = [V,gVan]E)BHHc, (4)

rie Bi , Li — reojie3ndeckue mupora u goinrora mecronoioxennss BUHC; THB — touka HauanbHOM

BeicTaBku, At; =t —t: 4 — mar wuaOmogeHu; Q -— JI0Basg CKOpPOCTH BpalieHUus 3eMIIH;
> i i -1

0= [@X ®y @Z]T — BEKTOp BBIXOAHBIX curHajgoB BOI' B mpoekmusix Ha ocu 6moka YD (BUD);
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Co— Marpuna HampaBISIOMIKX KOCHHYCOB, XapaKTepU3YIOLIas B3aHMHYKO YITIOBYIO OPHUEHTALUIO

ceasanHOo ¢ bBUYD OXyz u 3emMHOH reoneHTpudeckoi cucrembl koopauHaT  OXgY,Zg;

— T }
V= [V& VTI VC] — BEKTOP OTHOCUTEIBHOM CKOpOCTH ABMkeHUA bUD B mpoekuusax Ha ocH MOIy-

CBOOOJIHOTO B a3MMYTE COMPOBOKAAtONIEro Tpexrpanuuka o&ng [10].

Ha srane tounoit HB (THB) ouenuBatorcs ommbku yrioBoit opuentanuu bBUD u ocra-
touHble aApeidsr UD. Bpems BwimonmHenus pexxuma THB sBiseTcs CKOMb3sAImUM W ONpenenseT-
Csl YCJIOBHSIMHM JKCIUTyaTallid M TPEOOBAHUSMHU, MPEABSBISAEMBIMH K TOYHOCTHBIM XapaKTEPHCTHU-
kam BIHC.

HaBuranuonnsiii pexum B onopHoil cucreme BHMHC-500HC peanusyercs B aBTOHOM-
HOM MHEpPIHMAIBbHOM M KOMIUIEKCHBIX MOApexkuMax. MoJyabHOe IOCTPOEHHE IPOrpaMMHO-
anmapaTHOro OO0ecledeHusi TO3BOJISIET NPUBJIEKATh pPA3JIMYHYI0 BHEIIHIOW HWHPOpMALUIo s
ornenkn omm6oxk BUHC-BOI'. KommiekcHbIH MOAPEKUM HHEPIHATBHO-CTYyTHUKOBON HABUTAIlUU pea-
JU3yeTcsl Ha OCHOBE 00paboTKU ¢ moMouIbio AP® MO3MIMOHHBIX U CKOPOCTHBIX HAOMIOJCHUN CIey-
IOLIEro BUJA:

T T .
ZI<(i) =[Bil ]BI/IHC(i) -[B; Li]CHC(i) ; (5)

T T T
ZV (i) = C3 [ngnvé']BI/IHC(I) - [Vévnvé’]CHC(l) ' (6)

rae C3 — MaTpuIa HaNPaBIAIOMIUX KOCHHYCOB, XapaKTEPH3yIONIas B3aUMHYIO YIJIOBYIO OPHEHTALIMIO

onopHoro oEng u reonesnueckoro oENH conpoBoxaaronmx TpexrpaHHUKOB.

ba3oBeIii BEKTOp COCTOSIHUA BKIItOYaeT 17 mapaMeTpoB, @ UMEHHO: OLIMOKH CUMCIICHUS COCTaB-
JSIOUIMX BEKTOpPA OTHOCUTEIBLHOM CKOPOCTH; OMIMOKHM CUMCIICHUS 3JIEMEHTOB KBAaTEPHUOHOB HAaBHIa-
UM U OpHeHTalnK; yrioBele apeiidgsl BOI' u cMemienus akcenepomeTpoB. Bo Becex pexxumax (QyHK-
nnonuposanusit BUHC Ha ypoBHe nepBUYHOI 00pabOTKK CUTHAIOB UD BBIMOIHAETCS MX KOMOMHUPO-
BaHHas MU poBas GUIBTPALKS U 3alTUTa OT COOCB.

Pexxumer padotsl Beqombix BUHC-MOMC: HauanbHasi BHICTaBKAa, JOBBICTABKA U HABUTAIIHS.
Crnenmyer OTMETUTb, YTO HEBBICOKME TOYHOCTHBIE XapaKTEPUCTUKU COBpeMEHHbIX MOMC-
U3MEpUTENIEH, KaK IPAaBUJIO, HE MO3BOJSAIOT BBHINOJIHUTH aBTOHOMHYIO HauyanbHYO BbicTaBKy BIIHC
MerogoM AI'K. ITostromy HauanbHas BeicTaBka BMHC-MOMC peanu3zyerca ¢ UCHOIb30BaHUEM JaT-
YUKOB BHEIIHEH MH(OpMaIluu, Hanmpumep, MarHUToMeTpoB [7]. OmHako M3-3a AJIEKTPOMArHUTHBIX
oMeX NPUMEHEHHE MarHUTOMETPOB HE BCETa MPEICTABIISAECTCA BO3MOXKHBIM. B TO e BpeMs1 Hanmnuue
Ha 6opty JIA onmopnoiit BUHC, a Takxke BO3MOXHOCTH COBPEMEHHBIX BBIYMCIUTEIBHBIX MOIYJICH M03-
BOJISIFOT BBIMOJHUTH HadainbHYI0 BbicTaBKy BMHC-MOMC MeTonoM BEKTOPHOTO COTIJIACOBaHUS C
NPUMEHEHHEM MaTeMaTUYeCKOro armapara ONTHUMAaIbHON KaaMaHOBCKOW ¢uubTpanuu. HauanbHas
BbIcTaBka M AoBbicTaBka BUHC-MOMC MOryT BBINOJHATHCS KaK Ha HEMOJBHXHOM, TaK M Ha IO-
JIBIDKHOM OCHOBaHHMHM C MCIIONB30BaHMEM JaHHBIX oT omnopHoit BUHC. I'py6as HB Beimonnsiercs my-
TEM NPUCBOCHHS KoopAuHaT, ckopoctei u yrioB opueHTaunu bBUHC-MOMC ot onopnoit BUHC-
BOT ¢ yueToM anpuopHO M3BECTHOTO B3auMHOTO pacnonoxenus bBUD obenx cucrem. Tounas HB Ha
HETOJABUKHOM OCHOBAaHHUU MOXKET OBITh peajn3oBaHa 1Mo HabmtoaeHusiM nHBapuanToB (1)—(4). JloBbI-
CTaBKa Ha IMOJBWKHOM OCHOBAaHHMHM BBITIOJHIETCS MyTEM pEILICHUs KBAaTEPHUOHHBIX ypaBHEHHH [6] u
dbopmupoBanus crienyronux Hadmoaennii ommbok BUHC-MODMC:

T .5 T .
Zy ={VeVV ] — Ao x AR}gpnc-mame — VeViVelsunc-sor (7)

T : : T _
Zy iy =[BiLiRilpunc—mamc —[B; + AB:L; + AL:R; + ARlgync—Bor: (8)

115



Hayunblii Bectrhuk MI'TY T'A Tom 20, Ne 06, 2017
Civil Aviation High Technologies Vol. 20, No. 06, 2017

. . T e
Zs=lv—-Ay:8-A8:y = AVlggs mome ~ [V 9 Vgus_sor 9)

rae Aoy = OEEHC—MIMC) ~ O(BUHC-BOT) »
AR — anpuopHO u3BecTHHIH paguyc-Bektop BUImomc — BUDsor;
([ — MePEHOCHast YIIIOBasi CKOPOCTh, CBA3aHHast C 00IETOM 3eMIIH;
R — Bem4mrHA reoIeHTPUIECKOTo paanyca-BekTopa mectomnoioxenuss BUHC.

JloBBICTaBKa MOXET 3aKaHYMBATHCA B COOTBETCTBUHM C BPEMEHHOW NPOTpaMMOM WM IO KO-
mauae n3 HK.

AHAJIN3 PE3VJBTATOB UCCJIEJOBAHUM

Paccmotpennas Texnonorus komriekcupoBanus PBMHC Opina ampoOupoBaHa B CTEHIIOBOM
IKCIIEPUMEHTE Ha T'€OJIC3UYECKH «IIPUBS3aHHOMY» MOBOPOTHOM ctoje (puc. 1). Ilukmorpamma paboTs
PBUHC Bxrovana ciemyromniye dTamnbl: KOMOMHUPOBAaHHYIO HadanbHYI0 BbICTaBKYy (AT'K: t =0 + 100 c;
THB: 100 <t < 600 c); naBurammonusiii pexxum (t > 600 c). Ha puc. 4 noka3zan curaan ogHoro u3 BOT,
a Ha puc. 5 — ogHoro u3z MOMC-rupockonoB. JlaHHbIE PUCYHKH OTPa)KarOT CPABHUTEIbHBIA YPOBEHb
IIYMOB YKa3aHHBIX THPOCKOIIOB.

©, pax/c O, pag/c
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100 1000 kol 4 el Lk dik 3 H Lol
0
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Puc. 4. Curnan onnoro u3z BOI' Puc. 5. Curnan onaoro 3 MOMC-THPOCKOIIOB
Fig. 4. Signal of one of the fiber-optic gyros Fig. 5. Signal of one of the microelectromechanical

Ha puc. 6, 7 moka3zaHbl KpyroBble MO3UIIMOHHBIE OMTUOKA AS TpH (PyHKIIMOHMPOBAHUHU HENO-
kanmuOopoBanHeix BUHC-BOI™ B aBTOHOMHOM peXuMe MOciie HadalbHOW BBHICTABKH: HA PHC. 6 — MOcCye
rpy6oit HB metonom AI'K, Ha puc. 7 — mocine koMOMHUpOBaHHOH Tpy0oit 1 TouHoit HB ¢ ucnons3oBa-
auem HaOmonenuii (1)—(4), AP® u cnMchbiBaHHS MOJYYEHHBIX OIEHOK OcTarouHbIX aperihoB BOI u
aKCelepOMETPOB, T1e
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Puc. 6. Kpyrosas nosuimonHnas ommbka BMHC-BOI mocne HayanbHO# BeicTaBkH MeTooM ATK
Fig. 6. Circular position error of BINS-VOG after the initial alignment by gyrocompassing
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Ha puc. 8, 9 mnoka3aHbl KpyroBble TIO3WIIMOHHBIE OLIMOKH TpH (PYHKIIMOHUPOBAHUU
BUHC-MOMC B aBTOHOMHOM pEXHME TIOCJIC€ Ha4aJIbHOW BBICTABKH: Ha PHUC. 8 — mocie Tpyooi
HauyaJlbHOM BBICTABKM Ha OCHOBE MEpPEeHOCa MCXOAHBIX NaHHbIX u3 onopHoi BUHC-BOI™ u ¢ yuetom
udpoBoit GprIIbTpalK M 3aUTH OT cO0eB curHaioB YD; Ha puc. 9 — mociie Takoi ke rpy0oit u 10-
nojHuTeNbHO TouHoU HB ¢ ucnonb3oBanuem naodmonenuii (1)—(4), AP® u criuchiBaHUS OLIEHOK OCTa-
TOUYHBIX JpeiidoB UD.
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200 r T
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Puc. 7. Kpyrosas nosunuonHas ommbka BUHC-BOT nmocne AI'K u Tounoit HB
Fig. 7. Circular position error of BINS-VOG after gyrocompassing and fine initial alignment
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Puc. 8. Kpyrosas nosunnonnas ommbka BUHC-M3MC nocinie Tpy00ii HadaabHOHN BBICTaBKH
Fig. 8. Circular position error of BINS-MEMS after rough initial alignment
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Puc. 9. Kpyrosas nozunmonHas omubdka BMUHC-M3MC nocne rpy6oii 1 Tounoii HB
Fig. 9. Circular position error of BINS-MEMS after rough and fine initial alignment

[IpencraBieHHbIE Ha PUCYHKAX MO3UIIMOHHBIC OMIUOKK B PEKMME HABHTAI[UU CBSI3aHBI C He-
TOYHOCTBHIO OILIEHKH yriioBoi opueHtanuu BMMHC B mpoiecce HayanbHON BBICTABKH, a TaKXe C HH-
CTPYMEHTAILHBIMH «IpeiiamMiy) 4yBCTBUTEIBHBIX 3JIEMEHTOB. MOXHO BHAETH, YTO 0€3 MOAIEPIKKH
OTIOPHOM CHCTEMBI U MPUMEHEHHSI KOMOMHUPOBAHHON HAaYaIhbHOM BHICTABKH C HMCIIOJIH30BAaHUEM MHBA-
puanToB U AP® TounoctHble xapakrepuctiku BUHC-MOMC B aBTOHOMHBIX peXMMax IPUMEHEHUS
He oOecrieunBarorcs [11].

3AKVIIOYEHUE

HpOBGI[eHHBIG HCCICAOBAaHNA U MMOJTYUYCHHBIC PC3YJIbTAThI SKCIICPUMCHTOB MMOATBCPKAAOT 1IC-
necoobpa3HocTs o0benuHenus pacnpeneneHubix BUHC na 6aze BOI' 1 MOMC B TecHO CBSI3aHHYIO
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CTPYKTYpy. Peanusanus Ha OCHOBE TaKOW CTPYKTYpHI aJrOPUTMOB KOMILJICKCUPOBAHUS 00ECTIEYHBAET
B3auMHy10 nojepkky BUHC u moBbimaer nHGOpMAITMOHHYIO HAZCKHOCTh OOPTOBBIX M3MEPUTEIb-
HO-BBIYHMCIIUTENIBHBIX KOMILIEKCOB. IIpencTaBiieHHbIE alrOPUTMBbI KOMIIJIEKCUPOBAHUS OIUPAIOTCS HA
PUMEHEHHE METOa BEKTOPHOIO COTJIACOBAHMS HAaBUTAIIMOHHBIX IMapaMeTpoB 0a30BOM U MHKPOAJIEK-
tpomexanndeckux bBUHC, a takke Ha MpuUMeHEHHe NPOoLEeayp aAalTUBHO-POOACTHOTO OICHUBAHUS U
KOMIIEHCAIIH OIMIMOOK UyBCTBUTENIbHBIX 3JIEMEHTOB.

B pabote paccMOTpeHbI BOIIPOCH KOMIUICKCUPOBAHMsI aBTOHOMHBIX CHUCTEM HaBurauuu. B To
ke BpeMsd B pexknme HaBurauun bBMTHC Takue 3agaun moryt pematbes u ¢ npusiedenneM CHC. Tex-
Hojorust komruiekcupoBanusi PEMHC Oputa anpoOupoBaHa B CTEHAOBOM 3KCIIEPUMEHTE Ha T'€0/1e3U-
YECKHU «IIPUBSI3aHHOM» MOBOPOTHOM cTojie. CenaH BbIBOJ, UTO 0€3 MOAAEPKKU OMOPHOI CUCTEMBI 1
IpUMEHEeHUs KOMOMHHPOBAHHOW HayaJlbHOM BBICTABKU C UCIIOJIb30BaHUEM MHBapuaHTOB U AP® Tou-
HocTHBIC XapakTepucTuku BUHC-MOMC B aBTOHOMHBIX PEKUMax MPUMEHEHUS HE 00€CTICUNBAIOTCA.
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INTEGRATION OF DISTRIBUTED
INERTIAL NAVIGATION SYSTEMS
BUILT AROUND FIBER-OPTIC
AND MICROELECTROMECHANICAL SENSORS

Alexander V. Chernodarov', Andrew P. Patrikeev?, Irina I. Merkulova?, Sergey A. lvanov*
Strela” branch of the Moscow Aviation Institute (National Research University), Moscow, Russia
2““NaukaSoft”” Experimental Laboratory, Ltd., Moscow, Russia
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ABSTRACT

The current state of airborne measuring-and-computing complexes (MCCs) is characterized by the inclusion of
distributed strapdown inertial navigation systems (SINSs) as components of these complexes. This is associated with the
necessity of the provision of navigational support not only for aircraft (Acft), but also for airborne Earth surface surveil-
lance systems in which the SINSs are included as components. Among such systems are radar systems, video monitors,
laser scanners (lidars), and other surveillance devices. At the same time, when the DSINSs are united into a single struc-
ture, new functional possibilities for such integrated navigation systems appear, namely: redundancy and mutual support of
SINSs, and also an increase in MCC information reliability on this basis; mutual monitoring and mutual diagnosis of
SINSs; optimization of DSINS structure for providing the required accuracy of navigation and attitude control under severe
conditions of Acft operation. Such conditions are connected with Acft maneuvering, with a loss of the signals of satellite
navigation systems (SNSs). The purpose of this paper is to study the capabilities of DSINS which are built around fiber-
optic and micromechanical sensors when they are united into a closely connected information-measuring structure. In the
solution of the problem formulated above, an object-oriented modular technology for the creation of integrated navigation
systems was taken as a basis. The use of such a technology has permitted us to realize the new functional possibilities of
the DSINSs, and also to take into account the following features of the construction and functioning of DSINSs as compo-
nents of MCCs: need for mutual information exchange among DSINS modules via an MCC airborne top-level computing
system; synchronization of measuring-and-computing procedures that are realized in the DSINS. In addition, due to re-
strictions on overall dimensions and weight, SINSs of surveillance systems are built on the basis of microelectromechanical
sensors (MEMSSs). Such sensors have a wide insensitivity zone and low accuracy. Taking into account the above-mentioned
features, SINS-MEMSs must rely on a base high-accuracy SINS which forms part of an Acft navigation complex. Moreo-
ver, the SINS-MEMSs cannot execute the initial alignment from attitude angles in the autonomous mode. Because of this,
the initial alignment of such SINSs is realized from information obtained from the base system. Mutual support of integrat-
ed inertial systems which include satellite receivers is necessary not only for continuous updating of SINS-MEMSs coordi-
nates but also for the refinement of attitude angles of the places where surveillance systems are mounted. It should be noted
that the frequency of updating the coordinates that are determined by an SNS is several units of hertz, and that are deter-
mined by a SINS is several units of kilohertz. The features mentioned earlier were taken into account in a DSINS devel-
oped by the NaukaSoft Experimental Laboratory, Ltd. (Moscow) and by the Bauman Moscow State Technical University
in cooperation. A breadboard model of the MSINS includes the SINS-500NS system based on fiber-optic gyros developed
jointly by the “NaukaSoft EMNS” and by the “Optolink” RPC (Zelenograd); micromechanical SINS-MEMSs built on the
basis of the ADIS16488 measuring modules developed by the Analog Devices Co. The paper presents the results of full-
scale experiments performed at the Ramenskoye Instrument-Making Plant.

Key words: inertial navigation system, fiber-optic sensors, micromechanical sensors, system integration, Kalman filter.
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